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Danver, Colorado, ~anuary 15, i~ 

mOaAm  m 

BY 

Su.bJect: 

E. W. Lane, Research Engineer 
z 

Hydraulic Model Erperlmen~s for the Design of the Hoover Dam - 

Book 1 - Results of Visual Tests c~ PTellmlnary Spillway TYPos. 

The u n ] ~ ' e c e d e n t e d  h e i g h t  o f  t h e  Hoover D a m m e c e s s i t a t e d  t h o r -  

ough s t u d y  o f  many p h a s e s  o f  i t s  d e e i g n ~ t o ~ l n s u r e  ~bsolu+~el.7 t h e  s a f ~  F 

of the structure. The. spillways were one feature which dmman@sd .e~pe- 

clally careful attention. It ms fo,Aud necessary to ~o~vide for~a flee 

of 400,000 sesond-feet, which with the fell of 500 feet ~epresents~ ~-" 

energy of E~,700,000 horsepower, or about seven times the energy of the 

water passing over the falls at Niagara. Moreover, ~he veloclty of the 
~f 

........................................ ~--~~,e~-~.'~uld-~h--i~5--~e~ per ~eoi~l-~ or ~ miles a minute, which 

considerably exceeds that in any similar structure :no far constru~te~ 

It is obvious, therefore, that the greatest possible ears was neeesam~¥ 

to insure that these spillways would act exactly as expected, in 

that no damage might result. 

H i s t o r y  o f  t h e  S p i l l w a y  ~ o d e l  T e s t s  

To d i s c h a r g e  so  ~ r e a t  a q u a n t i t y  o f  .mater  ove r  t h e  t o p  ~of 

t h e  dam, p e r m i t t i n ~  i~  t o  f a l l  down t h e  ~face t o  t h e  r i v e r  be low t ~ -  

volvod great d a n g e r  t o  t h e  s e c u r i t y  o f  t h e  ~Bm f c a a z ~ t i o n s .  The 



large ~unnels which were necessary to divert the river during the 

construction of the foundation of the dam_Frovided a possible out_ ~' 

let for the water and woul'd discharge it back into the river ,fat 

enough downstream to insure the safety of the dam. Spillway plans 

were therefore developed utilizing these tunnels. The first draw- 

ings of the ~oJect using the tunnels Included one spillway of the 

shmft or glory hole type on each side of the river, but this ~s 

recognized to be only a prellmlnary~layout. When funds for exten- 

sive study of %he Project becer~e availQble, ell practlcal ruins of 

spillways were lald out and estLma~ed of them prepared. These in- 

cluded glory holes, side channels with and Without ~gates and varl- 

ous cumblnatlons of these forms. SPillways using an entirely amp- 

arate tunnel system were also planned and estimated. Itwag ev- 

ident that extensive mod~l tests would he_r.~.ces~y_to_Tab~.~yr_e - ................................. 
an 

econonicel and safe solution of this problem and these~exPerimonts 

were carried out along with the dosl~a and cost estimates. The 

neceaslty of providing a spillway form. which would discharge without 

Undesirable effects throu~l the long tunnels proved to be unusu~lly 

exacting, and the spillways as finally evolved represent the resu~It 

of a process of design, estimation, experimentation end e l ~ n a t t o n ,  

covering s period of more than two Years of Intensive study. 

The hYdraulic model tests Wore begun at tho hydraulic 

laboratory of the Colorado Agricultural College at Ft. Collins, 

Colorado. The first model 17ms of the glory hole typo on a 1:60 



scale designed for a capaclty corresponding to i00,000 second-feet 

in the protolype. As a result of the speeding up of the Hoover .Dam /r 

Project as~an enplo~mlent relief measure, it was necessary to make 

a decision on the general t~e of spillway without the extensive I~ 

tests on this ~odel as at f~'st contemplated. !~ 

The second model was of the side channel tl~e without 

• ~ crest z~ates :~lso on a l:CO scale desi~rAed for a prototype capaclty~' 

1234. ,5 ~ 
of lO0,OOO second-feet at elevation/" and i,$0,000 second-feet 

at the top of ~he d~.~.. Before the, ox~e~'i:~ents on this ~.~odel were i! 

co~:,pleted, ~ decision was made to increase the spillway ca~acity i~ 

to 200,.500 second-feet. The ne~:t ~:as a i :60 model of the side~ chan- i! 

nel tl~ wiLh a Stoney gate at onc end. ~nile oxpori=~ents on this 

model were boirt~ ~.onducted a largu 1:20 scale n~.odol of the side 

constructed laboratory at :.lontrose, Colorado. 

The Stoney gate spillway did not prove satisfactory but 

tests were conduczed on the model of it to throw additional light 

on certain difficulzies which had developed on the large drum gate 

crest model. Fro:,n the results of the t.:sts on both these Inodels a 

new 1:60 drum gate design was prepared and tested at the Colorado 

Agricultural College. After many chan~es were made a satisfactory 

form of spillway was developed and a 1:20 scale model of this form 

was built at the ~.{ontrose laboratcr-j for purposes of comparison. 

3 
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;Experiments were t h e n  undartaken .to develop-the .form of i: 

spillway crest giving the greatest discharge capacity. This work 

was carried on at the Colorado Agricultural ~College labora$~ry. 

~r~n these experiments a more efficient form of crest was developed 

and useful data was obtained for the demlgn of the crest:ga~es. 

Forms of crest suitable for other forms of:~te and~for 

ware also developed. 

free .crests 

As a result of these studies, the crest o f  t h e  .side ~c~- 

nol model previously developed was altered to increase its-dlae~. 

Models of t~is ~-Im~l ~osign wore" constructed on :scales of I:I00, ~---- -~ 

and 1:20;/. ~parisons of the rosults of 'these modols ,-i~dlea%ed ~ 

that sub~tantlally similar resultm wou~d ~bo obtained" oa~tho ~prote~. 

The spillway model testing work ,at ~.tI~e ~Colorado~:AKrloultu~ 

contInuously until ~April, 19~2, a lar~s :part ,of ~he %1~ :using 

shifts per day. Tests on the 1:60~i:I00 moAels~of ~he~flnal-6o- 

sign were serried on intermi%1~Lu%ly fr~ Septe~.,~r, ~I~2, : ~  

I 
Yanuary, I~53. The p l a n s  for t h e  i l a b o r ~ t c ~ : a t h ~ o n t r c ~ m , w e ~ e ~ k 4  

f 

in l~brmary, 1931, and it wu~ completed !In JUly of ~t~t :ye~. ~,~4 
i 

at this laboratory were carried on contlnuously ~frmm~1.V u~£l 

clomed Sown by freezing weather in Dic~ber. IR~rk was reeummd ,In 

A u g u s t ,  1932,  and  c a r r i e d  on f o r  abou t  f o u r  m o n t h s .  ~ ~ q r ~  

small moAels not pmevlously mentloaed, a total of olevon ,modela  

were tested, many o f  them with a large number o f  variations, usl~ 

4 
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linear scales fi-cm~ I':I00 to 1:20 iinvolving discharges of,2 to IIS 

second-feet. Ii 

¢ 

Throughout the entire series of tests, close contact ~s 
!i" 

developedmaintained with lj the! designi!:!g department In, order that the ~lans l!i 

shouldi~ be sound not only from ~th'e hydraulic ~but alsm f~om 

o !iI ~ the struc~uraZ and construction standpoint. :~ 
~ ,: i[ I 

i [  - ;, 1 } h { 

.__ ..... ~he S~ill~ay.?.:odel Tests 

Thc z'esults o, the ,,~m°~'el, I' ~ tests 7~ere highl'~ satisfactory.~! 

The form developed is shovm by thl~ ~ drawings of the ~s!Pillways on the 

and Nevada si~es of th ^~- - - 1 
' .o L:OzOradOll River ~shownl~on Fi uses 1 

- CI, ~ .... ~v~]~u~ ~ne spzllways with respect to 
~ i! : ,~ ~i . 
~nc dsL~ and othor~ features of th ~ i~ ..... i__ _ . , 

i ~ ~uvuxo~mon~ is shovm on Flannel ~ ~' .... 

Those s:)illways c~:,uly sat is~ .... II . !! - , 
rosul~II~ 

from the un rccedcn ~ " " " 

P'',~ . ted rcsgnitudo of~ the Hoover ,Daz.~, at a reasonable 

cost and with the assurance of abso!uto safety. ~ 
Without these ex- 

per~ents, the same de ~ I!~ ~ ~ii 
i ~ Y could only have boon obtained 

by the use of plans costin ~ sovera!imill~o n dollars m~re than) those- 

adopted, and the savin~s made I, ~ ~/ 
possi~bloli by these tests I'havo unques- 

tionably Justified the extensive studies which were 
1 ~carried out. 

~e benefit of the testa ~h' owever, I II 
, ~vill not .be conflnod to .the Hoover 

Dam alone. Ideas have been investigated~, and principles and date have 
been developed which will be of great benefit ~In the doslgn of future 

installations of many t3~es. In order that information may be used 

on the future spillway problems of the Bureau of Reclematlon and 
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othcr enginecrin-~ a~':;cn9ics, the followin~ rupert of the tests has 

been ~'cparcd. 

!{ydraulic I~bcrat.ory of' tLe Colorado A.~'icultural Colle~,, 

t /  

Fi'~n.,rc a is a dra..'in~: o2 the laboratory showing ~6u loca- 
O 

tion of the models first constructed. Eie flow was obtained fro,.: a 

reservoir of 30,CO0 cubic feet capacity located upon a hill behind 

the labora~o:.y (Plate l-B). ~e flo~ out of the reservoir v, ms con- 

t,'olled by ~, .,an~-o }erased ga~es; From these ga~es ~hc dischar.se 

passed into a wci~. box 19.5'~feet .!oz~, l0 feet ~ide, and 7 feet deep~ ~ 
T " 

In the side of this box 13 ~ ,~ . AOu,., u:)streaL, from the w~ir was a bypass 

which was controlled by a movabl~ crest, and another of smaller dis- 

charge controlled by a valve. Fine adjusZzents of the quantity dis- 

charged tJ~ough t~-c model w~re made by varying the flow t!~ough these 

bypasses. The head on the weir was observed by means of e float gage 

By the generous permission of the Co]mrado A~'icultural 

College, the s,.all scale exper~euts for the design of IIoover Dam 

sDillvrays were carried out in their hydraulic:laboratory (Plate=~ 

, l-A) which has been described in detail in the En::ineering News 

page  6C2, Vol .  70, O c t o b e r  2 ,  1913.  The f a r . i ] . i t i e s  o f  t h e  l ,~bor-  

a t o r y  were  a d e q u a t e  re'- t e s t s  o f  mode.!s o f  : [oover s p £ 1 1 u ~ y - a s  l a r g e  

a s  1 : 6 0  s c a l e .  The D~'.-.r,.~is'Jio~ to  use  the  l a b o r a t o r y  and t h e  h e a r t y  

c o o l ~ e r a t i o n  o f  t h e  co ! l~ 'ge  s t a f f  ~nd o f  the  s t a f f  o f  the  U, S° Bureau 

o f  ~ i c u i t u r a : .  E u g i n e c r i . ~ ,  ~,';-,o o z ' d i n a r i ! y  use  ~.he i a b o r a t £ ~ . y ,  has 

been  ~3~eat ly  a~2~recia t e d .  



other cnGineorin,~ agcnzics, the f6llowing report of the ~t~osts has 

c 

been ~'epared. , ~ 

Hydraulic Laboratory, of tho~Co~lorado A[~'icultural College ~ 

BY. t h e  gene rous  .Dermissiort  o f  t h e  Comrade  A g n i e u l t u r a l  

College, the :s~.~all scale experime:.~t~ '~or the design of?IIoover D~m 

s p i l l w a y s  w a r e  c a r r i e d  out  i n  : t h e i r  hyd.~aulic 21aScra to ry  ( P l a t e ,  
r~ 

l-A) whichhas been described !in/:do~l in ~the ~Enelneerlng :News i ~ ,: 

page 662, Vol. 70,'0ctober 2, 1918~, , : The faci].$tXes ? of the  i l abo r -  

story were ade~luate for tests of ~ode~s.~of Xeover:spill.un~.z~as 'large 

as 1:60 scale. W'o ~ ~ , ~. T.~ p .r..u~s~on to us. ~, the ~laborato~y and the hearty 

cooperation of the college staff a~d of:the :staff of the U. !S, !Bureau 

of Agricultura.l Engineerins/~who ordinarily use- the ~laboratory; has ~ 

been greatly apRreclated. ~ 

i,-~i~z, ro 4 ~is a .ira'.: in:% of t~e ilaboratory showlngthc :lees- 

tion of the nlodels first constructed, Tlle~flo.~w~s~obta'~ncd :frol,1~e 

reservoir of 30,000 cubic feet capselty located UP~on~e~.hilli~behlnd 

the laboratory (Plate .I-B). ~..ie ~lo'.1 out of the resor-voir ~was con- 

trolled by hand-operated ~ates.~ ~ Fro~.~ :these gates the ~dischar.~e 
z 

passed into a ",Ioir box 19.5 feet !o~'.~,-3 l0 feat ;~£de, and ~? ifeot~deep, 

In the side of this box !3 foot uDstreaL: from the weir-was a bypass 

which ,was controlled by a nmvablo c~9st, and another of-smaller dis- 

charge controlled by a valve. Fine adjustments of~the quantity~dls- 

charged tl~ougJ1 the model were made by ~arylng~tho flow ~2,~ough those 

bypasses. The head on the ~oir ~s observed by r,lcans of a float ~age 

6 
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P L AT E 1 

A-THE LABORATORY 

J 

B-THE SUPPLY RESERVOIR FOR 
THE LABORATORY 

C THE WEIR BOX AND MEASURING WEIR 

T H E  H Y D R A U L I C  L A B O R A T O R Y  OF 
"ri lE C O L O R A D O  A G R I C U L T U R A L  C O L L E G E  



similar to that developed at the Cornell University.* The:gage was 

m 

*Trans., ~. Sac., C. E., p. 1154, Vol. 83, ~1920. 

located in a stillln~-pool connected wllth a main~channol by a pipe, 

as shorau in Figure 4. 
I 

The discharges for all of the tests except the series ~to 

determine the best crest shape .wo~'e measured by means of elthor a 

90 ° V-notch weir (Plate l-C)or a 2' Cipolletti weir, both of which 

had boon voltLmetrically calibrated. For the oxporJ-monts on the drum 

gate model, the crest of the Cipolletti .weir ~,~as somewhat :su~mrged. 

To dotormlno tile discharge for this condition'nn extensive set of 

voltametric calibration tests ~ros ~lso made. The location :of the 

glory halo and first side chsmlel modols are shasta on iFigure 4. 

q 

:! 

The llontrosc Lnboratory 

Because of the troz:ondous po;~cr of the v~tor to be handled 

by those spill:rays it ~as b~iioved to bo nocessa~Ty to ~aho every 

reasonable precaution to insure that they would IXmction in the man- 

n~r desired. %t was therefore docldcd to bui~id a model on,as ~largo 

a scale as ~7as reasonably possible, in order to indlcato any dis- 

crepancios bot~Tesn the action of the •model and prototype which might 

arise from the srzaller size of the model. A model scale of 1:20 7~s 

dcclded upon for those tests. This required a discharge of 112 second- 

foot and a fall wi~hln the modal of approximately 3C feat. As no 



laboratory r~as avuil~h!o which provided 'satisfuctory faciliti~.s it 

~as decided to build onc on tho Uncc~,ipahgro Irriga'i;ion l~.ejcct at 

:..ontroso in southwestern Colorado. At this point a drop in the 

South Canal provided a fall of app-'ox~atoly Z0 foot and a flow ~of 

200 second-foot or more throughout the :irrigation season. 

Fi&~tre 5 is a drawing showing the layout of the laboratory 

constructed at this point and Plates 2-A and B show the appearance 

when completed. The water wus tahen out of the ditch above the i/ 

chute through t~to ,18" circular ~ates shown on :Plates 2-C and 3-A. /~' 

A chec:~ controlled by 4"x4, needles (Plates 3-B and C)was installed .j: 

belo~v the ~ates to raise the water in the ditch sufflcient~- in times " y 

of low flow to permit the diversion of the desired qunn:tity t~n, ot~h 

the., laborato,~.y. .wh.om the inta:.:e ~ates the water ',,as,~cd t~n-ou,qh ~~ho 

two b~r1'~ls of the inta::,~ gate structure into the upper end of the 

weir chann,~l. This channel was of wood fr~.lo construction , 12 foot <, 

wide ~:ith walls 8 feet high. The total lo1~th of. this channol up- 

stroa:.l f~'cr: the ~;cir ~s 80 foot., At the upper end ~toro located 

t.~n~oo suts of b~:f-'L~s to quiet th~ :xttcr approachinc, the u'uir (Plato 

4-A). Thuso b~fflos ~:oro built :~i~;h y.anols of cross slats. The 

spacing of the sl~'ts ~as ~riod as a result of oxpcrlmonts un$il a 

very uniform distribution of thu volocltlos ~as obtained in the chan- 

n~l epproachln~ the w~ir. 

At the lo~tor end of tho "loodon chalmcl ~:s !ocatod the 

weir box and moasurlnc ~Tcir (Fi@x~,o 5). Ill order that the elovution 

8 



| ~ # 1 " "  ; i l • _ . _  _ . - 7  . . . . . . .  

.~=':'.~ ~L. ' ""." 

21 ~+lgt i , i i  l ,  q e ~ .  I - ~  , ~  
m ~ ' 1 . ' : "  <, " ~  + ' 

, . .  I . , t  +.''L' " 

, , , . , , , , ,  ~ ~ . i l  +-~+ " . . , u  .... ' :  

"""":  ~ .  ~ :  ~ ++moo -"~N+ 1 

"<:. ' r .  oo,1# I+/s 

O~ .Oi l  fd.~ 

6 q l g , d ; ~  e/S 

| 

i 

W l O I  IS 

i l l  

• ~ o ~ ; ~ g  

'It i JJ 

• ~ l l l  I 

+: U 

. ..-. !. 

• .~+ "I if~,. < " 

, . . F .  

° .+. }: 
t " J  

q 

I 

i 

2- ~ " 
.%5"~_ " ~.,=t,'e-~ ., 
~," '~ ±I "- 

I " ~  ,,;I P [ _.; 
,,J . . pa  , ; i  & " 

m 

i 

_ " B Q  

J 

, , . . q  

" i 
:m 

b ma • 

mf ~ 
t=';' 



T ~  ~ : . ~ _ ~ ' - - . ,  " "  



"*. - '.E" " ~ D ( ; A T E S  Ol :  M O N : ' R O S E  AE,','30:,-,~/-, F£1~-; • ~ - C H E C ~  I N  Dl l"C~.~ '.,'v.-~TER FLO~," , ' , ' .  



, ]  



,Q 

of the vlolr ::c rost~mlghti not "be ~'sub J ect ~to :'change, "~;tho':.welr ~box',waS" 

const£ouoted, o£~'.concroto :~and: rosted::ion :;the :~sdlale: bedrock. 'The :~:sl~do 
, - L 

~ralls and floor'were ~nooth. :;.T.~o dralns:extond~d~tl~rough,~the:,-floor 

of the weir box b- • ' ~ :. < i ' : 
- :, y means~, of ,which .,tho',:v.o ir ktamL'?couldbbe ~'dralned. 

~o .~olr .~as:a ~duplicato;, of ~:tho Frsuucis,:wolr ~-,Wlth.~supPress@di:icon- " : : 

tr~ ct ions ,, ezc ept :,the t ~ the : length',was L!2 ~Teet ~,Instead< of,~the3 i0 fleet 

which' Francis:,used. -~:e'crest ~:as'4.6~feet~ebove':the~'floor..and'- ,- ~the 

walls,-were:,0ffset'dormstre~n:fr~m the rest to::permit~aerationcof,,~, ~ :, • .... 

the napoe. :The, ~ei~ .~late ;~s built ~ up:'of :~teel:,~la~e:and.~:structura_ 

steel shapes, (Plate~,_B). ~ecrest'w~s fo~ed:of~a ste@l,angle,with 
-4 

her izontal: crest" i/4- ~ .~ide. :Care was tahen, to ~ keep the,:upstreem ~:face 

of the ~eLr smooth.- in~:tho ~vici=.ity,~of 'the.-cres~and r to !~keep~,-the,,uT~. ~ 

strea,u corner<true ~,and:sharp. Vel'~:i~ooth-condltions of'ZlO",Vr, OV.~r 

the we ir were'obtainsd (Plato <-~C"i • The 'head :on:~he,,~wo ~_~ ~<was 

observed on: Z'loat gages of the Cornell~,type: set in-!concretu: plts,.0n 

elthor side of the ~Teir box (Plato G-A). 'Tho::scales were i,h0ldiln 

metal frames :att"ached t o the 'concrete In<: order ",:that tthe ~:zeros~,ralght 

not be changed by~s,..,~,!!LUg~ . Of~the, wood. The float :wells :,were :.connected 

through a short :sect ion-of, rub~bor~<L~amdeni hose ~:to ~plezomoter ropenl~gs 

in thu wo~r: box .~alls, uhlch opened,"6, oct 'upstream und3.1;O ffeet~belo~ 

the weir cromt, as on the Francls ,~oir. 

After :pass in~ over the we ir t the ,',~. ~or ':t u~ned,:at :'r i@ht' angles, 
, -~ 't 

passed t.hro~uh another sot of ~".fflos (Plate 5-B):Into an ~xp. andlng 

foreb~ay at the end<of vlhich :rdo locatodthc:spillT~y r.:c'del. The 

,9 
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peculiar shape of the:laboratory wms'_'diCtated:by the~necessity:of " 

having the water ap_uroach~the model at:rig,ht angles ~to t~e.spillw~y 

crest. After. passing ~.through i~the ~s~illway ~:and-~tunne! model, tthe 

water was discharge d into a :~,rectan&~Alar wooden: flt~me which ~:amp~les 
) 

back into the irrigation:canal (Plate~5-C). 

~D 

THE,. GLORY HOLE ~, ~ILLWAY,:-.EXPER I~TS - ~ MOI~L: C"l 

:The prel.tminary drawings of ~:the ~Hoover iDar~:'w~re made =with 

spillways of ~the glo~,: hole or 'shin f~ :type, ~but :,this was merely :~a ~sn- 

tative desi:?;n, as:it ~s expected :to~msd:e ~extonsive mo~el~experiments 

and base the sulection on the~results:ob~ai~m'd:from ,the,::. :The ~desi~n 

of : this :type ~ of spillvmy conte~npla ~od :, a -discharge ~ of •iO0,O00 ~seeon~- 

fact for each shaft, ~ith the water ~:sur, face ~In:the:reservolr ~at ~EI. 

. I R 5 4 . 5 ,  half-vmy up the :~ parapet, wall , . o r  ~2"i/2 ~feet ~:abovo ~the ~ ¢ o ~ )  ,:. o f  . . . . .  

the d~m. In order tomeet ~the co:~iltlon ~speclfled;for~ ~thc ~H~Ver " 

Dam Project, that the dlschargu from.a ~flood as ::~arge ~as :that :in 

1884 should be carried saf~ly~ ~in ~the~river channel :,below ~the ~M, 

the two: spillways .had to limit :the '. flschargo ~.to ~62,500 ~second-feet 

(not including power ~house-discharge) at:~El. ~iP~@. 

The spill~y designed ~ t o :  meet ~:these :two ~requiremen~s -with 

the prototype dimensions is sho:'m on~:~qure 6. ~It.consistod:of..m 

circular crest 234 feet in idi~-ztor of :ogeo cross section ~below~whi@h 

was a morning ~lory shaped funnol leading to tho~50-foot dlamm~er 

shafZ. The ptu.posc of the ogoo ~croat was to iEoduco a :hizh discl~r~ 

lO 
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coefficlont, in order:to give a .largo discharge per foot of crest 

length, as this ~.:ould enable a Sho'..tor crest Lto:bo used, :resulting 

in a smallar, ehcapcr~spillway. 

Tho model of this spil!:,my was~tes~ed in the ,~ hydraulic 

l a b o r a t o r y  o f  tl~e " C o l o r a d o  . .~2~lcu l t - .x~a l  ; C o l l e g e :  a t  -:.~-. i c d T l i n s ,  ~ on  

a scale of 1:60 or .i" = 5'. The relation of r.the.~ quantities ::in'.-the 

m o d o l  t o  t h o l e _ i n  t h e  p r o t o t y ~ g e  f o r  a i . i : 6 0 s c a l e a r e  ff, iven21n~i%l~able;~I. 

The model of the glory hole:~for convenience was~ designated 

as the C-1 model, the C indicating Collins, and~the ~l that :it was .~..e 

~ first model tested there. Thus ~f-4 indicates the fourth }~odel~tested 

l~j-a~ .:.onarone. As the tests described in~.this ropo~t ~mre~.car~4icd~on 

with models of several different :scales, ~3ach of which had ~differont 

discharge an,) other relations to 'the prototypo, a :great deal :.of ~ con- 

fusion will be avoided if the corrospondin~; dimensionsanddlscharges 

of the prototype arc us..d rather ':titan tho~actuai quantltics~observed 
_r 

on thu model. This will cnabl.o comparisons ,~o b:; irmdo between .the 

p~rformazce of :aod,.is of differ,~nt~scalos ;t!thout ~tho :necessity o f ,  

roducing the v:.lues onono to tho,~corrosponding valuos on ~the :othoz. 

Moreover, it will enable one to visualize and-appreciate the ~ruo 

significance of the off~cts~asthey:wouldappcar ~in the actual spill- 

way in a way that the expressions Ln torus of the actual model aize 

could not dowithout a gr~at deal of computation. Throughout this 

report, thoro9oro, all quantities such[as lengths, :~levations and 

discharges, ;7ili, unless otherwise s~atsd, be ziven in totems of %]1o 

ll 
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corresponding quantities on the ~prototype rather than the actual 

quantities observed on the~odel. 

The discharge ~tkroug]~ ~the model~was measured on~a ~2-foot 1~ 

Cipolletti weir. The water was ~led~to the spillway through e series 

of baffles, which produced ~still water upstream ~from the •structure. 

The crest section of the spillway was built of paraffin. ,The~paraf- 

fin block v~s first cas~ approximately to ~the ~shape desired and ~then 

cut accurately to dlmensions by a template in the form ofra ~ffe ~or 

screed which was revolved about an axis in the :center of the~spill - 

way sheftas shown on Plate g-A. ~The completed crest section ds 

shown on Plate 6-B. Although paraffin made :a rather<soft,model, ~ 

easily scarred•or nicked, i~ was easilylpatcheduand for this~type >~: 
J 

of model is believed to have been as easy ~o bulld~and ~sstisfactory 

in its operation as could have been secured with any othermatenial. 

r • 

Some checking occurred, but this could he easily:remedied, i the ~only 

permanent change being to  the  appearance .  The v e r t i c a l = t ~ e l ,  v e r -  
c 

tical bend and horizontal tunnel were ::formed of iltranspa~ent :pyrailn, 

a material similar to celluloid, !in order that the action Of ~the 

water within them could be observed. ~ The various sections of ~the 

bend were made of~pyralin sheets i~i/8 inch thick, formed in!a hydraulic 

press. Thestralght sections were about 18 inches long, flanged at 

the ends and with a longitudinal butt ~Joint with onts£de strap. The 

90-degree vertical bend .xas r~ade up of four 22.~-degree flanged bends, 

eech bend bcln~ divided into two similar flcnged sections on the plene 
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passing through the center llne of the bend. The g0-degree ~bend ~was 

made in sections in order to facilitate construction and to,enable 

experi~,~ents to be made with ~2½~degree, 45-degree, or 6?~-degree 

bends also. 

Results of Tests of Glor~,Hole~]~od@l 

As a result of the speeding up of ~the Hoover Dare,Project 

as an employment relief measure, it~was ,,necessary~to make a declsion 

on the ~general type of spillway without the extensive ~.tests at first 

contemplated. In order not to delay work,on the sido.chsnnel~models, 

experiments on the c~lory hole type consisted only of visual observa- 

tions and photographs. 

In the d~slgn of this form of spillway it was as~mmed~that 

the water would flow over the crest and toward the spillway shaft in 

a radial direction, which would ma:0e equal depths at all polnts equal- 

ly distant frc~ the s~wis of the shaft. This would ~pro~uee a~smooth 

condition of flow in the crest auction and'down the vortical shaft. 

The model showed, however, that thle condition wouZd not be obtalmed 

in the spillway. A distinct concuntratlon~of flow occurred aloz~ ~the 

radial line from t~io center to the point at the bcck~eide of the 

spillway forT,:ed by the ends of the two approach channels, This con- 

ccntratlon took thu form of a ridge, across the intake section as 

shown on Plato 6, C and D. As a result, the water did not flow down 

the shaft equally dlstributod around the walls, but in a concentrated 

i[', 



stream that jumped across the top of the shaft from the canyon ~BII 

to the lake slde as shown on Plate 7, and dropped down the shaft with 

a very irregular .distribution. For v~ry ~large flows this rldge or 

jet tended to seal the top of the shaft and cause a suction and pul- 

sation which was very undesirable. This actlon:passed tJn.ough a 

cycle off tkree stages as sho,Jn on Pla~e 8. In the first stage, view 

A, the s~rea~.] flowin~ across the top of the shaft sealed the top and 

a suction resulted which drew the water down into the shaft as shown 

by view 5. ~en the vacuum in the shaft ~as~bro?:cn~by the entrance 

of air from above, a distinct piling up of the water occurred e%~&r 

the top of thc :haf~ as sho~.m in view C. This "~#as followed by the 

condition shown in view A ~d a repetition of the cycle. 

Studies were undertaken to obtain a more equal distribution 

of flow in ~he inlet section of-the spillw-ay. The concentration of 

flow was found to be due to the fact :that the water did not enter the 

inta-~e section in a radial direction. To brlngthe cost of the spill- 

way to a reasonable figure, it was necessary to se~ the structure 

Partially in an excavation in the side of the canyon and about half 

of the water passing over the crest is carrled to the crest in the 

excavated channcls A and B, in which the direction of flow is not at 

right anglos to the crest but fellows the paths shown in Figure 6. 

The water approaching tile crest, therefore, has a componon~ in the 

direction of the crest, ~d did not flow over it radially, but took 

an inclined direction as sho:rn by the stro~, lines of the figure. 

14 
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As the water approached ~the center of 'the~morning ~glory ~sheped ~sec- 

tion, more of it tended Lto concentrate at C andenter !the ~,shaft ~on 

that side, causing o dlsturbed condition of flow:at ~that:point. The 
,I 

di:'ections of these currents wore determined :by ~inserting c~loring 

matter iinto the water as shorn on~Plate O. View~A shows ~the~dlree- 

tion of the stream along the :ridge ef concentration leading from :the 

ands of the two approach channels. !ThisLwQs!:radial, ,a§ ~shown by !the 

black streak representing the ~path of the colored water~, ,since the 

flow from the two approach channels which were ~incXined :in ~opposite 

directions and balanced ~ach other. At ~90 ° ~to ~t~is ~line ~the tflow ~ 

was not radial, bu~ was nearly tangent to the tedgo :of the ~shaft ~as 

shown on view B. It .was the concentration of~ithese non-radial :flows 

which forms the ridge. 

It is believed that a more even~:idistributlo:2 ~of ~,the ~Tlc~ 

entering the spillway shaft could ~have ~been ~secured~with radial~ple~s 

on the crust and on the :earning giory JshaPed:section, simi~lar Lie ~those 

used on the Davis Brid~.o apillwe~-,~ It ~was ~intendod !to ~est ~this ~out~, 

. . | , 

*Th~ Hydraulic Design of the S~naft iSpillway ~for !~he ~Davis ~Brid&~ ~D~n, 
and I~vdraulic Test on ~.~eri:inG Models, Lby!F0rd~Kurtz, Trans., ~A. ~S.~, 
C. E., p. i, Vo!. 88, 1925. 

" ' i |i 

and a sm,~owhat similar sot in the approach channel, as ahc?m on:Plate 

9-C wore tried out, wi~h sox~cwhat favorable_results. :However, the 

effect of the impact of the ~er at ~the bottom of the vertical ~shaft 

would obviously be so much more severe oven with a parr, or distribution 

15 

f 

r " L 



~.~ ~ . ~  ,~  ,L, ~ o l ~  i~,o- ~rJe '~ \  ~, , ~ , ~ ' ~ . ' , ~  ~ 



of flow than after sliding down the inclined shaft :from.the slde'chan - 

nel; with the unprecedented velocities resulting from thu 600-foot 

drop at the Hoover Dem it was believed :to be ~safer to use the side 

channel type, and as an ~umnediate decision on the workmen the glory 

hole general type was nece.-sary : in : order :: not ,to delay~the work, the 

side channel type was adopted and the model discontinued. 

SII~ CI~NNEL SPIILWAY EXPER~AENTS - ~ CRESTTYPE - ;MOI~EL ;C.-2 

The first side channel plan for the/Hoover !De~,1 contemplated 

a plain ogee crest without gates. "The deslgn~of this spillway.ls shown 

in Figure V. _~This crest had a discharge capacity~of 31,250 second-feet 

at El. IP~9 and I00,000 second-feet-at El. ~L~5~.5, the :same as the 

glory hole typep but'the spillway ,side channel and %he~.%unnel had 

sufficient capacity to .~ake care of the flow over the-crest up to ~e 

top of the dam: or approximately 140,O00.second-feet..~The ~model :.of 

this structure was also erected in,the Colorado Agricultural Colle~ 

laboratory on a 1:60 scale. The position of:the apparatus :is shc~m 

on Figure 4. The water l~asure~ent .apparatus was :the same as ,that 

prey iously '~e scribed. 

The Construction of ~the Model 

The side channel of this model was constructed of ~Ivanized 

sheet iron supported on sheet metal butlresses. It was expected %ha~ 

several sizes of channel would be tested and the buttresses were de- 

slgned so that various cross sections of channel could be obtained by 

15 
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alight changes of the position of the buttresses. The ogee crest 

of the structure was made of paraffin :!~?~late il0-D). A sloping floor, 

siz:ulatin~ the sloping mountain side intersecting~the vertical face 

of the spillway crest 35 feet below the top, was placed In the:ap- 

proach cha~mel to the spillway (Plate 10-C). The transition from 

the trapezoidal section of the side chamnol to the circular:50-foot 

diar~ter section of the tunnel ,"ms constructed of reinforced con- 

crete. It was built in halves, divided by a vertical plane along 

the center line. Plaster of Paris cores for the opening were cast 

around acct~rately spaced t~Iplates, shown on Plate il0-A. A rein- 

forcing of rods was built around the core (Plate 10-B) and "the tran- 

sition cast around those using LL~mite cemenz. When the cement had 

set the core was r~.oved and the two halves were bolted ~ogether. 

Three windows were cast into the top througJl which the flow in the 

transition could be observed. Thesewindows could be closed with 

concrete plugs accurately cast to fit the shape of the top of :the 

transition. The same pyralin tube which formed the model of the 

vertical shaft and tunnel for the glory hole model was used:~for the 

inclined and horizontal ttmnols of this model. The slope of ithe in, 

clined tunnel ~:ras 45 degrees with the hoi'izontal and the bond be- 

tween the t~o sections of tunnel was formed of two of the Z2~-degree 
bends. 
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Action oT~the ~ee C'~.est;:.'odel I C - ~  

The action of the spillway channel fer flows of 50,000, 

i00,000 end 150,000 second-feet is shown onPlate i!. /A flow of 

150,000 second-feet entering the t~mnel "portal is shown :oniPlate 

12-C. For these flows the nap~e passing over t!Le ogee crest plunges ~, 

under the water in the trou,~h and causes the water in the trough :to 

flow with a spiral motion, the 1::otion at the bottom of the ~'channel 

being from the weir side across diagonally to the opposi.~te :side. 

Under favorable conditions this spiral motion is so pronounced that 

the centrifugal force tends ~o move the solid water to the outside 

of the spiral and the li'~ter air bubbles are forced to the center, 

forming a core of air in the center of the spiral for ~the full length 

of the channel. Wllen the discharge was raised sufflciently~abmvo 

that for which ~the spillway w~s dcsi,Gnod, the depth of 'flow at ~the 

upper end of the ~rough is raised until the=nappe no longer ~dlves 

under the water in the trough, but passes over the top, as shewn !in 

Plato 12-A. This tends to cause a spiral in the trough in ~the ~oppo- 

site direction fror.~ that formed when th~ nappe dlves:undor. Further 

down the trough the water level is lower and the ~nappe still dives 

under, with the result that the spiral at the upper end tends to 

turn in a cloc!~Tisc dircctlon lookin~ downstream and that at the 

lower end in a countercloc:.~vise ~direct£on. At the Junction of these 

two motions there is an unstable condition set upand the pelnt whore 

the nappe changes from a countorcloc:~vlse to a clockwise eondi$1en 
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moves  up and  do,~n the c!~nnel o v e r  a considerable range, giving rise 

t o  a s o r t  o f  p u l s a t i n g ~  c o n d i t i o n  o f  f l o w  i n  t h e  c h a ~ i u e l .  The d i v i s i o n  

point between the countercloc!~ie e and cloc!~ise ro~ation~iis clearly 

shown onPlate 12"B. ~ " 

Scope of "~uantitative ZXperlments 

Soon after this model was c~pleted it v~s decided to in- 

crease the capacity of each spillt~y from i00,000 second-feet to 

200,000 second-feet. This necessitated a redesign of the spillway~ 

and while the office studies to develop the most economic design 

for this size ~cre under ~uy an extensive series of experiments ~scro 

carried out on this nodal to check the theory of Jibe side cl~nne! 

spill~y and to investigate Q ntunber of ~.~ys of reducing Its~cost, 

The basic theory of the side channel spillvay was dovol- 

opod by I,~. Iulian Hinds* and is based on,the assmuption that all 

i 

*Side Channel Spill:rays, Julian Hinds, Trans. ,. L 2 . ~ c . , : " C . ~ "~ l . , ~ p. !881 
VOI. 89, 1926. : 

L 

the energy of the r,~torfUllLug over the spill~ray crest is~disslpated 

ms host and the flow d~m thospill.-~y trough is caused only by the 

~ a t e r  surface slopoln, this chnnn~l:itsolf. 

There ~ero four series ofltosts, the conditions of eaah being 

a s  f o l l o ~ s :  

C~ 

I The s i d e  c h a n n e l  ~ i t h  ~ r e p e z o i d a l  c r o s s  s e c t i o n ,  a s  d e s i g n e d ,  

~ i t h  v a r i o u s  d t s c h a r ~ s .  

19 



II Various discharges with suhuerged weirs across ~the downstream 

end of the spillway channel to change the conditions!of :flow 

~ in it. 

III A channel with the sa~.e sides as the ori,~inal design but:with 

e flat floor at a higher elevation, formed bya ~false ~bottom. 

IV A channel with practically the same sides as the original de- 

sign ~t with the bottam forn:ed by a circular arc :~tangent to 

the sides (Plates 13-A and B). The~botts of the channel of 

this model was slightly hig~her than the original deslgn. 

}~vdraulically, the side c]~annel spillway is a very ineffi- 

cient device, as so much of the ener~" of the water which falls over 

the crest is used up in heat and does not cause flow down the side 

channel. If part of the energy could be used in producing ~flo,. along 

the side channel, a greater velocity in it v~uld result and a :smaller 

and cheaper channel could therefore be used. To a certain extent 

this can be accomplished b~j moans o " guido vanes or deflectors which 

direct the flowlng-- water after passing over the crest into a direction 

more or less parallel to the center line of the channel. Different 

types and combinations of deflector vanes were tried to dete~ime:how 

much could be accQmpllshed in reduc~1,~ the spi11~ay cost by~thls means. 

One type with vanes on the crest is sho~m on Platbs 13-C~and D. 

One of the uncertainties of spili~my dosi~n is the allowance 

~hich r.~Ast be ztado for the nil' ~-hich is entrained in the side chann~l, 

due to the turbulent conditions of flow existim@ therein. The theory 

~0 
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'as developed by Hinds considers,only solid ~water, but ilf.s ~quantlty 

of slr is entrained in this ~v~er, Its' volur~ is correspondingly i ln- 
l 

creased end the size of the channel necessary ~to carry it "is ~presum- 

ably increased also. Measurements were therefore ::made ,of %he alr 
i 

entrained in the flow t~u.ou,,~.h the~r.:odel. I 

. T h e  results of these ~tests were ~largely negatlve Tr~ the 
I 

standpoint of producing much smoother ~conditions:of flow 'in the :spi,ll- 
J 

we:,. They are of interest, however, fr~ua ~hydraulic ~standpolnt and 

will be described in detail in the later~portions~of%his reportj ~ 

~IE SYth~q" C~kT~A ~ SIDE Ci IqJ~L :~IIIIIAY 

When the decision w~s made to bui~Id :fore total ~spillwsy 

capacity of 400,000 second-feet instead of ~200,000 second-feet, ~the 

first design worked out to accomplish thlsincrease :in csp~clty con- 

sisted of a side chan/lel spillway with crest 71ength of 700:feot dis- 

charging 125,000 second-feet and a :50,fOot ~by 80-foot Stoney ~te at 

the end, nlth a capacity of 75,000 socond-foo~. ~This design was in- 

cluded in the contract drawings (drawing No. ~45-D-940). :Further stud- 

los showed ,that a reduction ~in cost could be obtained-by 'reducing ~the ,.. 

length of the spill~al, an d increasing the size of ~tho Stoney ga~e. 

The design -~orm on Figure 8 .was devolomsd which used a :400-foot crest 

without gates, under a 10,7-foot head, giving a discharge of!S0,000 

second-feet end a Stoney gate 60 feet wide and 80 feet ~igh with a 

discharge capacity of 150,000 second-foot. The top of the Stoney gnto 

81 
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when closed was~at the same elevation as the crest of the weir, and 

under certain conditions water passed~over the top of the gate. 

Stone~ Gate Model D.-5 

A model of the Stoney-gate- spillway ~'shown on ~Figure ~:8"~,~as 
~,, 

built on a scale of I:60 or ii inch=; 5 feet.at~'.the,.Colcrado,'Agricul- 

rural laboratory. Drawings of this model are given on_:~i~-ures 9,~and 

i0. ~ith this scole the model of the~spillrray,~not ;including the 

tunnel~ ~,~s about ? feet ~long and l~-~feet ~hi~h and,.the discharge 

throuc.~h t h e  model was approx~,nately ?.2-second-feet. The ~;relation 

between the model and prototype quantitios~is the same as~that~fur 
/ 

the glory holelmodel or a linear ratio ofl~60~(seelTablei!I~.. . 

The trough of the model was constructed,of ~e wooden ~i frame 

covered ~Tith galvanized iron as~sho,nnon~Plate 14. The ogoe~crest 

and the warped section belo~t the gates wore of wood. ~Afterassem- 

bling the portions of the model tho~surfacos representlng<;the~eam- 

crete wore painted with gray Duco and the remainder~red enamel, ¢~o 

contrast in the photographs. The:topography:of tthe :canyon si~e :i~In 

the vicinity~of the spill3oy .was of a ;Immellar wood,construction 

.~ith" b@urds of a thickness corresponding to ~4 ~ feet on; the ~prototype, 

which were cut along the contour "lines. The transition frcm~the 

trapezoidal side channel to the circular ~Inclined tunnel was con- 

structed of wood staves held in place by collars at Intervals as 

shown on Plate 14-B. ~ne staves were smoothed down and painted on 
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TABI~ ~I 

Relation of Quantities ~In Mudel ~Lnd~Prototype~ 

:In Terms 
~uantities: of_ N ~ 

Length : N 

Iroa : N 2 

Vo luz~ : ?,~ 

Velocity : N O.5 

Discharge : N 2"5 

TLm.c : N 0" S 

Energy : N 4 

Impulse : N ~. 5 

Ratio of.: Pzoto~uie .to Fodel ' "' 
: : : : ~: 

:For N = 20 :For N_ =l o 0 :FoI' ~ I:: = 164 :~,Or : N l = i:i00 :For, N" ~10r 

: 1,78~.0 

20 : 60 : 64 -: 
• 

400: 3,600: .4;096: 
: : : 

8,000: 216,000: 26"2,.1441 

4.472 : " 7. 746 : 8 : 

: 27,885: 32,768: 
: 

,'~.472 : 7.746: 8 : 

160,000 : 

35,777 : 
l 

i i00 : ~ 106 

i0,000: ."11;2'8, 

1;O00,O00 : ~l ,191,O1,  

10  • : lO;2J., 

1 0 0 , 0 0 0 :  1 1 5 , 6 8 :  
- o  

[3 

i0 : .~i0;29t 

12,9 C0,000 : 16,777,216 : I00,000,000 : 126,247,69~ 

1,673,136 : >2,097,152 : 10,000,000 : ;.l~ ; 262,226 
..... : : : 

N = Ratio of lineal dL-:ensions of:tho~prototypo to:those of the model. 

The model ratio is usually exprossed~in~terms of I:N. 

ii i , ', 
L 

./ ~ -/~i~ ~ 

"~j ; 



the inside and the outside coated with a thick layer of. paraffin ~ to 

prevent swelling. The model wlth-.the adjacent topography.is~ shown 

on Plate 15-A. 

The flow t.~rou~h the: model.was measured~on ".the ,: 9.-feot 

Cipolletti weir previously described. The ~ater~-surface~in ;.the chan, 

nel was observed by means, of.a point-gage :extendlng~down,frcm}level 

parallel bars above the channel as shown~on plate :IS-B..,~A~large 
j//./t 

n~ber of piezcmeters was installed-in the viclnity:.of the~gate ,.. 
i 

trunsition to observe the pressure there. The location of the:ple- 

zmmeter openings is shown on Figures :9. and ~i0 :.and ~the ,glass'~.tube 

gages with which the pressuros ..were -observed. as :shown~.on~Plato 15-C. 

~- . Outline of JTests 

A large number of tests~were~made on the .- Stoney :~ate me@el - " 

to deterzline whether reasonably smooth :flow' conditions, could ~be~ ob- 

talned in it, and whether it would have the discharge ~ oapacity :for 

which it was deal .gned.' A number of changes were~made .:in i.th~ ~ model 
i 

t o  improve t h e  f low c o n d i t i o n s ,  t h e . r e s u l t s ~ o f  w h i c h . w e l e ~ a l s o ~ i @ -  .; 

corded. The followlng is a~hrlef outline of the observatlons~ehleh 

were made in these tests: 

A. The Original Design. 

1.  Flow f o r  p r o b a b l e  condi%ions  o f  o p e r a ,  i o n ,  

~ .  ~w~l-ow o v e r  repi~.~VIliy c r e s t  o n l y .  

3. Flow through gate only. 



// 

~: 'LATE I 5 



B. Alternatives in the 0rlginal:Deslgn. 

1. Effect of dentated baffles on channel floor. 

2. Flew conditions with various:type s of Stoney:&~te piers. 

3. Effect of alterations in g~te 'approach~chanr.el. 

4. Result of lengthening the transition~.Jetween the rectangular 

gate section and the trapezoidal section of the channdl. 

5. Effect of guide walls at ends of ogee crest. 

6. Flow conditionswith raised floor ~to obtainfdata for drum 

~PTa t e design). 

C. Deterrlination of Discharge Coefficients. 

1. Deterr~ination of crest discharge coefficient. 

2. Deter~ination of Stoney gate discharge coefficient. 

3. Investigation of effect of Stoney gate draw down on dis- 

chsrge over weir- crest. 

In the following ~p~ragraphs the action of the spill.~ay and 

cllanges z~do to try to improve it will be described. The results of 

the quantitative hydraulic experi2~nts will be disc-ussed in a later 

portion of this report. 

Flow under I:ormal Operatln~ Conditions ':~ 

I n  the s p l l l v ~ y  shown on Fl&~re 8 ~he top  o f  the:Stomoy 

gate, when closed, is at the s~ae elevation as the top of the ogee 

crust. Under norL:al operating conditions, if the water rose in the 

reservoir, it would flow over both the og~e crest and the top of the 

24 
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gato.untll the discharge corresponded to approximately 60,000 second- 

foot, being the flo;; which would pass when the reservoir roaehcd~th~ 

maximum flow line or -V.levation L732. If the reservoir tended to rise 

further, the Stoney gate would be opened enough to prevent the reser- 

voir rlsln~ above elevation 12~2. For flows between 60,000 end slight- 

ly over 80,000 second-feet the Sate would not open sufficiently to 

brin~ its top above the water level in the reservoir and the~e would 

be a discharge over as well as under the gate. r . ~ ~ t  ~ dlscha~ 

the top of the gate would be above the reservoir ~ter Zevel end a~A 

the flow would pass beneath it. 

Th~ conditions of flow ~in the model fo~ eaeh multiple ,of 

20,000 secord.feet discharge are shown av.~p~_at~s~16 ~@o~20 i~Inslwso 

With the lo~er discharges most of ~he flaw entered :the 8pi.ll~7 ove~ 
r 

the ogo!.~ crest and the condition in the cha~mel ~s elmilar 'to 1~ha~ 

in the free crest side channel type provlously~de~rlbod, in:t~ 

bottom of the channel it piled up on the slde~apposi~e the~rest %0 

a higher olovatian than on the slde~adJ ~ acent ~to tho~e~eet. At abm~ 

60,000 second-foot di~char~, .there,a as a dla~In~ sta~t~m~y ~ 
~ 

a g a i n s t  t h e  back  s i d e  o f  t h e  c h e ~ n e l  J u s t  b ~ o ~  ~he ~ t o ~ a a ~ h o ~  ~ 

P ~ a t o  17,, As t h e  f l o w  ~as  i n c r e a s e d  t h i s  ~ v o  b o c ~ o  h l ~ h ~ r  ~ d  

moved somewhat downstroem. The flow In the channel ~e T o r y  ~ b ~ -  

l e n t  and much hi@her on t h e  back  s i d e  o f  t he  c h ~ o l .  A~ the  @ ~ -  

charge approached the do~i~n e~pacl%'y the flow co~l~ions 
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somewhat ~noother, due no doubt to the grater 'flow beneath the,!ga%e 

and the relatively smaller importance Of the flow over the crest, 'the 

worst condition being about 120-13O,00~second-feet discharge. In 

all cases the water .bade spiral motion and the greater depth on 

the back side continued t.hrough the transition and into the !inclined 

tunnel. With the flow over the gate and crest, :the conditi0n at :the 

downstream end of the transition is shown on Plate 21"Ao Wlth a 

200,000 second-feet flow the water still had seme~spiral flow but 

the longitudinal flow from the gate gave :it a greater longltudimal 

component, as shown on View B. With~all the flow under the gate 

(View C) there was no spiral, but wlth 200,000 second-feet over the 

crest only, the spiral was very decided (View D). 

r , 

Flow over the Crest 0nl~ and t.brou~h the Gate iOnl~ , 

Observations were made on the Tlou in the channel with !the 

gate blocked off and all the water falling over the ogee crest. 

discharges-.veto earmiod up to 200,000 second-foot ~although this ~s 

a touch.greater discharge than the crest uns designed for and necoa- 

sitatod a hiz~.er level in the reservoir than would be~sslblelat 

Hoover Dam. Pictures of the conditions for various discharges:.aro 

given on Plate 22. The conditions of flo~ ~ero similar to those 

found in the free crest side channel-(llodel C-2), having the high 

ridge on the rear side of the channel. 
\ 

Observations ~ore also made on the flow through the grote 

L~ 
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only with the flow over the crest blocked off.. ..The conditions for 

several discharges are shown on Plate 23. At all :flows there was 

a distinct piling up of the water on the crest side near the entrance 

to the tunnel, as shown on Views A and C. This was of about the same 

magnitude for flows of 30,000 second-feet, and therefore represented 

a relatively greater disturbance for the small flows. Therewas 

also s~ne piling up on the rear side of the channel, due no doubt 

to the curvature of the channel. Thiswas especially noticeable 

at high discharges; the water rose on a ridge first on the rear si~e 

of the channel and then swung across and piled upon the crest :side. 

For low and r, mdium flows the water passed under the Stoney gate with 

but little disturbance, as shown by View B. At high dischargms (View 

D) there was a tendency to form a wave on the crest side Just below 

the gate, evidently due to the offset between the gate structure ~II 

and the ogee crest at this point. 

Dgntated Baffles on Channel Floor 

A row of dentated baffles was placed on the channel floor 

to reduce the rotary~,otion of the water by disslpating the ~,31oelty 

of the water falling over the ogee crest, and thus reducing the height 

of the ridge on thc aide of the spillway channel opposite the crest. 

Those baffles had curved faces which tended to throw the water, strik- 

I~ them back toward the cres~ side. Two heights were used, the 

. larger height (15 feet) is shown on plate ~@-A. For t1~e lower dis- 
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charges the action of these baffles was very satisfactory, as they 

reduced to a large extent the height of the ridge en the rear si~e 

of the spillway (Plates 24-B, C and D and Plate 25-A). A cm~arlsmm 

of the action with and without sills for a discharge of ~150,000 see- 

end-feet is shown ~Plates 25-C and D respectively. For hi@her 

discharges the effect of the baffles was le~s, as the water passlmg 

over the crest represented a smaller proportion of ithe ~to~al die- 

charge, and the deeper water in the channel dlssipated 2m~re of .J:he 

energy of the ~ater coming over the crest before it r~ched the baf- 

fles. A flow of 200,000 second-feet is shown on Plate 25-B. TN 

baffles used in the model were constructed of sheet iron an~cou~ 

not be duplicated in the prototype without a considerable ~thick~ 

r 
which would have offered more obstruction to the ~flow, butes ~ :~ 

provement resulting from the baffles at hlgh flows was slight, no 

further study was made along this llne. 

i 
of stone[ ua e Pier8 

In this spill~ay as originally desired, the strum~ ~I~ 

which the @ate was set presented sharp corners ~ both si~es 1~%be 

flow of the water entering the gate (Pla~e 25-A). ~T~e corner on @he 

hill side did not cause much disturbance, as It dLi4 ~ot ~1~o.~at ~1~:t- 
/i 

out from the side of the channel leading toward the ge1~. On #he 

other side, however, a pronounced swirl was set up, @us ~ 

the water boinc drawn toward the gate at a s~p a ~  pm~ ~ 
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of the structure suppo~,ting the gate. To correct this swlrl a rounded 

nose was placod o n  the outer pier as shovm,on;Plate,26,C, but :this dld 

not cause apprecPBble impr. ovement as the water still flowed from around 
© 

the end of the gate pier. A curved:approach :roll was:then placed above 

the outer gate pier, as sho~n on Plate 27-A. ~lis cut off the flow 

around the end of the~piel, and produced smooth :entrance eondltions as 

~,~,o.rn in View B. The exact position and dimensions of these walls 

to,ether with a discussion of thl~ir effect on the flow~through=tl.e 

gate arc discussed in the later section of the repc~,t dealing with 

the hydraulics of the:Stoney gate. 

Shape of Stoney Gate Approach Channel 

Experiments were undertaken to determine how much'the cost 

of the spillway might be reduced by cutting down the excavation in the 

approach channel to the Stoney gate. Four shapes of approach channel 

were tested. The d2,,ensions of these are sho.-m:In the section on 

Stoney gate hydraulics. The sides of the channels were formed.by tem- 

porary sheet iron "~alls, as zho-.m on Pla~e 2V-C. In the ori,ginal de- 

sign there ~'~s a space of nearly dead vmtel, along the right side of 

the approach chamnel. With the channel narrowed, this condition was 

re, moved and tho flow conditions of the water approaching the gate 

were not adversely affected. It was found that the size of the chan- 

nel could be reduced nearly one-third without appreciable detr~unont 

to the action of the incoming water. Especially good conditions were 
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obtained by a cnmbination of narrowing ~he approach channel o n  the 
rl 

right side and with the curved wa. ll~o~ = e left side, as shown on 

Plate 28-A. This produced very smooth, well balanced entrance con- 

dltions, as shown on Views B and C. The discharge coefficients for 

these conditions will be discussed later. 

~-ansitlon from ~e ~to Channel ~ctio~ 

The shape of the gate approach channel did not greatly in- 

fluence the flow in the side channel section, as the ~eter upstream 

from the gate was at greater than the critical depth. It passed 

through the crlticcl depth at the gate section and downstrean frum 

that point was at less than critical depth. In this eonz~itlon it 

is very difficult to chance its direction without producing a dis- 

turbance. As shown (Figure 9), the transition from the ~e section 

to the trapezoidal channel section takes place rather suddenly, giv- 

ing rise to a rather rapid enlargement on the reeLr or hill side of 

the channel, and a change of direction between the gate section and 

the channel sections. Those conditions c~nbined to cause a wave to 

rise on the rear side of the channel Just below the gets as described 

on page 27. By mal~ng the transition longer and the change of direc- 

tion loss abrupt, as shown on Plates 29-A end B, ~he height of the 

wave below the transition ~as considerabL'~ reduced, although it ~s 

still pronounced, as shown on View C. 
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Stoney .C~te. Type •Abandone d 

Although several chances indicated that improvement was 

possible in the Stoney gate spillway as first designed, no major im- 

provements were obtained. It is believed that by making ~ the spillway 

channel straight and putting all the curvature into the gate approach 

channel where the flow .~as below the critical velocity end therefore 

easily chan~ed in direction, much better flow condltlons in the spill- 

~y and tunnel could h~ve been obtained. This, however, would h~v~ 

greatly increased the cost. A decrease in the drop between the water 

surface in the reservoir and that inthe chann@l,brou~ht~about by 

raising the channel floor, would have improved conditions, but would 

have decreased the head on the gate and required an~Increase in its 

already unprecedented size. Moreover, the geological condi~ions~at 

the site of the Arizon~ spillway ~ of~ t his type were unfavorable, ~ and 

~ 

as estimates showed that the cost Of a spillr~y wlthdrum ~¢es 

very favorable, att~npts to further perfect the~Stoney ~ate model 

were dlscontinuod and further tests on it weremade only to ald~Ln 

the design of the drum ~te type. When later experlments~4evolo~ed 

a satisfactory type of drum gate spill~y, the idea of uslz~ ~the 

Stoney  g a t e  type  was abandoned. 

Effect or Cham~l~ 

The latter port of ~ho tosrtlng of the~Stonoygate model~s 

c~riod on at the same time as those on the flrart &rum gate model a~ 

the Montrose labaratory. When tumatlsfae%4xry e~Itlcma dovolol~d 
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in the drum gate model, experiments wer made on the Stoney gate 

model to indicate how steep a floor might be satisfactory in the drum 

gate spillway. In t1~ese tests the Stoney gate was bloc~:ed off and 

the model oparated as a free,crest side iChannol spillw~y. The slope 

of the floor of the Stoney gate model was relatively flat and the 

conditions of flow when it was~operated ~Ith~flow over the crest only 

are descrlbed on pa&~ 2~ ~xperiments wore mmdo~with bottoms~havi~g 

15, 30 and ~-foot greater slopes ;than the original design by placing 

in the model a false floor of uniformslope withlts upstream end a~ 

these distances above the floor of the original model. 

Same of the results of these experimenSs are ahown on Plate ~L 
,3 

30. At the l~ver discharges the flow over the crest 8wept entirely 

across the channel floor and formed a high ridge on ~the rear side 
~ 

of the spillway. At the maximum discharge all~the varlous slopes 

produced very rough conditions ~in the spillway, as shown on Views 

B, C and D. T'ne correspendin~ condition for the orlginal model :is 

shown on Plate 22-D. In general, the flatter th~s!ope the better 

the resulting condition, since flat~er slopes p~oduced less longi- 

tudinal veloclty in the spill~ay ~nd therefare greater depths, which 

• provided a greater mass of ~tor in which the energy of the stre~ 

passing over the crest could disslpato itself. 

3~ 
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: ~ FIRST D l ~ . i  GATE .SPILLWAY MODELM'I ~ ~ 

Estimates of cost ~for spillways of °various tYp~s showed , 

that a spillway with drun gntes could:be built at ~a lower cost "than 

the Stoney gate type and as the model exhort:tents indicated that e 

spillway of the Stoney sate t~-e would be s~e.nhat unsatisfactory 

in its action, a model of a drum gate type of spillway v~as construct- . 

ed on a 1:20 scale at the ?lontrose laboratory, i 

The method of construction of this model is:,shown on Figure 

ll. In order to prevent possible settlelnent of t11e~model, it was 

supported on piles driven into firm earth or to shale bedrock. A 

SloRing floor was first constructed at the level of the side channel 

bottom as ~1own on Plate 3l-A. This floor carried :the ~buttresses 

supporting the resa- wall of She spillway channel (Plat~ 31-B) and 

one end of the ribs of the downstre~a face of the ogee crest !i(Plate 

31-C). The other end of these ribs and :the upstream face of the ogee 

crest were supported by a fr~uing resting dlrec~ly on the piling. 

The piers were constructed of solid blocks of wood accurately shaped. 

The gates were not built to neprescnt the entire drum gate, but only 

the upper face, and ~zere raised and l~ercd by moans of ad~justable " 

screw supports inside the oseo crest, as sho.~n on Figure ll. This 

permitted a much sLmpler co_n~struction than vmuld bc required ~by an 

exact duplication of the drtum g~to, and from the standpoint of hy- 

draulic action produced the same result. The compl~ted ogee and 

channel are shown on Plates 31-D and 34-A. 
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The model of ,the mountain-slde in the vlcinlty.of the spill- 

way was constructed to form ~the bulF~head .across ~;the ,end of .the forebay 

section of the, laboratory fltume., It ~was supported by a sloping floor, 

resting on buttresses carried In:turn by-the floor of'~the forebay. 

In effect,, this model,topography support !fo1~,.ed a framed ~.timber dam 

across the end of the forebay.. Templates cut to represent the topog- 

raphy of the mountain-side were placed on the sloping floo~-, as shown 

on Plate ~2-A,. and the space between the templates was fillod~with 

rammed clay (Plate 32-B). "The clay v, as ccvered with.,a layer~of tar 

to prevent the alkali which t.he clay contained from injuring the 

mortar cover.. This was then covored~with.~a 2-inch layer of dense 

mortar reinforced with chicken-wlre,, the thickness of .the mortar being 

gaged by means of nails projecting 2 inches above the .wooden .templates 

(Plate 52-C), A water,seal strip of sheet iron was provldod~.to Join 

the mortar coat to the floor and sides .of the furebay and to ~ho .o~mo 
r., 

crest. A space filled with ~ar was .provided .~hare the,mot.tar joined 

the sides of the ~bay~and the ogoo cre~t ,,to pornlt .the model ,topog- 

raphy to settle independently of them without d~ugor of cracking the 

mortar. 'E~nis model _topography pr_oved to be very satisfactory and with 

minor changes ,-ms used also :for models M-3:and,l,~-5. 

The model o f  the .transition from the trapezoidal mod~l ~seo- 

tlon to the clrcular.tunnol suction ~s made by forming spllnod red- 

w o o d  s t a v e s  o n  t h e  i n s i d e  o f  aocu raCe~y  c u t  wooden c o l l a r s ,  :in a 

3 4  
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manner similar tothe transition of the Stoney gate model prev, iouely 
/ 

described. In order to prevent distortion from the forces arising 

from the bending ~of the staves, these collars hod to be heavy and 

securely held in position by an outside boxing, reinforced with iron 

rods. This transition ~s supporte~ on piles driven to shale, i 

The contracting circular section of the inclined tunnel! 
L 

was formed by using wedge-shaped staves in a wood-stave pipe. The 

pipe was carried in a cradle supported at its ~ upper end on the piles 

carrying the lower end of the transition section, and at the other 

by the concrete block forming the model of ~the vertical bend in the ':~ 

tunnel ~Plato Q-A). ~Tne concrete block was connected to the wood- 

stave pipe above and below it by moans of a steel sleeve. T~o win- 

dows fitted with removable concrete plugs were cast into the top of 

this bend in order that the action of She water in it might be observed. 

Because of the topography at the laboratory site, the model 

of the tunnel was built in a deep trench. The horizontal tunnel and 

horizontal bend was formed of 30-inch wood-stave ~pipe. The pipe 

throughout was carried in Collars and braced ~o the sides of the 

trench to prevent displacement in case of an accident which might fill 

the trench with water ~d tend to float the pipe. The horizontal bend 

had a radius of 41 feet (model dimensionl vhich was much s~.aller than 

ordinarily considered feasible in a wood-stave pipe. ~J closely spec- 

Ing collars and" soaking the staves, the staves were, with considerable 

35 



, -4 ~ , , .  , ~~-~:  ~ ~,;':"Z.~"*:;'",. " .,:~..~,~,~ ~'~ . '  " , 4 ,  ~ i ~ '  

. .,,., , . ~ . . - ,  ~ . . . .  ~'~,~. 

. . . . .  ,, f t . !  

[ ]  

I 

C~ 

b] 
?,  

o. 

r, 

PLATE 33 

Lll 

<J 

Z, 

L[ 

t~ 

;Z 

/Jr 
~J 

.J  

:=,, 

t.~J 
t ': 
. J  
U 
Z 

, I  

M O D E L  QF Ir4t.. .~.~NED T :;r..,t4~_:_ '.ZE!~,T,~A,,~ ' t .~ t , ; f ) ,  
t 4 [ -~H;zo rJT , '¢L .  "U,.',J;,,/.':: ,~,;Jb , 4 0 ! , , Z ~ j r J r / . .  5E/ '4[)  -,V,L.)[';~- 1~.4.;. ~ A t 4 [ ,  ~- 



effort, Jacked into place, temporarily nailed to the collars, and fi- 

nally banded into a conrplete and satisfactory plpep with the . b r e e k a ~  

of only a few staves. In this construction all the staves were car- 

ried along simultaneously around the bend, in the manner shown on 

Plate ~3-B. For the benefit of anyone who nay have occasion .to con- 

struct a sharp curve with .wood-stave pipe it may be ~said, however, 

that better results ~ould .probably :have been secured if the c~nter 

bottum stave had been carried entirely around the bend and for some 

distance beyond first, and adjacent staves b~ ~ placed next throughout 

this entire len~h, each successive stav~ bo in~ carried .the entire 

length before another is added. The cumpleted model tunnel is shown 

on Plate 33-C, Windows rmre placed in the _top.of the pipe at inter- 

vals in order that the conditions of flow in it might be observed. 

E~cept for a movamen~ of the inclined tunnel and vortieal 

bend a shurt distance downstream, the model of the ,on~ire tunnel ro- 

malned the same fern: Models M-I, ~-3 and M-5° In urder to guard 

~iDmt sliding banks r~sultlng from the slight ..~akaSe fre,, the 

f o r e b a y  and m o d e l ,  r e ~ a i n l n g  ~ l l s  were p l a c e d  ~ t h e  ~ e n o h  .a t  .q:~ 

vertical bend,  and a gravel-covered tile collecting drain ,was run 

~ O ~  ~ he ~ t~ ~ o f  L t h e  trench ~to carry any leakage or seepage back 

t o  t h e  irrigation ditch. 

 ats on the  de: 

~ t e n s i v o  ~ v p e r l m o n t s  wore ~ a r r i e d  o u t  o n  t h e  U - 1  m o d e l .  

A l a r g e  wmriwty e f  d e v i c e s  was t r i e d  t e  l n ln~vo  ~bo f low c o n d i ~ l ~  

86 
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in the spillway channel and down the tunnel. These are described in 

detail in the following paragraphs. To give the details of these se~- 

ups would unduly expand this report, !but in order to preserve a record 

a copy of a sketch of~ach setup is filed ~ith the office file copies 

of this report. Quantitative experlz~ents were made on the depth of 

flow in the spillway channel end on the dlschargo coefficients of the 

spillway crest. The results of these are discussed in detail in the 

leter sections of this report which deal with these phases of spill- 

way design. 

Results with 0ri$inal Design of Model I~-i 
% 

The prototype for model M-I is sham on Figure ~i~. It had 

four druz~ gatos/~ach 100 feet long with 10-foot piers between. The 

channel bottc~ had widths varying from 26.5 to 52.4 feet and sloped 

rather steeply, F~ving a fall of 104 feet in the 403-foot length to 

the beginning of the transition section. The roar wall had a slope 

of 0.375:1. The dlmonsions were computedaccordlng to the theory 

developed by Hinds, as described on page 19. 

Plate 54-A shows the completed model. The action of the 

model r~s not favorable. Because of the steep slope, the velocity 

of flc~ along the channel was great, Qnd the cross section of the 

flowing ~ater ~ms relatively small. The depth of flow was therefore 

less than in the models previously investigated. The average fall 

of the water passing over the crest between the reservoir level and 
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the channel level vtas also somewhat greater. Thls;greeter:fall 

tended to make°the,;~ter, pile up on the side of the channel.opposite 

the crest to a higher elevation. The smaller depth :0f ~flow :in ~the 

channel also offered less 'resistance to~thls ~tendency, :since ithe 

greater the depth of water the greater is the tendeney~to dissipate 

the energy of the overflowing stream. The combination of greater 

f, ll and smaller depth ef flow~result6d :in a.'high:wave~on the back 

side oC the channel, which caused,considerable impact on '~the~end 

wall at the portal of the tunnel :for discharges of i00~000 second- 

feet and over. The action of the model is shov~ onPlates 34 and 

35. Plate 34-B shows the condltions-for La 35;O00-second-foot Ldis- 

charge. This would be apprexinmtoly 'the: conditions -wlth the~largest 

flood ef which there is a record. At the upper.end of the channel 

I 

at discharges up to 150,000 second-feet, the ~ter:flowlng :over the 

crest swept the floor clear and ~Ic~d-on~ the ~beck side of the chan- 

nel a ridge resembling a wave on an_ocean beachilSust~as it breaks, 

shown on Plates 3~B and C and Plates 35-A and B, i The ~conditions 

far flows of 150,000 and 200,000 second-feet, Lthe latter :being the 

capacity for which the;spillway yes designed, are ~shownon Plates 

35-C and D. ~"~ 

The relatively iar~ drop of the T~ater between the reser- 

voir and the channel together with the slight depth in the channel 

caused a decided spiral motion in the fl~7 down the channel, ~hich 

38 



I~ L A"r" E 3 5  

i*/ 

F ~O'a',~ ~f.J (.)~:i~;.t!~'A.: ~LSIGr . ,  DP.~.;M ~',T~ ~*- ' ,_L;" , ' t , , - -MtDE' , i_ ; .  U 



set up considerable commotion in the transitlon sectlon at the top,of 

the incllnedtunnel. Severe splashing also resulted ~at ~the vartical 

bend at the bott~u of the inclined tu~uel. Watar ~bog~n.:-to :~plash~out 

of the lower of the ~ two .~Indows ~iln the "bend,' at ~ a discharge ~ of ~110~000 

and severe splashing occurred at l~O,O00 second-feet. '~ithLa dis- 

charge of 200,000 second-foot thoro~i~as a v~ry disturbed.~conditlon 

of flo.~ at this point an~l the: ~plashing to,thor wlth~the air brought 

do.-m by the water exerted considerable prossurc~on,tho ~.ludo~s ~in the 

top of the bond. The flo~ throu~h the pipe, as obsorvod~throu~h ~tho 

r:indc~vs, w~s vory much disturbed anti, near tho~end of~the tunnol~avo 

rise to severe vibration. 

The cause of this vlbratlon:or:~thmnplng isi~not ~certain?~t 

seems to be related to the well-kmown~/fQct ~that:~reaistance to~flow ~of 

water in pipes decreases as the depth~of flow increases untll a depth 

of about 0.95 of the diameter is:reached, beym~d~whlchpolnt~f~ae~re- 

sistance rapidly increases, l . u . : a n ~ " c l t n e d  p i p e  Into~whlch ~tar is 

e m i t t e d  !in g r a d u a l l y  i n c r e a s i n g  q u a n t i t y ,  ~when-~a ~depth~,~of "0,87 ~of ~ e  

d i ~ e  t e r  i s  .~ r e a c h e d ,  i f  t h e  w~te r  .~ s p l ~ h e s  ~to ~.the ~op : I t  ~' su~klenly : ~ -  

the whole pipe and in this condition !..the :pipe will n~ ~carry~as ~ t  

a discharge as when flowing 0.87 full. Asithe~later ~Tlowedzdow~ %he 

tunnel its velocity was reduced by friction add :the depth of ~flew ~IB- 

creased. Near the downstream end, for disohar@es of naar PO0,000 

second-feet, the depth aPl~Oaehed 0.87 of the dieter of theplpe. 

When a surge or splash occurred the flow 8~denly Jtm~od i~o ~he frill 
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condition, instantly increasing :the resistance to flow and causing 

a hsm~ner or thump in the pipe. The flow did not continue at the 

full depth, however, but quickly dXol~ed ~down to part :depth ~flow. 

/ 

~LThis may have ~een due to air ~rought in at the upper end of~the 

tunnel forcing itself out at the lower end. Anot~erLpossible ex_ 

planation is that the sudden increase ~in resistance tended to form 

temporarily a hydraulic jump, whichLcould net maintain Itsel/~be- 

cause the friction loss to the end of the pipe was not sufficient 

to create the required back pressure. These changes betwee~ full ~ 

and partially full flow gave rise tea series of thumps or blows 

of varying intensity at irregular intervals, which were~felt only 

near the dov,~stream end of the pipe. ~For t1~ original J design e 

severe blow e~:!e about once every ten seconds. In the prototype, 

these disturbances would no doubt set up e perceptible jar ~in the 

rock of the canyon wall, which would,be undeslrable. 

iRaisod Floor in ~'-i 2~odel 

In order to reduce the height of the wave on the back wall 

of the channel, the floor of the channel was raised a maximum of~19 

feet at station 3+00 and sloped from this point to the origlnal bee- 

tom levels at the upper end of the channel and down :to ~he beginning 

of the transition. ~-~ne grade of this channel is shown on Figure 12. 

Thiz decreased the slope of the upper end of the channel, at ~he same 

time decreasing the height of the fall o£ the water over ~he crest. 
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The conditions of flow in the chanzel were improved but there ~was 

still considerable splashing at the portal of the tunnel, The ef- 

fect of the raised floor with e dischar~e of I00,000 second-feet may 

bek:seen by a comparison of p!ate 35"A ~withPlate 40-B. (In the lat- 

ter view the Spillway was provided with a different shaped tunnel 

portal and transition but these did not affect flows ~as low as 

lO0,O00 second-feet. ) 

The smoother condition of flow is ew!dent, pawtlcularly 

near the downstres~ end of the channel and in the improv~:lent of 

the wave formation at the upper end. The water, however~, still rose 

to an undesirable height on the rear ~Tall, 'but on account of these 

improvements, in all the succeeding tests on this model the raised 

floor ~as used. 

Although the original design was computed to have ~a cross 

section just sufficient to carry the 200.;000 second-foot discharge 

without causing sufficient su -hz~rgence of ~the ogee crest ~at the 

upstrosm end of the channel to reduc~ tho flow over it, it was 

found that tho floor could be raised and the flow over the crest 

at the upper end still maintnined~ This was probably due to the 

fact t.hat tho water level determined in the computations is She 

mean wator lcvel in the channel cross section, while ~he level which 

controlled the submergence offect was p~obably the level on ~he si@s 

of tho channel near the weir, which was considerably lower than the 

mean level. 



Copinc, on-.the BackWall 

In order to reduce the height to which the water rose,against 

the back wall a curved-faced baffle in the for-m of a coplng"was placed 

along this wall, wlth the top of the curved face:about B0 feet ~above 

the floor. %~ne position of this baffle is shown on Plate 36-D. This 

tended to t,hr(~:1 the water out to,-murd the center of the channel and re- D 

duccd the hei~;ht of the wave against t!~e .null. It ccnsiderably~im- 

uvovod thu con,!itions at the entrance to the tunnel and reduced the 

disturbances t~oug~hout the turmel. The improvement due to this baf- 

fle at 100,000 second-feet discharge may be:seen~by comparing Plate 

3,~'-B "-ith Plate 40-D. In the fon,~er, the height of the wave against'! 

the  roar ~','~11 :ras materially loss. 

Flat To? C_ontractign in the Transition 

~'he original desi(~ contemplated a free surface for the 

water flowi;~ in the spillway and tlunm.el. 0n~account of the tttwbu- 

lent conditions of flow, this surface was very rough and produced'a 

great deal of splashinz and Lmpact. In order ~o smooth out the water 

surface a contraction was placed in the transition section as shown 

in Figure 12 and on Plates 37-A and 40-A. This consisted:of a flat 

top in the transition ~adually contracti.ng the ~aterway fre~.~ ~zero 

at the upper end of the transition to a distance 20 feet down from 

tJne top at the lower end. A vent .was built at the lower end to admit 

all, above the water Ln tile inclined tunnel downstream from the con- 

traction. For discharges over about 175,000 second-feet this formed 

42 



PLATE 36 

i 

"~ • I : ~  ~ 

" f  

( , ~ . ~ ° , ; , ~  .*. : , °  , 4 ,  ` . ¸ ¸  , ~ r • ; . ~  ' .  ~ , . ' , ,  . 



! 

PLATE 37 

,, '\,,'-:, " 

/ 
~, o 



~ [  A r E  3 8  

F L O . ' .  ~ ' ~ I I , I N ' . , : , J S E . P ~ R Q ' T , L ~ t .  ' EC;. ' r ; ,  ,~,~;:-  , . ' ~ t . ~ , l , ~  " . - : . , ' , "  ! , . " , ~ ' t r ,  

TP., .AN51T:Or~ A N D  I I~P I : : IOVED F'-or~ I A , .  bmJ.,P'_ Cl~.~J..,tJ. ,..,k. FL S ~ ' ~ _  ,~,.'~, - M O D :  :. ~ - 



iiil 
an orlflce wi~h a horlzontaltop edge at ~.the iupper:end of :the~:incllned 

tunnel and ca~ised the water to start down 'the tunnel.witha flat upper 

surface, thu~ largely reduc ing the splaahin~ in the pipe. ! m e n  ~.thie 
/,I r • 

contraction acted as: an orifice it raised %he ~ surface ~:levela ;In ~the 

• I 

side channel, reducing the drop of.thewa~er:fall~a~ov~r~the...ome~t 

and Increasing the depth in the channel, both'of which ~effee~'~~, 

to improve the flow condltions. Plato 37 shows i the ~ cenditiU '..of ~fle~ 

in the channel with this contraction aotlng in,:conJunctlon wi~h"~ 

raised bottom and the coping on the ~back wall, AlthouGh ~the,~e~xt~ 

tion considerably raised the water level in -the ~ chaanel~at ~%he .le~er 

end,  i t  d id  not  back~up enough~at  the  upper end t o . r o d u c e ~ t h o . ~ f l ~  

over the  s p i l l w a y  c r e s t .  ! ~ o  c o n d i t i o n s  of~-~flow in  , the  !pipe ~w~o ~ . . . .  

c o n s i d e r a b l y  i ~ p r o v e d ,  both '.in r o ~ r d  : to  .the, s p l a s h i n g  a t  ~:.the.~,~a~ti- 

i, 

c o l  bend and t h e  thumping a t  the  and o f  the  p i p e .  ~ i , . ~ n o . ~ s ~ ' ~  , .  ; 
• z 

the  lower  window in  the  v e r t i c a l  b o n d s t a r t o d  a~ ~ X 3 0 ~ O O O ~ e ~ e ~ - ~  • 

A f t e r  t h e  Improved: p o r t a l - z ~ n ~ i o ~ d  : i~  :~tho :fo:L1.c~.~ ~l~ea'-, " ~ 

agraph was ~us te~ l ! ed ,  a c o n t r a c t i o n  .:in ..the : t r a n s i t t ~ ,  w h ~ e h ~ ~  
." 

the  o p e n i n g  l e s s  than  %hat p r e v i o u s ~ v  d e s c r i b e d  ~ . : , ~ s ~ a ~ o ~ ~ . ~  .. . .~:,~. 

f l n t  top  in  t h i s  case  e x t e n d e d  ~ 5  f~ot.dOW~'~:.tho l~.Of:.~h~~~ " -.., 

t i o n  e o e t i o n  a s  ccmrparod w i t h  .20:'.~o~t ~JLn-th~ ln~VtOU~ .oa le ,  , . b ~ , . ~ -  

n o l  wore,  a l ~  s ~ o w h a t  l e s s  d e s i r a b X e  ~han.-wl~h ! t h e . ~ Q ~ l @ ~ . ~ O U a ~ U ~ " ,  

In  a l l  t h e  f o ~ o ~ , 4 u g  o x l ~ r i ~ n t s ,  t b a r o f ~ o ,  t h e .  ~ ~ J A B  

vrae u s e d .  
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Im ove'S~Portal Shahs 

In the orio~Inal design the ~fac¢ of the portal was.at right 

an@les to the tunnel and there was considerable impact on it. To ~tm- 

prove this entrance the portal was altered to ipresent the form of~bell 

mouthp as shown on Plate 39-4. Since ~the tunnel portal as originally 

built was practically opposite the end of the ogee crest, these ibell 

mouths extended beyond the end of the crest a~d it was necessary ~to 

leave 8 space on the crest side of them 't.hrou~h which the flow~frcen 

the end of the crest could pass. This would not be a practical form 

of constTu~tion for the prototype, but the set-up served ~o indicate 

wh~t results might be secured ~ith a bell mou"h entrance and if it 

wore installed in the prototype the nccossary adjustments could be 

made. The lar~or boll mouth improved ontr,nco conditions consldor- 

ably and it w,4s used throughout the r~.~inder of the tests. The flow 

conditions ~ith this portal for various discharges ~aro shown~on Plate 

39. This set-up ~as also tested Tilth the coping bafflo Temoved, as 

sho~n on Plato 40, but ~' ~.,c condition, s in t'~o ch.',nnel, vertical bend, 

and at the end of thc tu~Iul vs~ro all less satisfcctory end the copIDg 

b~ff!e ,T~s therefore roinstnl!cd. 

Vane in Inclined Pipe 

The water £!o~in~ over the egos crest imparted ~to ~.the ~mt4r 

in the side channel a spiral motion, which persisted fur a long~dls- 

tance down the tunnel, and caused st least a portion of the disturb- 

.nce in the flow. In order to reduce this spiral motion, and henoe 
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the disturbance, vanes in verlous positions in :the transition and in- 

clined tunnel were experimented upon. The first vane ~s about 6 feet 

high and extended do.~ the center :of the ,flat top contraction in the 

transition. No ber.eficial:effect frc~ this was observed. A vane 6 

feet high was then placed along the bottom, of the inclined t~u~uel from 

the end of the transition to the beginning of the vertical bend. 'Thle 

resulted in s marked improvement !in the splashing at the vertlcal,bend. 

With the flat top contraction in:the transition and the coping .on:t}:he 

roar -~ii this vane increased the ~diechargo at which splas.hing~:besan 
U 

at the lower vrindow from l~0,O00 second feet to 162,000 second:~feet. 

Suvore splashing did not occur tuutil the discharge reached ~190,000 

second- feet. 

As the splashing out at the window slays occurred on the 

left side, it ~ms at first thought that by inellning the vane toward 

the right side of pipe more ~ter could be forced to that side end the 

splashing relieved. The direction of the vane was !therefore changed 

so that it ~xtended from the middle of the bott~l of the pipe at the 

upper end to 5 feet to the right of the middle at the lo~.er end. Thls 

change, hc~Tover, increased the splashing, reducing the discharge at 

which splnshing began from 162,000 second-feet to 155,000 secom4-feet 

and the discharge for severe splashing from 190,000 second-feet to 

IVO,O00 second-feet. The ~ne v~s thenmoved so that the lo~er end 

~ s  5 f e e t  to  the  l e f t  o f  thq  c e n t e r  o f  t h e  bo t t om.  In  t h i s  p o s i t i o n  

t h e  splashing from t he  lower window ~ s u n  a t  about  t h e  e~me d l s a h ~  
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as with the vane in the center, but no severe-.splashir~ occurred far 

discharges up to 200,000 socond-f0et. 

The explunation oi' t}lis unexpected action sec~=:s ~o be that 

the water approached the vortical bond with a E,Te~t-sr dept1~ on the 

right side. In passing; around the vertical bond i~ was acted upon 

by a centripetal foreu, and since the mass of ~w~ter on the right side 

was greater than on the left, the force w~s greater on the right side. 

This greater force caused a ~reater pressure in the 7mter at the bot- 

tom of the right side than at the bottom of the loft side and the 

~m.tor moved fret the position of greatest pressure to'.mrd that of 

loss l~'ess~n'e; ' tha~ is, from the ri~i;ht side to the left side. The 

~eater mass at the beginning of thu bend was on the right side and 

in passin G around the bond moved across the bottom tovmrd the left 

side, up the loft side and across the top of the bond reynard the 

r-~.ht, having moved with a spiral cloc!~.~iso motion and acros~ the 

fzcc of the windo~.v, which is in the uppcr side,of the bond, in a di- 

rection inclined to~rard the rl/~:ht. The; v.~no ,.~ith its cad tov~rd the 

loft reduced this motion bccc~uso it forced more water in the inclined 

tunnel tov:ard the loft side of the pipe and thus made the centrifugal 

force on the Swo sir'_'es of )the pipe more nearly equal. Moving the v-,~uo 

to-;zrd the right side at the lov:er end increased the mass on the righ~ 

side, making the two sides more unequal, and, therefore, increasing the 

cross motion which caused the splashing. 
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The b e s t  c o n d i $ i o n s  w i t h  t h e  1.~--1 model  w e r e  o b t a i n e d  w i t h  

the raised floor, eopln~ baffle, .20 feet _f~a% top  in th~ :~ransitlon, 

improved portal form and vane in:t~he pipe:as previously described. 

The conditions of flow in the channel :ware as :shown onPlate 39. 

The con~itlon of ~low at the outlet:of:the tunnel,was similar ~ 

shown on Plate 36-B except at the :rare intervals when shomks oseu~ 

O'F_l.~n~teal-- , F a c e d  .Baffles 

In  o r d e r  t o  break u~ t h e  ~mvo~whtch p i l e d  up on ~the s i d e  

w a l l  o f  t h e  s p i l l w a y ,  end t o  m a r e  e q u a l l y  ~ d i s t r i b u t e  : the : T l o w l ~  ~ a ~  

in the cross section of the chanuel, . , v ~ r l o t t s ' c a n b i n a t i ~ s  of  :.baffle@ 

with cylindrical faces were investi~a~ed. The first ~eet-up~:~f~tMe~ 

bafTles is shown in .Plate &I -A .  It .consisted ,~of amet~on~ ::Of ~1~ff~ 

10 feet  ~on~ w i t h  : lO-foot sp~cos.:.betweon, ~:em¢".~ :.the , ~ e ~ t ~  1~.~o ~o¢ 

tho  c h a n n e l .  The c y l i n d r i c a l  Taeo"of t h e  b a f f l e  had ~,a::~l.~ .:of -.6 

7~ ': 

!-,  

"C 

U',~. 

foo t ,  g t v t ~  .it a height  of,12 f o e t ,  and the b a f f l ~ h a d , a n ~ ~  . 
l 

hoight i  o f  l ~  • f e e t .  . ~ o s o  b a f f l e .  ~r~provod :the f l o w  !In ~ ahanm~ 

an~ tunnel samowhat, ~bu% ,not as ~ueh as the baffle ,on.the r~Ir~:wml~e 

The ~p].ashLuK b o ~  a t  tP.o lor~c¢ ,~Indow_.in ,tho .var~l~i-1~ond ,wL%h a 

dlscharKe of 130 .000  s~c¢~ , - foe t .  The ~O~dltiO~e-."~f :~f~.LI"O~ 

on Plates 41-B, ,C and D. .,The baffles cmmai~x~bly,obe~ruo1~1,tb@ "*~ 

In the cha~nel~ ho~ovor, an~ sub~)r~od %he .~IT .at _th@,.~l~el~ .~O " 

luC~ic ient  extent  %0 ob~truot the T~w oI~" I% I~nA ~ a hi~I~ 

hoad ater l e v e l  than  conZc plated In  t h e  @ss1 In t o  p:udnae .tks M}Op O 

soeon~feot dischar~. 

,- L i 

*-i 

jr" 
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The baffles located.on the center line of the channel, with 

their faces parallel to it, were not exactly at right angles to the 

direction of flow, and ~ considerable portion of the ~ater was ~deflec~- 

ed downstream and inpinzed on the next baffle below, as Shown :in Plate 
" ~r 

41-B. To remedy this condition the baffles were place'd wlth their 

faces inclined upstrean 15 degrees with the center line of the channel, 

the row of barfS.as still extending down the channel center line as 

shown in Plate 4~-A. ~ne flow conditions IPlatee 42-B and C) with 

this sot-up were s slight improvement over those with the previous 

one, both in the channel and in the tunnel, but the~beffles still so 

obstructed the flow in the channel thct a water level above ciovstion 

1252 w~s necessary in the forobay to produce a discharge of~200,000 

second-foot, i~no location of the baffles was then changed frum the 

center line to n line halfway between the center line and the bottom 

of the c:-ost, the individual baffles being inclined 15 de~rees with 

the center line of the channel as before. This set-up ~as slightl~ 

better than the p'--ccodln~ one (Pi~te 42-D) but the obstruction caused 

by the baffles v~s still too groat. As the two upstree=n baffles 

seemed to obstruct the flow without bettering conditions, they were 

removed, but the result ,-~s not a material improvement. 

The Cylindrica~_ly-faced baffles .~ere next placed in a con- ~" 

tinuous line down the cha~nel, beglnnin~ ~a~ feet to the rIEht of 

center line at station i+00 and 15 feet to the left of the cQnter l~hue 

at station 3+50. The submergence effect was not am great as for the 

. u reced ing  t e s t  ( P l a t e  g )  but  ~ s  s t i l l  ~ .o  .,r'-.. ~, and s o v ~ e  Chtm~- 
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in~ occurred at the do,~ustream end of the pipe. 

In order to reduce the submergence, ~,~ller-slzed baffles 

ware used in this test (Plato .13-A)° These hada cylinder radius of 

4~ feet and an overall height of Ii feet. i~ney extended in a 1.ine 

from 8~ fee~ to the right of the center llne at station 0+65 to 20 

feet to the left of the center line at station~3÷T5. With this • 

baffle the su~nergence dld not obstruct the flow over the crest 

(Plates 43-C and D). be results of this set-up ae~.ed to be scab- 

what of an Improv~ent over the previous ones and ~he baffle wee ex- 

tended downstream to station 4+50. The extomsion, however, resulted 

in bad splashing at the vertical bond. The splashing be~n at 

132,000 second-feet; and was severe at 150,000 second-feet. The 

shoc!~s at the lower end of the tunnel were not large a~d occurred 

on an average of once,every 5 seconds. 

_ 

The con t inuous  baffle o f  ~np~:prevxous run-~:~ made u p  o f  

C 
blocks i0 feet lon~. A test was mad~ with every other block removed. 

This set-up wQs similar to the first ~onos run with the eyllndriea~- 

faced baffles but the baffles in this case were emnllor. The condi- 

tions of flow in the channel were fairly goodend excessive submer- 

gence at the upper end did not occur. The sp~ahlng from the lower 

window be~n at 155,000 second-feet and became severe ~at 178,000 

second-feet. ,-~e conditlons at the end of the tunnel were very de- 

elreble, shoo]ca oecurrlnc at eve~ege izrterval~ of 40 seconds. 
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The condit ions of flow~with small cylindrlcal-faced baffle in Cha~l 

are shown en Plates 43 an~ 44. 

Cylindrically-faced baffles ~were also placed as~shown ~in 

Plate 45-A. The water flowingove% the crest, upon~striking the face 

of these baffles, was deflected downstream thus ,ten~ding to ~increase 

the velocity in the channel and reduce the cross section necessary 

and consequently the cost of the spillway. At small discharges the 

action of the baffle indeflectlng the flow from the .crest downstre~,n 

could be observed, This sction probably continued for ~igher •flows 

also, but the obstruction offered by the .baffles off sat !the :advantage 

gained s~nd at the 200,000 second-foot discharge (Plate45_B):the con- 

ditions of flow wore not approciabl~ improvod~ovcr the~eonditions ~for 

no b~ f fie s. 

A~ests were also made wi~h the cyllndrically-faced ~baffles ~ 

placed as sho~m on Plato 45-C. .With h~fflss ~in~this position it ~was 

believed that the w~ter would be forced toward the ogeo sldo, making 

the flow on the t~o sides of the channel at more .nearly the same 

height. Plate 45-D shows thaZ at a I00,000 second-foot ;dlsCharge :this 

result was acco::Plisfled. ~.o obstruction of the (baffles and the ef- 

feet of the upstream deflection of the water so impeded the flow ID 

the channel that at a ~00,000 secon~-foot dischar&B submergence ~at 

the upper end of the channel becar~e excessive and a water .level of 

more than El. I~32 was required to produce,a ~00,000 second-foot 

discharge. 
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Deflector Vanes on the O---e Crest. 

r Deflector vanes on the o~se crest were also tried ~o Ai~e~t 

the overfalling water downstrean and permit the use of a smnller chart,. 

nel. The first set-up is shown in Plate 45-A. The wcter falling 

over the weir was not deflecteddlrectly down.s, t r e 8 ~  but scoWgha@ otrt 

to the side with a considerable downstresm component, as shown in 

Plate 46-B. At the larger ~ischarges these vanes obstructed ~be 

flow and caused excessive submergence at the upper end of *.he eremt. 

The conditions in the channel for 200~000 second-foot disohsrp sa~ 

sho~n on P l a t e  46-C. Considerable vibration also resulted at t~ 

do,~nstTeam end of the tunnel, tho avorage poriod for levaro ~Loc!~ 

bolng 4 seconds. The upstream four vanes were romovoQ, u tb~r  

pee~od to obstrunt ~tho flow (Plato 45-D). This sllght~ 

conditions in the chnlmol but oxcossivo IP.tbDx)rgonoo ~ s  etll.1. ];~,,oimlJ 

an~ t h e  f ~ q u o n o y  of s o ~ o  shocMs a t  t h e  t t w n e l o x i t  . ~ s  

t o  s 3 - s e c o n d  a v e r a g e .  The d o m ~  f o u r  varms wore  r a i s e d  ~o a 

p o s i t i o n  whore t h e y  would n o t  so ~ a t ~ 7  o b s ~ u e t  ~ho f low ~ t o  4~)e  

T h i s  e l i m i n a t e d  t h e  v i b r a t i o n  a t  t h e  end  o f  t h e  t l t m m l ,  bu t  ~ 1 ~  

an  u ~ t a b l e  c o n d i t i o n  in  t h e  ohanuol. At t lmoS ~ ~ 8 t  

lower end was full to El. 1225 and at ethos it 4ro~ ~ a Io~ 

~0 feet Xo~or, No reason for this ~as & l ~ -  
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~Tr°u ~°n Crest ,Sideof Floor - 

This mode~ (Plate 48"A) has:made ~by re~ovln~ the false 

floor and building a raised sectlon on the Imll side. ~leor~flows 

up to i00,000 second-feet the~ relaed section cQused e very~dleturbed 

condition in the channel, with a stream of ~ter rlslnG~up~In eJfoun. 

taln effect along the center line of the~channel, lithe conditlon:ifar 

a i00,000 second-foot discharge is show~ initiate 48-B. Dletln-bed 

conditions still existed at 150,000 second,feet IPlate 48~C)o At 

200,000 second-feet the conditions in the channelwere reasonably 

good (Plate 48-D). The severe shocks et the ~end of the tunnel oc- 

curred at intervals of about 15 seconds. 

A dentated sill 6 feet hiF~h was placed at the left edge 

of the raised portion of the channel floor. This ~tended tolhold the 

water to the right side of the channel and at Io~ flows caused~the 

trough at the upper end to be swept out and produce very trubulent 

conditions. A weir was also ~riod across the lower portion of ~:the 

channel bottom at th3 downstream end, but thisLidid not noticeably 

improve the fl~. 

Plain Sill and Dents ted Sill on Channel Floor 

Experiments ~r/ere made with a plain sill with vertleal fmce 

6 feet high (Plate 49-A). A~ hlgh flows this produced very good 

conditions in the channel and at the end of the tunnel, aa~ll shoe2= 

5~ 
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occurring only about once in IS seconds. At fowl flows, however, the 

conditions in the channelwere undesirable. It ~ discharge of ~15,000 

second-feet the stream was thrown vel, tlcally into the~air ins foun- 

tain formation (Plate 49-B). At a somewhat higher flo~ a pressure 

area was formed upstrea~ from the~baffle which ~forced ~the stream up- 

ward so that it passed over the baffle without ~i~inginG on it, ~but 

instead rose high above~the bottom and dashed i~/agalnst the rear v~ll. 

The plain sill ~as replaced by a~denta~ed sill 6 feet high 

extending fram 2S feet to left of the Renter line at station 3+00 to 

a position 14 feet to leftl,of the center line at station 0+50. This 

improved the conditions of flow in the channel at Io~ discharges. 

At the discharges the conditions at the end of ~the pipe, ho~over, 

w~ro ~orse, as severe shocks occurred at Intervals averaging IA~ 

seconds ,  

ER~.~ Gk:~E TYPE SPILLWAY. - i: i00 ~10DEL M-2 

A small model of thu drum gate tMpo of~,spill~y~nas-con- 

structod by :~, W. H, PTiee on a i:i00 scalo to test out ~tho possi- 

%ility of using a %To~h Ill the floor of the chamnol along the bet- 

tam of the roar wmll, It v~s expected that this-would reduce the 

holght of ~he ~a~ along the rear ~Ii. Tho ohannol of this modol 

was ap~cm~ately the same .design as that of the M-I model, but the 

t~ansi$1~ of ~e former was ~Ehtly I ~  in propc~li~ eu~d of 
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less abrupt curvature. The plan:of the ~model w~s reversed, the 

crest beingjon the rig~ht-hand side of the channel, but this died not 

affect its action. In order to simplify constructlon it was built 

without gates or the intermediate plers. Plate ~oO-A shows the i spill- 

was with no flow in it. The trough:on:the wall slde~of the floor : 

proved ineffective in reducing the~height of the ~ave. The stream 

frc~ the weir seamed to Jt~p off the edge of the ~rough and flow In 

an inclined direction downward ~to the bottan of the trough, thence 

across the bottom and up the rear wall, with l~ractlcallyas nmch 

energy as with no trough. The condition of flow ~u this model/for 

a 200,000 second-foot discharge is shown iniPlate 50-B. 

The trough was then moved to the o~ee side with :better 

results. The action in this case was verysimilsr~to that for:the 

M-I model. The condltlons of flow for lO0,O00~and2OO,OOO:second- 

feet are shown on Plates 50-C and D, respettlve~v. :A c~nparlson of 

Plate 50-C with Plate 48-B shows~ a very close similarlty for ~I00,000 

a c 

second-foot flows on the M-2 andM-i models, re pectlvely. The pic- 

ture of the two models for a ~ 200,000 second-foot flow are:not c~a- 

parabl~, as th~ flat top inthe ~transitlon of the M-lwas not built 

in the ~-2 model. At the i00,000 second-foot discharge this ,top 

d i d  n o t  come ~nto action. 

This small mGdal ~s ~ toatod with a fiat fXoor s~mIJAr 
! 

~o the raised floor in the IA-I n~el. The ecnditi~a8 far d ~ ~  
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of i00,000 and 200,000 second, feet are shown~on~Plates~51~Aandi!B. 

The results ~r On this mo~l ~were ~slmilar to :tho se.~ on ~the ~i :~0~ mo~el, ~as 

may be seen by a comparison of,Plate 51-A with Plate~40,B. The ilm- 

proved portal and flat !top in the ~transition were~not ~in~actlon:in 

the latter view. ~, 

It was believed that considerable improvement ~tu~the ~flow 

conditions at the lower end of ~the spillway could he, made by al~ering 

the transition between the channel~and the inclined~tunnelipipe. The 

top of the transitlonwas'raised at the upper end anti,made ~to incline, 

more steeply do-~ward. The results,i~however, were unsatisfactory; ~at 

a 200,000 second-foot dlscharge the water fr~n~the ridge agains~ ~th@ 

rear wall impinged on ~ the top of the ~transition,~and formed~a~-t%nde- 

sirable wave, as sho.-rn in~Plato 52-B. The~conditions:ifor~flowsof 

i00,000, 150,000~ and ~180,000 are shown on ~Plates 51-C ~ and I D~ and~Pla1~ 

52-A, respectively. 

A few quantitative observations~wero made- on this model to 

determine the cross sectlon of ;flow~in °the channel. The results of 

these are discussed in thesectlon of this reportdealing:wi%h ~thls 

feature of the spil!way/design. 
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