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FOREWORD 

Studies on the model of the. ~lory. . :i;ii 
O w y n e e  Dam wero  made by t h e  Bureau o f  t " .-: ~., : ~i ,~-: ..... 

nel under the direction of: EJ W. Lane, Hydraulic ReSearch 

Engineer. in the hydraulio:~labor&tory on the 'eampus of ~. , 

the Colorado State College of Agriculture, lmd Mechanic ' ':~! ,"i/ ~ 

A r t s ,  a t  F o r t  C o l l i n s ,  C o l o r a d o .  i , 

Model tests in sonnection~with spillway alteration| ! ":~ i j 

at Gibson Dam were made by T - - :~ :- 

under the direction of J'. E. 

the Bureau of Reclamation hy ~ ,:. ,: 

doned, which was located in ~he basement of the Old . ~ i " -~  ' " "  

Customhouse at 16th and AraNhoe streets , in:Denveri ~CoIo- ', ~ "-, - :~'~- .':;_ 

rado. " 
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A series of tests 0ha modeler the glory,hole i. Introduction. 

spillway at Ovnjhee Dam were made in 19~O-31. i ln 19S6,:model studies 

were .made in connection with altei'ations to t~he giory-hole spillway at ~: 

Gibson D~m. As no formal reports on these studies have~ i, ~ 

the purpose of this memorandum is to describe these studl -" 

suits obtained, and to present a review and bibliography of 

literature upon the subject. 

OWY~EE DAm 

The Owyhee Dam (figure I) is lo0ated in the Owyhee River' 21 miles south-" ~ 

west of ~y.sa, O~e ~llsh~t, i~og:feeta".p,, i i" 

connsctin~ with thq feet down--,, 

stream from the tunnel inlet (figure 2). : 

mouthed, or trumpet-shape~, at She entrance, :ha 

feet in dieter at ol... ~668.O fl.~in~ i~.ard, l to ~ dia~ter 0f~O~TS " 

feet at elev. 2633.0 and:to'a diameter of 22.6 feet bel0welev.: 2513.0. 

To control t.he f low into this shaft a 6C-foot diameter ring gate~ 12 

feet high, was installed inthe crest. The rin~ gate is a hollow &nnu- 

lar drum, seated within an hydraulic chamber located in the crest. The 

ri~ gate is thus a floating type Of orest similar in operation to a 

drum gate, such as is used at Shasta Dam, but designe~ for flow into & 

vertical, circular, spillway shaft. -- 
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Ia~.1928, when designs !for t 

few in iLations of vertlclal"::shaf.t-.or glor~_hO~le ~spillwa 

f r o m  studies b y  F o r d  " '  ~i ,' .... :.' : ' • - ,  , gurtz 'in connectlon~,wlth ,the design, 

spii!wa.~ 'at Davis Bridge~Dsm, there'~was little informatiO 

wi~ich w@uld assist in the design, of the.Owyhee "Dam ~spi:l'l~ 

gate ha~.no precedent wh~.tsoever,. TherefOre~i"ihydraulic:~m 

.laSl, 

.:? " ~ k  " " 

as possible that no adverse events.~ul .Occur. ln.the,op~ 

prototype. . . . .  

3. The Owyhee;Dam spillways O, 

which included,~e topography surro 

ring-gate control, ahd the discharg~ 

3, 4, and 5). The topography was -~ 

lumber, as shown' on figure ~4, The:~: 

2600 and 2658-was made ofi laminated,wood -.~, 

pine cut radia ... , treated.~.with olear'.iaCquer; ~and"~:assemble@.:so~ibm't,the.~: ' 

segmental Joints overlapped alternatelM ~ -After.asaemb!y-.thei..ilnl~,t~was 

machined to size, with a.":slot .at the crest.~o._&Qoommdd~te ,the i~ring:ga%e~. ~ 

The rin.~ gate consisted of a orest~of~ ~'~'-:~:~-d ~cast ~t~i metal~iii!and:i~a~i " 

iron.., cx.linder or ring attached to ~the ~rest,at % h e . . .  . :o~.~:io.i~i~'m~@.~e,.o~: ~ .  ~:" 
of!~the~ gate proper. Two crest designs:- were studied. ?~The origi'nal i.dg- 

of °rest s m etri al, wlth n bet • . ~. " • i . . 'g g~.!. P •., h the :UP '~i. 
strum and •the downstream:edges . In the t?inal design :the lipa£..the up- ~. 

st.~am edge was removed so that ~he , C r e s t  • w a s  flush:~.th..:the'iouter-:cir, !! 
ct~nferenoe of thecylinder. This gate, which flts ,snuo~ly~in ~he!~slot~on.~/ 

the/.~ore.~ ..t.~ the. .- s~il lway. ....... inlet,~... ~was. . qp~rated. ,mmmually, ~Three :p.~sh. r - 

equally s p a c e d ,  w e r e  f a s t e n e d  LtO t h e  b o t t o m  . o f  . t h e  : . q y l i n d e r s ~ a n d l p r o ,  - - - . -  " 

truded below the floor of the.mbdel. TheJgate . ~  positioned from below 

by raising or lowering these .push. rods and ,fastening them in place with; 

adjusting sore~s. Forty-eight 1/16.inch holes equally spaoedaround%~he 

circumference of the lower crest served as air vents %o aerate ,the ~res~ 

4 

7 

:L~', ! 

q " . 
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Figure 5 

A. SPILL~ ~ ~IT~DT RINO GATE 

B. mo~m,, 08W,,~s ~ ' ,m ,mwoeRm, 
P£~  AND ~ t O  ~ IN lq.M&. 

GJ~'EATELEy. 2~5B.0 
P0~U,E~. 2670.0 
XESC~Z. ~i,100 C.F.S. 

D. AT ELEV. 2~67.O 
POND ~LEY. 2679.0 
DISCHARG~ ~ ~.500 C.F.S. 

THE 1:48  ] ~ q . U L I C  M o r ~  OF 
THE OWY~E DAM SPILLWAY 



when the ~ate was raised. The vertical shaft of thela 1 bel~v the 

inlet section was made of 24-gage galvanized iron, fo~med ms the fruatrum 
"/L L , 

of a cone for the transition section and as a Cylinder 

shaft. The tunnel proper and the 90-degree elbow connc 

the tunnel were made of transparent pyrali n tubing.~' ~' ~ 

To measure pressures in the model, 14 ~ era 

topography at various points. Four piezometers were also place :on the 

outside walls of the spillway " ' :~ "'~" and twelve ihside the suillway -~feur at~ 

elev. 2650.5, four  at e lev.  2638.5, and four  at :elev. 2626.5 ( T i ~ r e s  3 

and 4). Two piezometers were .located '~ " ~58.0;'. t~e 

normal crest elevation with the ring *easurements ' 

were made on a manometer board, and the . was meas- 

ured with a hook Ka~e. Discharge was measured over a callbr~tedweir 

which was part of the permanent equipment of the Fort Collins o:atory. 

4. Summary of tests on Owyhee soillway. Thirteen tests were made 

on the model. In tests 1 to 6, inclusive, the: °riginal design ~s studied. 

In test 7 T.he upstream lip of the crest and the ac were removed. ,~ 

Tests 8 to 12, inclusive, were studies of the fina ~ 13 

was made by removing all topography, to study the::flow into the entrance 

with a perfectly symmetrical approach. The procedure for each test was 

similar. The gate was set at a definite elevation, end four;0r five runs :i!!~ 

were then made by varying t}:e head and the discharge. Te I0 ° "~ 

were rl/n twSnR_ n ~  ~ + ~  @ ~  ~. __~_~_ _~_ , • -~ 

merged, that is, with the vertical shaft flowing full of Water.- The ~ other 

runs were made with the spillway in normal operation - the water falling 

c~er the circular weir into the shaft without filling the~:ahaft, In each 

run the discharge, the water surface elevations, and the piezomebFio 
.o 

pressures were measured; the flow into the outlet was studied, .and photo- 

graphs were taken. ',.- 

An analysis of the results included the conversion of pressure and 

discharge measurements to prototype by the laws of hydraulic similitude 



r • r 

~ .' t [ 

and computation of coefficientl of discharge. From pressure measuren~Dnta ~!: 

it was possible to ascertain whether severe vacuums or other unreason&ble 
pressure conditions would occur. The coefficient of discharge C was ob-:~: 

tained from the expression 

m a ~ 

-cL (H) 

Q ~ discharge in second-feet, 

H " head over the spillway crest, in fq 

L = the circumferenco of the crest. 

whe r s 

It is well to emphasize that the coefficient ~ 

of the capacity of the spillway but only the : 

at the crest. Moreover, Oaution shouldbe us 

ficient of one spillway ~ith that of anothe:t 

L may not be based on the crest but on some Otb~ 

possible that two spillways would have different 

%he same discharge capacity. Coefficients for th~ s 

ori~inally computed, were based on a head ~H~measur but 

upon the l@n~th L equal to the outside circumference of th 

crest section, which was 208.1 ~ feet, prototype, fin tests 1 

and 203 feet in tests 8 to 12, inclusive. This would make 

cients in the final design appear slightly ] ~han those in the origi- 

nal design. To avoid such confusion and t o  batten basis t'ot~oom~- : ~ :  : ~ ~ Lb~r ~ ~ 

pariso   'ith ot er s udies t h e  c o e f f i c i e n t  o f  . . . . .  . . . .  • , in this memo r a.u- 

dum is based on values of H and L referred to ~he 60-foot/diameter~ 

crest (188.5 feet). These coefficients will b e  slightly ;i~iil 

values originally computed. 

5. Su~nary of results on Owyhee spillway. The results of the model 

studies of the spillway are ~iven in ~able i. Rating and discharge- ~ 

coefficient curves for the final design are shown in ~figure 8, and photo- 

graphs of the model in action are sho~1 in figure 5. 

In table I the pressure data ~ms been condensed by eliminating pie- 

L ." 
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zometers 1 to 18, inclusive, and 31 and 32.~ These piesometers~are located 

upstream from the control at the crest, in regions of low 

sequently, in every instance pressures were equal or nearl 

head above the crest. Originally , located to determine differlA : 

ent velocities of approach due to guration of the 

the resulting difference in head was too smalll t0~/;~asure 

Pressures in the spillway inlet, piezomsters 19/to ~30, inc ' 

generally slightly negative; buC no negat pressures were recorded which 

would indicate the presence of cavitation the protdtype. I 

pressures for the original and the final designs were the same, indicatin~ " ~ 

that there was little basic differenc~ in the t~o designs. ~ 

The final crest design,, tests 8 to 12,1inclusive, was made ioy~r'en~T- 

ing the lip at the upstream edge of the crest of the original des~ tests 

1 to 6. inclusive, and by opening the air vents under the ~Ic.~mr nappe 

the overfall. The removal of the lip at the upstremn e d 

was to simplify construction in the prototype. 

A comparison of pressures for tests:l to 6, incl ~=" 

tests 8, 9, and i0 indicated that removal of the l£p 

effect upon the performance of the spillway. ~A comparison ofltestaS~ 9, 

and I0 with tests 8A0 9A, and 10A reveaied:that thea ctioni0f +~ ~ 

vents had little effect upon~ the spillway performance, frith, 

sheet of water flowing over the spillway ~ms usually not s 

fins and troughs near the pier; so it °~s possible to prey: 

the lower nappe of the overfall without vents. Such a condltic 

occur in the prototype. There the flow Would be much smoother, 

Jet several feet thick it would be difficult to provide aeration without 

vents. In test 6, run 2, such a condltion actually occurred j the under 

nappe failed to aerate, producing undesirable flow conditions. Therefore, 

air vents were included in the final design. 

As may be seen by the rating curves (figure 8), the flow over the 

spillway increased with head until a disc.barge of about 40,000 second-feet 

was-reached under a 14-foot head. The vertical shaft of the spillway then 
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• , .,,•/ • •7.• ,• ,,-, , 

in the disoharg 

constant 2o a head of I~! Teet :bu 
L ~ , 

head. 

As the head increased,%e~the, ipOint iwhere:.~.~ 

stable condition was :~dbser~ed.. :The vertical ~!i~h~ 

empty,, foilowed by a 

ing aoti on "~oUld be 

was suggested. Howe 

ing a maximum !fl cod,, ..... _ .; 

so this sur ging ahouiid ~iha~e ~'i~le-oppor, tun:i% N 

age on the splillway. . . . . .  

The object of, tea.is"7 and IS ::,V~S~:!pri<~:r.[i~i 

of ~he pier (~test 7) or,a-ll,o~ the.~surroundi-n~ > 

change flow conditions to,produC:e ~', 
. , . - .  % . . 

t e s t s  1 -to 6 and 8 :to 1 ~ ,  :inclusi~ve~,-,espeo~igi~y).i  

• the di scharge rating:Woild be ~ d u c e d * '  :,':i,)[o. . ,//appre, 

t h e  other tes~s'~ere :observedi.,:~and. , :"i.n:<~e~e:.(.~S:,, 

to induce a vortex ~ --the .flow Ru:ick~ly,.:re~/rned:.:,~o 
, / . i  ' . > _ - ~ / :  ~: i~:.',.if:i_ ' 

tern,. This did not Preclude 7~)ie:,ipossi,b~l~.~ 'O~f}~ ~Y 

greater heads .than te sted:; and ,during ,~:a.:ia] 
: ,  . , : ,  . . j ' /  . -  : . .  / "  . :  . ', 

f o r m  i n  t h e  p ~ o t o t y p e  :and, resui'l,~ in: .an,; /app:r,e#iab.-  '. 
• " , ~ : ¢ A  • ) 'ity, the ring gate should beraised . t o ~ . a p o i ,  nt,!wll 

• " " - , . ,  , , ,  ' I i . . .  ~ - ' '  : , - . : .  - " i ~ :  

so i :  . . . . .  " . . . . .  ' comes radial, be ~po,ssibl~ 

,~'b 

-5 

ycle. ~.This. s 

- :, ? 

'om-i:~ 

. .. " 

;f 1 o0d • ~ :, ~sh o6Id ~!'a••~!:,vo~t~ ' ~•/' ->.•: 

i bl ;% ,~ to-.:increase ~t~ 

of the spillway. ~ " " /.~ " '~" :::~': . . . .  

8. The p oto   he, D . : 

~to~type "spil!way .has been de scribe d in.an~ ~artic lo0 "Vleating'Ring Gate'.a~ i::~~~ ~}.~i~i 

• [.i~Ior~,Hole .Spil~lway.:.~t Owyhee Da, G.. Smith, Assistant mngi.neer,.: 

.!Reclamation Era,. AuGust ~1940, .and .a~!so in an.hydraulic laboratory report,.-17! 

"/BXD-S.7, ."ReP or~; on In specti On ~ rlp .to. :C orre late Rre sen~t: Hydrau i ic De s~Ign.. : ~:[~ii~i! ' 
. , -  < 

.-'i . . . .  ~JT' 
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Practice and the Operation of StI~ctures'in the F~ie!di" by J. E, Warnook, 

Ser~ior Engineer. Indescribing the flow over the spiiiWay, Lew/s"G 

Smith quotes the Owyhee monthly report dated " ~ ' ~ " ~ ' 

that the ring gate worked'perfectiy after a/f 

spillway was described in the Smith report as follows 
L 

"During flow around l-i/2~feet in depth-:ove 

the water falls in a solid sheet toward the cent 

spillway shaft and apparently ": ' 
". than it i 

can be released at the Outlet ' tunnel ' 
W ' i 

causing the air pressure to b~ ~ i'6noug~/ to 're- 

gurgitate- or break through ~the sheet I of Overflowing water. 

This air comes through with enough force: to.carry 'spray 5 0 : o r  

60 feet above tbe level of the gate crest,as:maYbeLseen in 

figure 8 [Smith re~ort]. 
often as once every i~ see,~nds and so, 

minuteso depending upon ~he tail-ware; 

influenced, also by the water release( 

outlets at the dam. For ~']nw I.o~. + ~ .  _~ ...... : ±  . . . . . .  = 

shown in .~igUre 9 re , he ali~::pressure id. not ~suf_ 

ficient to break back and is forced out ~.~:o~gh the outlet ~ 

end. It is belleved'that a supplemental al :~ : r duct could be 

readily provided for air escape near. the bottom of ~ the shaft, 

which should prevent this regurglta~ion.- 

\ 

Warnock also observed the flow into:the spillway, and, inaddition, 

he described a oond£tion at the exits which was no~ antlcipated. ~'~ 

'~Tith the 1,000 second-foot discharge, the flow into the 

s~illi~ pool below was undisturbed, but as the flow increased 

: ' -)~ 

L- 

:/! 
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i :,+i 

an unexpected disturbance occurred+which, so far as isknown,: :.+.: ~ - ~:;/ 

was not detected in the model. The ~stream of water from the :~+"" ""/? 
+ ~ + + + 

spillway tunnel created waves on the surface +of the stillin~ :,; 
+ + 

pool These waves traveled across the •canyon, reflected and 
• , ;+ -, 

flow (3,000 second-feet) + the spra~/from the.explosion was 

thrown two-thirds the distance up the~djacent cliffJ~ +The - " 

carets~er said that with larger dlsc.harg~'s-+thisspraywas ! 

thrown to the top of the cliff." " + 
,, 

+> 

c 

the exit for a short time and t 

that an explosion results from 

~, ~+i/~ + 

T 

whe n , 

. . 

o Seal 
. 

+, --'~'• 

+ " 

4" 

/ ''/ 
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GIBSON DAM 

7. The spillway alterations at Gibson Dam. Gibson 

in the fall of 1926, is located on the north fork of the 

60 miles west of Great Falls, Montana. The sp 

shaft or ~Iory-hole type, having an eccentric 4 

t• 
LH ~ 

st elev. 4711.5 (figure 7). This shaft flared inward toa;diameter of- 

61.6 feet at elev. 4704.2, 36.0 feet at elev. 

low elev. 4623.75. At elev. 4623.75 the Shaft 

on a 5g-foot radius to a circular tunne 

floor, at elev. 4550.0. There being no 

water level above elev. 4711,5, the store 

could not be utilized. After several yea appar- 
. became , 

ent that the extra storage which might be realized by 

above elev. 4711.5 would become necessary as the water 

increased; therefore, in 1935, des6gns for spillway al~era~1ons 

gun which involved placing piers and gates around the Spiiiway t~ 

possible storage up to elev. 4724.0 (figure 8].i 

An hydraulic model was used, in connection with thesealterations, 

to study the flow into the s pillway wlth the gates in operation knd to 

compare different designs and arrangements of the gates and the piers. 

8. The Gibson am model spillway. A 1:83.6 model ~was built 

which included the topography surrounding 

piers and the gates, and the spillway and 

(figures 9 and I0). The topography was ma ~ ...... r. 

The spillway entrance, between elev. 4712.0 and elev. 4676.0, was made 

of concrete, poured with bases on which to set the piers, and wlth 

piezometers in place. The transition section between elev. 4676.0 and ~ ~ 

4623.75 was made of 1/10-inch pyralin in the form Of a frustrum of a 

cone to permit observation of the flow in that region. A pyralin elbow 

below this transition connected the vertical shaft co the discharge tun- 

nel. Savi~& been used in ~he previous Owyhee model, this elbow was not 

entirely to scale in the Gibson model in that the radius of the bend 
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was~12;28,inehes when:.it should have been Ii;12 ~tlches. ,T~e sheet-metal :i 
, r ' P  • 

dlscharge tunnel connected.to the d~stream Side of ,the elbow~was~thus 

~laced 1.18 inches too low. However,~;such,a:~discrepancy!was not-con- 

• ~idered important because it did .not ~ffect'the. flow .past,the gates,;and 
, ! '; 
into the spillway. 

The piers, bobtail in the<orig gn, were-made::ofi'trea%ed . 

~edwood held in position 'by,an,,an e ,fr together ~at::";the 

~top. The radial gates, of~sheet tal, , slots between i ~ 

~th~_ piers on the original, de.~igns, ~ u;t 
final designs. ".: . ....i~ . re i~pivotgdlon: hinges 

trau~ition and" thee 61bow were.available 

tative o0ser~ations. The:discharge,was measured~over~_:a :V-no~ched~weir 

and was brought to the model through,a':flume. " 

9. The original design of theGibson/:Dam..:spillway-gat~ 

[~sled at Gibson Dam are ~ordinmril 

I pins swung downstream. "Thus, th 

~all times.. However, during the 
I 

e 

L " " " i'. 

.~ for Gibson D~m, it was found.that aline:re cbmpact,arran~ement.woUld~be 

poQsible if the gates were :reversed, from their, conventional.,posi~tion. • 

Onlyvisual tests.were~made on,.the~ori~ina! design because several i 

adverse features were apparent immediately. The'bob~ail~ piers?caused • i 

~,lar~e fins downstream. The bobtail piers, caused large fins= downstream, i 

"Severe negative pressures occurred in~ the,spillway:entrance below~,the -~: 

bre~.k in.profile at elev~ 4704.2. .~nere was an unstable flew :'condition • 

at the maximum dischargei, causing a surging actio ~wher~ the-. epillwmy ! 

shaft alternately f.~]led and ~mptied, as was,.obeerved ,~ t}~e_0wyhee ~. 

model. I The original design was therefore revised. By addi~'p~er tails, 
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Figure i0 

RE~.q,%YED ORIOLXAL L~E-SIG: ' 
PLA~"PICE~ FILLET I~: CRESF 
24~D ]~-ER TAILS ADI~/D 

B. REVISED ORIGINAL I~SIGN 
DISCHARGE = 30,000 C.F.S. 

C. l~m~L IESlCm - ~}o PI~S 
GATEs OPEN 
DISCHARGE = 35,000 C.F.S. 

D. ~SISN L~I~ 4~ PI"~S 
GA-'ES RAISED ~ FEET 
DISCHARGE = 13,000 C,F.S. 

THE 1:63.6 HYDRAULIC MODEL OF 
THE GIBSON Ii~ SPIILW~Y 
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~L ~ ~i ~ ~i: 

the fins downstream from the piers were reduced; by roundi~ng thc~crest 

with a plas'ticine fillet, negative pressures icauSedlbv t:he~i~brsak/i~'in.i the" 

crest profile at elev. 4704.30 were slim 

in the tunnel near the exit, ~he sur~ing 

avoided (figure 9 E and ~F, revision l:). 

I0. ~ressures on cres~. A 

satisfactory, detailed pressure 

Pressure curves for discharge 

tively, shown in this figure, 

ocher discharges. ~A maximum 

at the spiTlway entrance. It 

pre,sures, and even cavitation,~mi~ht exist ±n the i ~,~Z~I~, 

spillway entrance sh.ould.the spillway ~become 

this would be a rare Occurrenceof ~relati~ely 

damage should resu~t. ~ ~ 

II. Cause of sur~i.ngat ~m.ximum idlschar~e, I~A~ study wa~s~ima~e~ito % ~,. 

determine the cause of surging at~ maximum iclsc] ..... • "~~:-~ 

al~srnately filled and emptled. ~ It ~was-found.., 

block, or a choke, near the tunnel .exit would effective 

eliminate this action. ~The explanation seemed to lie 

there was a chan~e in flow regimen and a shift of ;cent 

shaft filled. Actual'ly~, ~the control may lbe,located 

At normal discharge, the~contrlol was ,a~ ~the clrcUlar ~ i i i~!i 

head increased, a flowwas reached when ~the crest su 

t r o l  s h i f t e d ,  e i t h e r  to a n  o#iftoe n e a r  the top o f  i t h e  : s h a f t ,  ~ h e ~ l e c a .  , ~ .~ 

t i o n  d e p e n d i n g  u p o n  t h e  :Shape  Of ~ h e  i n l e t ,  ~or t o  :a ~ cont'rel_~-a~t t h  

t o m  o f  t h e  s h a f t .  T h i s  t h i : ~ d  • O o n t r o l  was r e a l l y  ~ h y p o t h e ~ i c a l  a n d  

cluded the resistance and the obstructions in the ~:tunnel, the e~bow, .. i .~, 

and the vertical shaft. , For moderate discharges when ithe control was - ~ 

at the crest, the control at the bottom of the shaft ~u!d also ~ack 

water up the shaft some height, depending upon the ~ di schar~e. As the -i~! 

head increa~ii~ncreasin~ the discharge, wa~er would back up the sha-ft ~; .... 



and it was apparent that eventually~the abaft would be filled and:the /~ ~ 

crest submerged. However, ; before !the shaft filledo a~head was reached- , 

St which the control shlfted,fr~ the crest to the onifice at ~the top " 

of the spillway:, submergin& the eros ~ ft ~ low was Ileal. ~" 

When this occurred, ipressures 

the crest submerged. The neg 

velocity and the discharge in -, 

control shifted back to t&e.c 

negative pressures were relic' 

less discharge in the shaftj the controlagain shifted to ~the orifice, L 

the crest submerged, and the cycle w&s r:epeated. ~ " ~ "  " 

AS the experiments indicated; it w~s possible ~tO avoid this un- : ~i 

favorable condition by placing a restriction ln th e tunneL near' the exit 

to increase the resistance of:the control at the bottom of the shaft, > /ii 

The Water rising inthe shaft, would.then submerge the cres~ befo~'::: "re :the ~" ':: ,""i: : 

head was sufficient,to cause the control t~ 

orifice. However, ,such,a restrlction-not being a practlcal solution. • '-": 

nothing was done to allevia~te this unfavorable.cOndition at the Gibson ~ i~:: i I 

,pillway. In future designs ~ o.f ::lory- he :sh~t mi:ht : 

be ao proportioned that the/comblned-r tuhnel: ~d .the ' ~? 

shaft would be sufficient to filL the sh~ft before the,:c0'ntrol:c0uld " :: ::i 

shift from the crest to the .orifice.~ ~,. :' :,)~: :~ ' i : 

12, Air in the 6haft,. Another method of e li~ ~ '" ~ ~:. 

at maximum discharge would .be to provide air vents 

lieve negative pressures. The use of air vents was 

csuse the events that mi6ht occur in th~ prototype, at.e, extremely un-. 

certain as far as the inhalation end the ejection O~f air are concerned. 

Air bubbles ~hat were drawn into the model were compressed a~ the bo%~ " . :~/::~% 

tom of the shaft and in the tunnel and ,then ejected from the tunnel in ~ 

such manner as to suggest that if eimiiar bubbles existed in the proto- i: i:! 

t:~pe, they would virtually explode at the exit. Nothin~ could be doze /~i 

to prevent the entrainment of sir inl the prototype; but a flood ~reat ,.. :: 

24 : " " " '~ 



i 

enough to cause a surging flow, with the inhalation of-air ~in large 

gulps, would be a rare ~ocourrence of short durati'on, ::So any damage ~ ; 

that might result should ' n o t  be extensive. 

Since the model studies on the Gibson spillway (1936), this condi- 

tion, explosion of air bubbles at ,the tunnel exit, acltUaiiy occurred in 

a similar type of spillway at San Pablo Dam in California. ~Intense vi- 

bration resulted, and the tunnel lining ptured, 

A complete revision of the San Pablo spi 'e~ent 

recurrence of damage. At other spillw~ys, however, it has:been observedli 

that the action of air :is not:a,lways be ejected asia, " 

stron~ wind; it may be mixed with wet as ._observed a~t 

Owy~ee, it may regurgitate 'from the,entrance; or, as also observed at 

Owyhee, it may cause an explosi:on when :reflected waves seal ~he entrance, 

as described in section 6. In the case of the:S~; Pablo Dam, the ~fact 

that the exit was submerged may have beeu ~the cause~bf ~the trouble. 

However, this is not certain. To ~und~ nd to control 

the action of air in a ~l'dry-hole :spi~ the furze. 

The use of air vents in the bottom of U g~est~d; but 

they may not be completely effective. If ithe ia~ir is mixed vdth ~h~ ~ 

water, only a small portion may :be~vented, or, ill the air is ~compressed 

as bubbles, the ~:elief iuto the vent : he same 

manner as would the discharge from th 

IS. The final,,,desi~n of G~bson ~ates~ 

faced down.s.tream. As far as the hydraulics~were conCecned, .the revised 

origina1 design was satisfactory; however, a more compact arrangement 

was desirable. This was accomplished by reversin~ ~he gates so that 

they faced downstream. The final crest design was similar to the crest 

of the revised ori~inal design, but much shorter. The p~ers were laid 
? 

ou~ in a more symmetrical pattern than before, although their General 

location was the same (fi~ur~ 9K). Two types of piers were proposed, 

a 22-1/E-degree pier and a 45-degree pier. The 22-1/2-de6ree pier :was 

tested first and selected as the final design when no marked improvements 
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could be seen in later tests~on~the 45-degree piers,, Four tests en~this 

final arrangement were made. In test ~i, 22"i/2'degre~ oiers anci ~abut- ~ 

ments were used (piers~F an~ G, figure 9G) .... Runs.~weremade~Cdischarges. 

of ii,I00, 15,200, 25,200, 135,000 - O,:100:aecond~-f6et~ re- 

spectively. A run was also m~de barge wlth~a:~block 
• ~ , : ,~ ii ;; 

tunnel to stabilize the flow. Noldetai~led pressure measurements were 

made in this test. Test ~2 was similar to :test 1 exce; 

fillet was placed at the upstream edge of ,the crest.c( 

over the crest. The fillet, however, ~was not very effective. /Test i!3 

was similar to test 2 except ,that~4o-degree piers~and abutments were'used 

instead of the 22-1/2-degree piers i(piersE and F, armed 

improvement of the flow conditions ~was ob ~served. :~;~ to 

test 3 except that the fillet st the upstream edge of;:the:~:crest~was re- 

moved, 

Test 1 was selected for :the final des ~ssure measurement s " 

were made, as the crest-was similar to the ~st t ~: 

design and it' was considered that   those  pressure  mea rements  .ouid   suf,- ...... 

,: . , - . 

fice (figure ii). A discharge~rating curare:and m discharge.coeff~clent 

curve, with the gates raised, is shown for~the final~deeign on figure Ii. • 

The discharge rating curve shows a m~ximum~st~bi,s flow of/L45ioOoseoond- 

• feet with a !5-foot head ever the cres~. The ~oefficientof discharge, 

which is about 3.4 for this head, was based upon the ~reiat£On ~ 

Q " CL (H /2, where U is the total i etween the ~piers. 

This coefficient cannot :be compared ~ cient for the Owyhee 

spillway, or others, because, a.s ialready mentioned, the ooeffloient of.ji :~ 

a glory-hole spil;lway is ,not-an index ,of the spiLlway~capacity~, , - 

To conclude tests on the Gibson spillway, a 'series of .:runs were@ . 

made with the ~ates at partial openings, varying the dischargeand the :~ 

head. From all appearances, the operation of the prototypewould be ~ 

!mtisfactory under all conditions. 

~C 
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REFERENCES TO OTHER GLORY'HOLE SPILLWAYS 

14. The Davis_. Bridge ~Dam ~spillw~. The!widsspreadnseof ~earth- 

fill dams at locations not sultable~for m~ 

0 ~ for the introduction f shaft ~spillways. . ....... 

a narrow valley with steeplyrlsing hills on both s r the ..... 

spillway is not feasible and ~the spillway is ~&ncorporated :in~the~dam ,'. iIn 

the case of an earth-fill dare,at a similar i ilccation,~:~a ~spiIlwayi0ve~:.[the- . ~/ 

dam itself would not always be~safe, and one aolution~is to~usela~shaf~t I 

spillway. An attractive design was the ~vertical-shaft or glory-hole~spi~!!lw I 

way because of the economy of construction. ~especiai~ly when~a<d~ers~on :~ 

t u n n e l  was n e c e s s a ~ ,  f o r ,  i l n ~ s u o h  c i r . c u ~ -  ~ ~- - ~ t h e  : s h a f t " c O u i ~ ! : b e  .~o ined~  'i 

with the diversion ~unnel, 

However, many engineers were reluctant pillwaMs ~as 

there were several apparent disadvar ischarge ~ 

capacity was limited; also, the ware .~ id act~as~ . 

an air pump, compressing large quant . Tthnncer- ~ 

tain results. Prior ~ 

existance, and practi( 

available. A paper b~ 

way for the Davis Bric 

A.S.C.E., vol. 88, 192 / 

the subject. To this paper were added,t 

engineers. Much of their oriticism was 

~is type of spillway.has increased, and there is now more 

the subject covering prototype inst~llatlons, model studies 

vestigations. ..... ~ i.! I 

The Davis Brid~e Dam, an earth-fill structure o0 feetihigh, ~is located : 

on the Deerfield River about three quarters of.a mile south of Whitingham, 

Vermont. This dam is situated in the neck Of a narrow valley with hi~h, 

surrounding hills, making the use of an overflow type of spillway imprac- 

tical. A glery~hole or shaft spillway was both practical and econ6mical. 

The entrance of the vertical shaft, 22.5 feet in diameter, was placed on a 

27 
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shelf above the diversion tunnel and connected :to .the tunnel ,bM a 90- 

degree elbow. ~ "~ 

The basis of the theoretical desi:gn:Ivas to make ~the.entrance~ci~reu - 

far and reduce it +~o a uniform diameter ~of 22.5,feet,.as ~s~ "he~,water " ~ 

.f~llin5 over the lip could be accelerated to the required y. ~To 

accomplish this, the design was separated into four distinct Partsi 

(a) A circular, broad-crested weir was used:at the'up- !~ 

s~ream edge of the entrance, with~.theVeoefficient assumed~:to ~ ~ '- 

be the s~ulle as that for a ~simiiar rec~tilinear weir~. 

(b) Below the downstream edge~ of the weir,thor ̂ '-^-',-- 

open section w~ich was designed ,f 

failing jet. The shape d..by assuming 

the path of t~le water at ine 

rabola. This section continued untii'th 

(c) The closed .pontion of ~the ~ • ree . 

sect;on continued until the required,vel 

remainder of the shaft ,wz.s :reached. 

(d) The remainder of ~the des1~ in~oAVe,J~:the,.c~osed ver- . " . :!~~"-i 

tical shaft, ~he elbow, and the diversion tunnel.-~,These see- 

tions were desl.gned from regular formulae ads.. 

Tu check this theoretical desi~l, a model was 

i to 38 and tested at ~the. Alden HydraUliC 

Polytechnic Institute a-~ Worcester, ~ass. 

~o the testing flun~ of the Powerconstruotion Company ,on :Sadawga Brook, 

near ~311~ingham, ~fermont. " • " 

The Worcester tests were to ascertain the capacitybf ~.the spillway • 

and to observe the manner in which the water entered the ~:spillway~ INo 

topography was included in these tests, so the flow wee sy,mmetrica!, 

The discharge capacity checked the theoretical~oapacicy, and the Llow 

'~onditiona were as anticipated except tb~t a mushroom of water appeared 

where the Jet came together. This mushroom had no effect upon-the ~low 

into the spillway. Negative pressures were observed on several.sections 

28 
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of the spillway entrance. 

In the Whitingham tests the efI'ect of 

approach to ~he spillw~y ' and the 

between the piers were studied. T] same 

The piers were useful in forcing the 'rater to, flow ~nto 

in a more symmetrical :pattern. 

j., .... 

15. Model experiments ~by B r i ~ ~ .  The gl, r'hele ~or 

shaft spillway ht ~ been used in England as far backas 18~ i~:~Although 

it is doubtful that ::w ~el scudies were 

sign of the earlier spillways, at more recent inl 

studies have been used. Of particular imp0ntanC~ 

ha e been described a serle, of p pers B n i,, 
O. M. Binnie, A. M. Binnie, and R. K.-Wrightl. , " - , _ .  .~ , 

In "Bellmouthed Weirsand ~Tunnel Out~ie~ts for ~ i.. " '. ~ ~ ~ 
, • ~ a e  ~xsposa~l ~of ;~glood 

i:,'ater," by W. J. E. Binnie, Transactions of the InstitUtion~of ~Water 

Engineers, vol. XLII. 1937, there ithed 

or glory-hole spillways in:the Br < 
, _~tes, ~- 

followed by a resume and results ~de- . " : 

s~gns of some of these str.ne.~ 

(i) The spi:l~lway for ~the 
signed in 1912. The~.-~l!mouthe 
flared inward from a (86-foot di 
shaft SO feet below the crest. 
foot diameter tunnel~ 93 ,7 feet 
S,040 second-feet.- To~p~event ..... 

fins, 9 inches wide, were placec on the bellmouth entrance. 

(2) A simi~lar spillway for the Si~lent Valley Reser~voir in 
Ireland, designed in 1928, whose entrance flared inwar, d ~fromi&n - ~ 

80-foot diameter crest <to a 16-foot diameter shaft 27,.Sf:ee% be- 
I~ the crest. The shaft was connected to a 16-foot d i a m e t e r  • 

tunnel 46.6 •feet below the rest. The capacity was 2,600 second- ..... i i 
fee~. Four fins were used o prevent the formation of a vortex. ~ :~i :~ 

(3) The spill~ay for the Pontian Ketohil Res~rvolr &~t • 
Singapore, designed in 1927, had an entrance which flared inward " 

from a 50-foot diameter crest .to a 13-foo~ diameter shaft 2~ feet ::" !: 

?. 



below the crest. The shaft was connected to & 13,foot dis- 

15 radial piers were placed on the crest instead of using 
fins in the bellmouth entrance. Thi sd! from 
model tests of the Davis Bridge Dam indicated 
that piers improved the flow into t~ 

(4) The shaft spillway at Davis Brid~ was 
discussed in section 14. 

(5) The spillway for the Burnhope Reservolrlin ' En~ ~ ~'~ ~'~ 
designed in 1932-34. The entrance fla_~ed inward from a ~i~ii:i:/ .~ ~i 
foot diameter crest ~o ~ 12-foot diameter shaft 2 5  feet below 
the crest. The shaft was connected to a 12-foot diLmeter 
tunnel 97.6 feet below th~ 
second-feet. A curtain w| 
the formation of a vortex° - 

of the ~.~anuherikia Falls, 1 ;%; 
was the beat device for vc 

(6) The spillw~y for the i iii 
Zealand, des~.~ned in 1932. The from a 
102-1cot diameter crest to a 17'foot diameter%shaft55 Teet 
below the crest. This shaft connected to 
tunnel. The capacity was 19,400 secoud-fe : i~i 
used to prevent the formation of a vortex. 

(7) The spillwa~ for the Jubilee Reservoir at 
China, designed about 1933, The entrance~differed 
spillways in that it consist 
a bellmouth. This conical e 
foo~ diameter crest to a 25-  
the crest. This shaft, only 
diately connected with a sl ping tunnel lob feet in diameterl 
and several hundred feet long. A curtain wall Was used to pre- 
vent the formation of a vortex. The i capacity of ~this spillway 
was I1.300 second-feet. 

The model experiments by the British considered first the reliabl- 

lily of the model results applied to the prototype. For the Jubilee 

~eservoir, experiments made w~th models constructed to scales of I119, 

is24, 1129.4, e~ud ij43.5 indicated that the model would predict closely 

the performance of the prototype. To study the effect of entrained air, 

moasure,r, en~s were made on a it24 scale model of the Burahope spillmmy. 

The results demonstrated that entrained air had no @fleet upon the 
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discharge at maximum capacity, and t fleet, n 

and tne volume of the entrained air r of, 

experiments were made me study %he formation:and %helprevention of vor- 

 lo, the ,pil   s. i  ort . e ofpreventi    o teX 

emphasized in the Jubilee experiments where the formation ~ Of a vortex < 

decreased the discharge from 14.000 tog.000 seCond-feet. 

t h a t  i t  ~s i n C l u e n c e d  by t h e  s u r r o u n d i n g  t o p o g r a p h y ,  o t h e r  ~eond i~ iOn8 . . . .  

which may cause tan[,ential velocities, and the form of ~he:s 

itself. The use oT "- fl.~s in the bellmouth, 

walls will delay ~he formation of a vortex, Zhe t 

most ef~ective devic~. The curtain wa].l divides ,the bellmouth int~/%~o;,~:~. ' ': :~ 

semicircular weirs. Tests were made to find the the 

curtain wall should extend into• the entrance. 

scribed, the 

This article describes the ex~ 

Jubilee Reservoir. At the other s~ 

flogds zreat enough to chok~ the s] 

re£ion of China, where the Jubilee 

occur so severe that the possibili~ 

of major concern. This necessitat, 

sistin~;~ of six siphons capable of c 

careful consideration of the condi: 

spillway at maximum capacity was a: 

of the ori~inal desi[.~n was. shaped similar to those previously ConstrUe'ted. '; .... . 

A curtain wall was used to prevent the :formati0n 0f a lvortex:, and alr ....... 'i"~•i!,~ 

vents were used to relieve negative pressures below the bel*imouthed ', ii 

entrance. Withou'5 air vents, a maximum dlsc'har~e of 15,000 second-fe6~t 

was reached; but at a discharge of 9,700 second-feet, violent eurF.ing ~ • 

of the water level in the entrance took place (such as was observed in 

the Ow~hee and t2~e Gibson models). As this surzin ~ was caused by vacu- 

u~.~s below the entrance, the air vents eliminated this condition; but .... 

the discharge was considerably reduced, and unstable, varying from II,SO0 .~ 

31 



• . . - - . : ~ , . .  . ".,,i:~i~ '~ 

to 9,000 second-feet. 

A theoretical design was proposed t~ eliminate negative oressure8 

in the shaft. This design consisted of a conic all shaft%spored inward 

~o a minimum diameter aC the bottom so that there could be no control 

except at the ~ " ' " '~ " ~ "":' " ~'~ bottom. Such a desm~n could no 

for it required a horizontal tunnel, whereas 

periments. Nevertheless, the entrance Z~sectiO 

modifiec by using a conical shaft instead of . . . . . . . . . . .  ~ _ 

used in the previous ins%allatlons. This revision considerably improved 

the performance of the spillw~y 

discharge from 11,300 to 14,000 

A hood was placed over the spillway entrance to form a siphom~ .... L i' ~. 

bellmouth overflow. The siphon primed successfully, and~the scheme ~ ~ 

offered possibilities although it was not adopted ~ at Jubilee Reset- ~/~ii 

voir. J~' - : 

The conclusions from these experiments were ~, . " ~- -~ 

"(a) That model experiments, provJ4ed ~the model ratioiis 
not too small, can be used to predict approximately~the ,'reiation '~ ~.~ , 
between Q and H for the prototype. 

"(b) That the .~;ate of discharge obtained wlth the proto~#pe 
will be better at corresponding depths than predictedby the model. 

"(c) That a stea~dier flow at high rates of discharge is ob- ~--  

rained by usin~ a co~n-ical shaft rather than the type of bellmouth 
hitherto adopted. - • 

"(d) That better results, as far as reduction of vacuums is 
concerned, are obtained with a nearly horizontal tur~nel rather 
than with one w.hich is steeply inclined. 
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k. 

j °  . 

ing "(e) That a 'curtain wail, extend :across the waterway si . . . .  

so as to divide the bellmouth into two s~mi-circular ~eirs~ ! 
the best anti-vortex device. 

"(f) That the cross-sectional area of-the ¢ 

approach should be such as to limit: the tangential velocity to 
3.5 feet per second at any oross~seoti:on. : .... "." - i- 

"(g) That the tunnel should be-madeof.such ~cross. - ' " ~ ..... 
sectional area as .to prevent~:the rformatio n of considerable 
v a c u u m s ,  . '.~ 

~(h) That the radius of the.bend where h,~f.t joins., 
the tunnel should al~o h~ ~,,~ o, *~ ,-i.._~':~= _ ~.. ~ 

In "Mode] Experiments of Bellmou%h:am Overflow 

Spillways." Institution of Civil Engineers~ r 19S8- 

January 19S9, G. M, Binnie describes in greater detaill/~the experiments 

on the Jubilee Reservoir spillway, 

In a paper, "The Use 

Tank," Proc. Royal Society of London, Series A, 

A. M. Binnie describes an investigation~concerne 
219, 

b e -  

limit to the discnarg~ through the overflc ,/de- 

pending upon the form of• ~.~e inlet and the Lr- 

~ually refused to pass more water. 

In ~Laboratory Experiments on Bellmou.th Spillways," by A.M. " 

Binnie and R. K. Wrighz, Institution of Civil En£ineers, vol. 15, 

November 1840-February 1941, .there are descriptions of further studies. 

The apparatus was a circular tank with an overflow pipe ~In the center~. 

r~ose inside d~ameter was 1 inch. Different types of bellmouth en-. 

trances could be placed on this overflow pipe, and different types of 

tailpieces could be used below it. Water flowe~, into the ~makin a radial 

manner, so the stream filaments approaching the entrance were radial and 
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there were no tangential velocities whic.h could cause vortex flow. :.~An 

apparatus was developed for measuring air. ' ~: ,~ //ii,:!~ i 

The tests studied two types of bel~mouth en~ llow 

bellmouth~ and the other, a deep, conicalbellmo~ d at 

the Jubilee Reservoir spillway. Seven tests were made.:wlthleach/en- 

trance, by changing the tailpiece, or 

(1) The tailpiece was a l-in 
unobstructed,. • 

(2) The same as :(I). with an 
meter at the exit. :::"~ 

(3) The same as (1), with an orifice 0.687 inch' in dia- 
meter at the exit. 

(4) The same as (I), with a horizontal pipe 20 feet:long ~ '>~ 
added, being connected to the ve m 
90-degree bend having a radius O 

(5) The same as (.4), .but ~v~than orif 380~.inOh in 
diameter at the exit. !i ~ ~/; i ~: ~ i: ~ ::~: 

(6) The same as (4), but with an orifiCeO.687 inch in ~ ~ : : 
diameter at the exit. . . . .  ~ii:ii :. 'I: ~ ; }..i[!. I 

(7) The same as (4). but wlth the exit connected ~o:the ~ ' 
suction side of a pump. • ........ " ~!i I/" 

The resul~s of the experiments ~-~. 

"(a) Whatever the arrang 
piece that was,tested with rising head Under ideal 
there was a~ first a quiet stage with no important 
of air. Thl- was foliowed bya noisy phasewhen~the air;in : ~ 
the ~ ~or~, of bubbles was drayed, down; but~the air flow diminished ~'~:''{~ 
as th~ head increased further. Above a~sharply marked critical 
head. the bellmouthand pipe ran full and the waterf ::~.~\~':, 
mained almost constant at i~s critical value.'~ Below ~:- 
ical head the bellmouth acted as a weir; the WaterTlow Was nQ~: .~: 
reduced by the entrainment of air. 

"(b) At heads above critical, no permanen~ vortices were 
formed. Transient vortices were more common with bellmouth B 
(a s~hallow, cu ~d trumpet) than with bellmouth A (a deep Cone). 
This result is attributable to the large negative pressures 
generated in bellmouth B near its crest. 

..k 

>! 

"(c) All of the critical heads and water flows for the 
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various tailpieces •attached to either bellmouth lay on the 
head-discharge •curve Obtained withlthe ~ailple~e thati'~;caused 
the greatest flow. This result ~can e utilized when the <dis- 
charge through a new tailpieoe is to be predic~ 

"(d) Owing to the :better:~form uf the cr, 
cient of discharge of bellmout}i A wss~conside: 
that of bellmouth B. An improved /~nd practic, 
mouth could therefore be designed, combinin[~ t.~m :upper par 
the former with the ~lower part of the :~[,att~};. ' 

"(e) When a:snm~ll :tangent~ 
the water enterin~ the:.bellmout} 
were practically unaltered but ,S 
reduced considerably. At heads 
tex was formed. ~" 

. 

~.~ 

Connor, A. P. 

"Glory-Hole Spillway." Rower Plaht En6ineerln~, November 1933. 

Description oz' control at Owyhee D~n, Oregon, by. ring ~ate, 
vertical spil!way intake into a horizontal ~unnel. 

Jaeger, C. 

"Notes our le oacul des deversolrs de seuils." Bul° Techniquerde 
la Suisse Romande, v. 59, n 13 and 14, June24, :1933, pp. 153-58, 
and July 8 ,  pp. 186-69. ~ " 

Theoretical study of rounded cr~st .spillways and weirs; compari- ~ 
son of theoreticel formulas with results obtained by Esoande, 
RehbocK, and other European experimenters in hydraulloS. 

3~ 

It was pointed out that the model ~on ~such a ,~sma-ll/~cale 

it would be unwise and unfair to a~tempt Co v ~the~..irssults to a 
? -÷ 

larger structure quantitatively, especially measurements ~of air, :: 

Discussions of this paper are glven in the:Institution of Civil -~ :r,,[ I 

Engineers, vol, 16, March-October, 19 ~ ,: 

- 

"Calaveras Dm~ Raised wieh Dry Fill and?Pudd,led :Co~e;" -:Engineering ~! i] 
News-Record, vol. 90, No. 13, 

J Additional material brings to 
spillway and ~new outlet tunne 
glory-hole type. ~ ~ ~ :!:, 
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~/an l~jrman, H.A. ,+ 

"Bouquet .Canyon +Reservoir :and" .Dam' . °' 

A gen 
a n  o a r s . ,  

• .,.+, • ..... m . . . .  

6. Akhutin, Prof. A: N. ~" ' 
+ , 

Article on above subject, title 
Stroielstvo, -Aprii 1835. (Russ: 

7. Park, A. G. 

"Model Tests for'Beil-Mouth ~ 
Encineers, Prec. 1937-1838., 

+ + 

Re port en tests of spillway for ganuherlk 

+- 

. 

'e~in~, ,vol. 4, ., 

Call fer~ 
UC% • ] 

hole, h, 
and de s 

A n o n y m o u s .  - + 

"Tests of Shaft Spillway Models., Engineerin~ News-Record, i06t~ 
17, 1835. , .:, ': 

An outline :of resulZs of tests.~o:n a sh~ft :Spi~l~wmy f< "" 
posed Sulak Reservoir in northern Caucasia, +U.S.S.R. 
smaller shaft spil, lway for the+Sion Reservoir. The , ii:: 
way for t~e Sulak:Reserv0ir, 31 feet in diameter, w i  ,~ I 
drop of.656 feet, was designed.to+i~.ss a~disoh~rge of:60,OO0 .i :! 
second-filet. Air in:letswere ~ueed".:to " + .... + ..7 ' 
in the shaft. The smaller shaft, for ' :  - :./+ 

capacity of 14,400 second-feet •when %h . +g~  .: ' 
the lines of the Owyhee :shaft i.spiilway in !..Oreson;; i Training V~II.s .~, ' ::.. ~'~ 
were found necessary to pre~ent vor, tex ~ao~ion. 

+ • .... . / -l:. :il+~: + 

+ 

rdr ore C hnioh eskoye 

-+ 

i 

and Inst. 
, .'138-45.+.i:- _ 

w 
Zealand. Designed , in accordanoe-~th-th '. 

Davis Bridge Dam :spillway inthe united States, for a £1ow,of 
13,500 second-feet, .with head :over crest of 6 +feet. " L~:i:,:~ 

:+ . . . . .  • +~o:&/': :: ~ +.~ ..... 

Jorissen, A. + 

"Le Dersoir Circulaire in " ~ ~ .... " mlnce raro.+i. Revue Uni~e~sellc ~des 
Mines, vol. 14, No. 13, Cec 1938, pp. 823-32. 

Study of circular, thin-wall~d, overfall weirs, .with special 
reference to causes of' variation of coefflcient of discharge. 

,'3;~. 
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II. 

12. 

13. 

Buz~ell, D. A. 

"Keystone Dam Spi~llwayModel." E ..... ' 
No. 15, April 14, 1938, p. 542. 

Description of is32 model "morni 
50,000 second-feet, under =onstr 
Crest of overflow~weir is i01 fe 
way tube is 28-1/2 feet. .... 

!r~/- " ~. kr 

20, 

f 
raska. 

Camp, C. S., and Howe~ J. W. 

"Tests of Circular Weirs." Civil Engineering (NY), vo1, 9, No, 4 
April 1939, pp. 247-48. 

Results of laboratory tests by ~Iowa Ins%itute of II ~Res~ 
for determination of 10oa~lon of upper ~rofi ~ : ~ '  ~ : 

lee o. ,~;napp 
of vertical, sharp-crested weir, circul ~ empirlca11!~dis_ 
charge formula for circular weir. 

Cannell, p.j. ~ 

"Method of Determining Lip of Circular Pipe SpilS 
neering (NY), vol. i0, No. 7, July 1940, pp, 45C 

Description of method for determining curve for 
glory typo of spillway by modification of~coordi 
lar spillwa~; test ~n circular model spillway. 

Smith, L. G. 

"Floa~ing-Ring C~.~.~e and Gl0ry.Hole 
Reclamation Era, vol. 30, No. 8, ~ 

Description of glory-ne!e 
noted for its unprecedent~ 
diameter, having 12-foot , 
ring gate/ description of =.~. ~.~÷. 

performance. 

Ver~oerd, ~ .  L.  

"Capaciteistbepaling an Volkomen en onvoleomen over- t 
afgeronde kruimen." Ingenieur in Nederlandsch-Inde , No. 7, 
July 15. 1941, .pp. II-65 - II-?8. 

Determination of capacity of weirs with i~Cully rounded and partially 
rounded crests; formula and values of discharge coefficient appear- 
ing in Rehbock equation; mathematical and graphical method of cal- 
tutti on. 7 

~7 
-A 
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1 4 .  Trahern, j.W. ~ 

"Design of Circular Spillway Modified to in~ Disorharge., 
Engineerln~ News-Record, vol. 131, July .25-27..i . . . . .  

Air *ms entrapped, with destructive results, in a vertical-shaft 
wasteway a t  the San P a b l o  ~ . . . . .  ' - 

• slgn to preven~ free fall le- 
trouble, an expectation ~( 
vised design. (Air was ejec~e~a - -  - J "  .... 
submerged exit portal ~nd caused s 
the tunnel linin~ at the portal.) I,~ ~ "i! 
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