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Denver, Colorado, January 15, 1933 

MIUORANDDM TO QB,lEF DESICJNI}JG ENGINDR 

By E. w. Lane, Research Engineer 

&lbject: Hydraulic �-.iodel Bxperiments for the Design of the Hoover Dam -

Book 1 - Results of Visual Tests on Preliminary Spillway Types. 

The unprecedented height of the Hoover Dam necessitated thor­

ough study of many phases of 1 ts design to insure Elbsolutel.y the 88:fetr 

of the structure. The spillways were one feature which demanded espe-

cially careful attention. It \18s found necessary to provide for a flow 

of 400,000 second-feet, which with the fall or 500 feet representsAm: 

energy of 22,700,000 horsepower, or about seven times the energy ot the 

water passing over the falls at Niagara. Moreover, the veloc 1 ty of the 

water would reach 175 feet per second, or two miles a minute, which 

considerably exceeds that in any similar structure so tar constructed. 

It is obvious, therefore, that the greatest possible care was necessary 

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

that no damage might result. 

History of the S.P1H;way Model Tests 

To discharge so great a quantity of water over the top of 

the dam, permitting 1 t to tall down the face to the river below in­

volved great danger to the aecuri ty of the clam f'Oundations. The 
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large tunnels which were necessary to divert the river during the 

construction of the foundation of the dam provided a possible out­

let for the water and would discharge it back into the river far 

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

were therefore developed utilizing these tunnels. The first draw­

ings of the lll"oject using the tunnels included one spillway of the 

shaft or glory hole type on each side of the river, but this was 

recognized to be only a preliminary layout. When funds for exten­

sive study of the project became available, all practical forms of 

spillways were laid out and estL'ilated of thor.1 prepared. These in­

cluded glory holes, side channels with and without gates and vari­

ous combinations of these forms. Spillways using an entirely sep­

arate tunnel s:rstam were also planned and estimated. It was ev­

ident that extensive model tests would re necessary to secure an 

econonical and safe solution of this problem and these experimonts 

were carried ,:,ut along with the dosign and cost estimates. The 

necessity of providing a spillway form which �ould discharge without 

undesirable effects through the long tunnels proved to be unusually 

exacting, and the spillways as finally evolved represent the result 

of a process ot design, estimation, experimentation and elimination, 

covering a period of more than two years ot intensive study. 

The hydraulic model tests were begun at tho hydraulic 

laboratory ot the Colorado Agricultural College at Ft. Collins, 

Colorado. The first model ,1as of the glory hola tY'!)C on a l :60 

2 



scale designed for a capacity correspon�ing to 100,000 second-feet 

in the prototype. As a result of the speedins up of the Hoover Dam 

Project as an enployment relief measure, it was necessary to make 

a decision on the 6eneral t:rpe of spillwny without the extensive 

tests on th is r.-,odel as at first �onten.plated • 

The second. r..odel vmn of the sicie channel type without 

c-rest :-;ates also on a l:r:c ncal.e desi'.:ned !'or a prototype capacity 
1234.5 

of 100,000 second-:!'eot at elevation/ and 1,:.0,0C•0 seco::1d-feet 

nt the top oi' the d!il,l. Refcre th·?: expe-r·ir:1ents on t:1is r.iodel "it�ro 

crn:,ploted, n dee is ion was 1:1nde to incre[lsc th� spillway ca�1ac i ty 

to 200,e,oc., second-feet. The next \1as a l:Gr. model of the side chan­

nel t�ry.>G with a Ston1.,;y gat0 at one .Jnd. \Thile experiments on this 

modol wcru he in.; ,�ond ucted a largu l: 20 scale model of tho side 

channol typo with G.run �utes on t 110 cr0st was 1->uilt at a. Si)Ocially 

constructed laboratory at �-�ontrosc, Colorado. 

The Stoney bate spillway did not prove satisfactory �ut 

tests were nondti.cted on the nodel of it to throw additional light 

on certain difficulties which had developed on the large �um gate 

crest model; Fron tho results of the t·.;sts o::i both these models a 

new 1:60 drurri Gate dcsiGn was prepared and tested at the Colorado 

.Agricultural College. After many cha!\:eS were made a satisfactory 

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

was built at the Montrose laboratcr:r for purposes of comparison. 
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Experiments were then undertaken to develop the form ot 

spillway crest giving the greatest discharge capacity. This work 

was carried on at the Colorado Agricultural College laboratory. 

From these experiments a more efficient form of crest was developed 

and usetul data was obtained far the deuign of the crest gates. 

Forms of crest suitable for other forms of gate and for f':ree crests 

were also developed. 

�s a result of these studies, the crest of the side chan­

nel model previously developed was altered to increase its discharge. 
--- ·-

' .lfod�ls,of t��� �l �osign wor; constructed on scal�e of 1:100, .. . . -·�_--:.p..'iJ': .. .._,�.,·v.__� _ .. ,.�'i'.t(I' .. '.c : , ·J/ ;_ .. 
�..00 and 1:20;:'. lor:1parisons or the results ot theso models indicated --?- J3 
that substantially similar results would be obtained on tho prototJt,e. 

The spillway model testing work at the Colorado Agricultural 

College laboratory was begun in October, 1930, and carried on near� 

continuously until April, 1932, a large part of the time.using two 

shifts· per day. Tests on the 1:60 and 1:100 models of the final cle­

sign were carried on intel'mi ttently frOJ:i Septer.ib9r, 1938 • through 
i . ' 

1anuary, 1933. The plans tor the labor,tor;r at !.�ontrosa were atartel 

in February, 1931, and it was completed 1n J\lly ot that year. Teats . 
j 

at this laboratory were carried on continuously tram 1Uly until 

closed clown by freezing weather in December. Work was resume4 in 

August, 1932, and carried on tor about tour months. Including two 

small models not previously mentioned, a total ot eleven mo4els 

were tested, many of th8J!l with a large number of variations. using 

•1 
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linear scales from 1:100 to 1:20 involving discharges of 2 to 112 

second-feet. 

Throuehout the entire series of tests, close contact was 

1 maintained with the designing department in order that the plans 

developed should be sound not only from the hydraulic but alsQ from 

the structural and construction standpoint. 

Results of the Spillway godel ·:rests 

The results o:r the :model tests 11ere hi{?)lly aa tis factory. 

Tho f'orm developed is shovm by the drawings of the spillways on the 

Arizona and Nevada sides of tht'J Colorado River shown on Figures 1 

and 2 respectively. Thu location of the spillways with respect t� 

tho dam and othor features of the development is shown on Figura 3. 

These Sl)illways ar.1ply satisfy the exacting roquiremonts resulting 

from the unprocedcnted :Jagnitude of tho Hoover Dar.�, at a reasonable 

cost and with the assurance cf absoluto s3fety. �ithout these ex­

periments, tho sa::ie degree of security could only have boon obtained 

by tho uso of plans costing sovoral million dollars .r.1ore than those 

adopted, and the savings mado possible by these tests havo unquos­

tionably justified the extensive studios which wore carried out. 

The benefit of tho tests, however, will not be confinod to tho Hoover 

Deri1 alone. Idoas have been invostigatod and principles and data have 

beon dovelopod which will bo or groat benefit in the design of tuturo · 

installations of many typos . In order that information may be used 

on the :future spillway probloms of tho Bureau of Reclamation and 
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other onc;inoorin,-:; a:�;c�.cios , tho followiI}l; rl.}port of th.) tosts has 

been pr epare d. 

Hydrauli c Lahcrator�' o�· tl·.c So lu:."a do .Ac;r lcul turo.l College 

By the generous permission. of the Colnrado Agricultural 

College , the s: 1all scale experime11ts :'or the desisn of Hoover I)ar.1 

spillways were carr ied out in the ir hydraulic laboratory (Plate 

1-A ) which has been de sc rib ed in detail in the Endneerine ?Jews , 

page nC2 , Vol . 70 , Oc ·vober 2 ,  1913. The fn d l i  ties of the lal'or-

a tor y were adequate fo! tests o f  mo1e].s of : ioover spilluay as larr,e 

as 1:60 scale . The pnr!-:i:. ss ion to us -"".! the laboratory anci the hearty 

coo,erat ion of the �ollnge sta ff and o f  t he s taff of ti.1e U .  s .  Bureau 

of Agr ic ultura �. :SaCTinecrin,3 , -;::: to ordina rily us0 t!ie labo ratory, !.us 

been greatly np:,re ciate d .  

::?i �:,1..1r c 4 i s  a -lrc r :in .. : a t  t :.1e lnb J ratory s!1owin5 th0 luca -

t ion of the ri1odels f ir st c onGtructed. r.rhc flow wns obt:.i incd frou a 

reservoir of  3G , r] OO c ub i c  fe0 t capac it:1 locuted :.ipon a hill behind 

the laborato::·y (Flute 1-E ) .  � .e flo·,1 out of the reservoir ·,·,as con­

trolled by hancl-o)era t e d  gates . From these gates the d is char-�e 

passod into a ·.·,cir box 19 . 5  f'eet :!.ont� , 10 fee:;t ·;1ic.e, and 7 foot deop. 

In tho side of this box 13 foot u1)str car.� fro:r.i th(; wcs ir v,as a bypass 

which r,as controlled by a novablo crost, and another of s1�1allor dis­

cho.rgo � ontrol2..od by a valve . Fino adjustr.ients of the quant ity dis­

c h arge d throui;h tho model w.,,;re made by varying tho flow t�u-ough thuso 

bYr>ass0s . Tho hea d e,n the \7cir uas obsorved by means of a float �ge 

e-
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sinilar to that de veloped a t  t�1s Cornell Un iversity . *  The gage ·,ms 

*Trans. , Am. Soc. , C. E. , p. 1154 , Vol . 8..'3 , 1920. 

locatod in a sti llin6-:pool connected ·;,i th a main channe l by a pipe , 

as shmm in Fi gure 4. 

Tho d ischarges fo� all of the tests except the ser ies to 

determine the best crest shapo -:1oro measured hy moans of ei  the;r a 

90° V-notch weir (Plate 1-C ) or a 2 '  Cipolletti we ir , both of nhich 

had boon volu."'netrically cal i brote d. For tho oxperi�e;nts on tho drurr, 

gate nodol , tho crest of tho Ci::,ollotti ,;,c ir ,7Us somewha t su°t'nerced. 

To detcrl-:iino tl10 disc!-lare:c 1'or this cc,ndition an extens ive set of 

voltl!�otric cal i bration tests was r. lso nudo. The location of the 

glory hole and f irst s ide channel r:10dols aro shorm on �igu:r-o 4 .  

Tho : :ontrosc L--'1boratory 

Because of thQ trcr.:�ndous po·, icr or tho r.rator to bo handle d  

PY th�sc sp ill':rays i t  11as bul iovud to h e  noccssary to ta ::c every 

reasonable pr:,caution to·· insur e that they ·.-,ould tu:.i.ction in the man­

ner dos ircd. It r,as thoroi'or0 dec ided to bui ld a model on as largo 

a sculc as :1as rcasonabl:,· possi hlo , in order to indicate any d is­

crcpanc ios bcti100n tho action of the model and prototype which might . 
arise from tho s:Jallor size of th0 mode l. A model scale of 1 : 20 v,as 

decided upon for those tests . This required a d ischarge of 112 sec on d­

foot and a fall n ithin tho mode l of approximately 3C feot. As no 

7 
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laboratory rlf;is avu ilu�lc ;·;h i ch providod sat � sfuctvrY facilitius  it 

\18s decided to bui:d one on tr:e U:;1c1. 1,1pahgro Irri�;a·� ion Proj ect at 

:.:ontrose: in �outhwostorn Coloro.do. At th is point a drop in the 

South canal providuQ a ra11 cf  ap:,):.·o:cimatcly 50 foct  and a flo:1 of 

200 second-foot or more throut:,hout t::10 irrigntion souson . 

Fic;ure 5 is a drawing showing the layout of the laboratory 

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

VThen completed. The water was ta;:en out of the ditch above the 

chute throuc;h t·.-,o 1..i:8" c ircular s;ates shown on Plates 2-C and 3-A . 

A chec�� controlled hy 4"x�" needles (Plates 3-B and r. ) ·.-,a s installed 

below the c;�tes to ra ise the vroter in the ditch sl!ffi c ier:t l:">� in times 

of lor: flow to perrait thG d iversiun o:· the de s ir 0d quant it :r t �·irouch 

thu laboratory .  From t :1e inta :-:o r:ates t h0 r:ater : •a seed thi�ou -.:h tho 

tvro burruls of' the in ta: :,., c,,te struct.ur\,) into t1�u u:1pcr e�d of tho 

,-,0-ir chann,:d . ':1his cllannol \"!as of r10od frar.10 construct ion , 12 foot  

wide ,,i th  r:alls 8 foot hir:;h .  1I1h0 t otnl length of . this chann.:;l u:p­

strcar.1 fror.1 th� \, ,...: ir ·.,as 80 fe;ot .  At thu upper end v,or0 located 

throo sv ts 01' b.:� r.: ·: .... s to qu iet  th  ... .  ,.,,:1 tcr appronchinG thu \.\; ir (?lute 

4-A } . 'rhusc: baf1  .. lu s ·. ,oro built ·., H. 1 1 rancls of cross sla t s .  ·'i'ho 

spacing of t ho sl,.: ts \7ns var LJd uo a rosult of oxpcr iL10nt o  until  a 

vory unifo:r-m distribution oi' thl; volocit ios HtlS obta inud in thu chan­

nvl approachin�; tho �..,ir. 

At tho louor and of th,.; ·:1ood0n chunncl \rus located tho 

woir box and moasurinc rroir { lt,icu::· u  5 ) . In order that  t h0 •Jlov�t ion 
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PLATE 2 

A-PANORAMA OF MONT ROSE LABORATORY 

8- A�!OTHER /IEW OF MONTROSE LABORATORY 

C - HEADGATES O" MONT ROSE LABORATORY 

VIEWS OF MONTROSE LABORATORY 
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PLATE 4 

A- WEIR CHANNEL BAFFLES 

B-DOWNSTREAM SIDE OF lv' EASUR1,JG V/El k  
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of tho ,,a ir crest mi:Sht  not bo :mh jec t  to change, tho ue ir box \73.s 

constructed of � oncroto and r osted on tho shule bedrock . Tho s i do 

,.ialls and floor wore smooth . Ttvo dra ins 0xtondLd throuGh the noor 

of tho uc ir box by n eans of �hich the '7C ir -tan::: could be draine d .  

Tho �c ir ·.-ras a duplicate o f  tho Fr anc is woir ·;ri t h  suppressed con­

tract ions , o:>::cept that the length �·,as 12 feet instead of the 10 feet 

r1hich Francis used. I'he erect '. :as 4 . 6  feet above the floor and t he 

\:alls \7ere offset dorms trean f�om the crest to permi t aerat ion o f  

the nappe. The ueir plate \�s bu ilt up of steel pla te and structural 

steel shape s (Plate 4-B ) . 'L1he crest ';7G S forme d of a steel angle wi th 

ho1· izonto.1 crest 1/4" �1ide. Care r.es ta)_en to !:eep the upstreara face 

of  the ·ae ir Br.1ooth in  the vicini t �, of the crest and to keep t he up­

stre�1 c01·ner true and sharp . Ver y  LJr.1ooth cond i t io:1s of  1 .. lov, ov.1r 

tho we ir wore obtai nad (Plato 4-C ) .  Tho h0 ad on the \7u ir was 

obs&rvod on float c;agos of t ho Cornell t ypo se t in co_ncrc tt.; pi  ts on 

e i  thur s i uc of the wo ir box (Plato 5-A ). Tho scales r,cre hol d in 

metal fram�s attached to tho concrote in ordor thut the zeros mi ght 

not be chanGed by sm.dlinc of the uood. Tho float 11ells v1ore connected  

throueh a short sect ion of  rub bur {r-irdon hose to :piezanotor ope nings 

in thu ·.10 ir box ·,7<..1. J.ls, ii1 i�h  opon.:l d 6 fo0t upstroam and l .  0 :fee t below 

tho �o ir croct, as on tho Franc is �c ir . 

After pa us inr: over t ho -:io ir t!10 ·.1ator turned at r ight angles , 

paosod t hrou;;h anothor set of hn fflos (Plate 5-B ) into an expanding 

forobay nt tho (;n1 of .,.,h ich �rd �  located the a p il!...,·ru:�' r.ie,::1el. '11ho 

g 
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peculiar shape of the laboratory rc1s dictated bl' the necessity of 

having the water appr oach the model at r ight anr_sles t o  the spillway 

crest o Af'ter passing through the spillway and tu."1Il.8 1  model �  the 

water was discharged into a recta116-ular l7ooc!en flume which empt ies 

back int o the irrigation canal (Plate 5-C ) • 

THE GLORY HOLE SPILLYiAY EXPERn�s - MODEL C-1 

The :prel iminary dra\7ings of t he Hoover �n were r.1Sde with 

spill nays of the 5lor�r hole or shaft tne, but this wa s merely a ten­

tative desi:.:,;n, as it r,a s expected to mal:e extensive model exper iments 

and base the solection on the result s obtained from the1;! . The design 

of this tY:90 of spillr,a:, conte�·1plntod a d ischarga of 100 , 000 second­

foot  for each shaft , uith the \7ater surface in tho reserv oir at El. 

1234 0 5, half-Hay UlJ the parapet "ilBll or 2-1/2 feet abovo the top of 

tho dam . In Oi der to moo t  the conuiti on specified for the Hoover 

Dim Proj ect, that t ho dischurgu from a flood as !Large as that in 

1884 should bo carried aafiJly in the river channe l below the dam , 

tho tno sp ill,T� !'B had t o  11.mi t tho d ischarge t o  62 , 500 sec ond-feet 

(not including p ower house discharse ) at El. 1229 . 

The spi llway dCJsignod t o  meot these two requirements \11th 

thCJ prototype dimonsions is aho·:,-n on Figure 6 .  It  o onsi stod of a 

circular crost 234 foet in diar .• ctor of ogao cross sect i on below which 

was a morning glory sha:;>od runnol load ing t o  the 50- f oot d iamoter 

shaft . Tho purpose of tho ogoo crost wua to �lroduco a h i� discharge 

10 
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cooffi c iont , in ar dor to give a lurgo di scharge per foo t of crest 

lcmgth, as thi s r:ould onc1blo a aho:::tor cres"; to b0 usud, r csul ting 

in a smaller, ch�a?cr s�illm.Jy . 

Tho model of th i s  spill:.vuy wa� tas �ed  in the hydraulic 

lahoratory of t: 1e Colorado ..l7icul turnl College at Ft . Collin:J, on 

n scale of  l : GO or l" = 5 ' . The relation of the quantities in the 

nodcl to thoce in the prototype for a 1:60 scale are �iven in Tahle r .  

The mod8l o -:  the glor:,r hole for �on,.rnnionce v,as clesif;na ted 

as tho C-1 model, ·the C in:licutin�; Collins , an,: the 1 tliat it wa3 t !.e 

fL-- st r1odol tc s Jc c cl  U1orc . ·;1hur; 1 :--1 indica tes tr.e fourth r1odel t ested 

a t  r.. :on Jcrof;E: . As t:�c t e st s  Jcsc:d i,c d in thi!3 report nore car:cio d on 

w i.  th r:1ode ls of E0vcral d ifi'eront se3 l(;s , .:;ach of r1!1 i ch ho d different 

discha r ge a n,J o·'.:;her rolations to the prototyp�, a gr0a t dea l of con­

fusion will b0 avoid.::�  i.1.' t:i.10 corru s!_:•on(!i n{; dir..cns io:ts and disci1argos 

of t r:....; �l· otot;,r_p0 :.ire us· ... d rut ::..:.::-1· tb.m th0 actu:1 1 tli.lU:�t it iiJ s observed 

on thv model . Th i s  will a nubl-: c ompa:· i,3011!: to  b�; miJ. do bctwe;on tho 

purform3i:ce of 1.1oc:1.Jls of d iffer,.m-'.; scn lus ..-, i thout t ho llccussi ty of 

roducine; the v : . lu0 s on one to th.:, corrospondinc valuo s on the othor. 

Moreover, it Ylill enable ono to visuali::o and oppreciato the truo 

s i gnificance of tho effocts as  thoy v,ould upp�ar in thd octudl spill­

wuy in a way that the oxpros sions in torr.,s of tho actual model size 

c ould not do wi thout a great doal of computnt ion . Throughout this 

roport, th.3r0forc, all q1:anti ties such · a s  lengt!w, :.levations and 

d i  sch& rgos, will, unhiss othorwise stc tGd , t-� gi von in torxns of tho 

11 
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correspondin� quantities on the prototype rather than the actual 

qua�tities observed on the model.  

The discharge through the model was measured on a 2-foot 

Cipolletti weir . The �ater was led t o  the spillway through a series 

of baffles, which produced still water upstreara from the structure. 

The crest section of the spillway was built of paraffin. The paraf­

fin block was first cast approximately to the shape desired and t hen 

cut accurately to dimensions by a template in the form of a lmife or 

screed which ,1as revolved about an axis in the center of the spill­

vray shaft as shorm on Plato r,-A. The completed .crest section is 

shomi on Plate 6-B . .Uthough paraffin made a rather soft model, 

easily scarred or uic�ced , it was easily patched and for this type 

of model is believed to have boon as easy to build and satisfactory 

1n its op9ration as could have been secured with any other material. 

Sar.'le checking occurred, but this could be easily remedied, the only 

permanent change being to the appearance .  The vertical tunnel , ver­

tical bend and horizontal tunnel were for�ed of transparent pyralin, 

a m�terial similar to celluloid, in order that the action of the 

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

bend were r.iade of pyralin sheets 1/8 inch thick, formed in a hydraulic 

press. The s traight sections were about 18 inches long, flanged at 

the ends and vri th a longitudinal butt joint -,,,i th outside s trap . The 

90-degree vertical bond -:ras r . . ade up of foUT 22-i-degree flanced bends , 

each hond hcin� a i vided into two s irr,ilar flringed sec t ions on the plane 

12 
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:passing throu[;h the center line of the bend . The 90-degree bend was 

made in sections in order to facilitate construction and to enable 

experiments to be made w ith 221-de.;ree, 45-degree, or 67½-degree 

r,ends also. 

Results of Tests of Glory Hole Model 

�s a result of the spee�ing up of the Hoover Drun Proj ect 

as an er.iployment relief measure 1 it was necessary to  mal�e a decision 

on the general typo of spillway without the extensive tosts at first 

contemplated. In ardor not to  delay \'Tork on the side channel models, 

experiments on the r;lory holo type cons isted only of visual observa­

tions and photographs . 

In the dusign of this rorm of spillway it was assumed that 

thl3 wator would flow over th� crest and to\7ard the spillway shat"t in 

a ra1ial dir'3cti on ,  which uould ma:�e equal depths at all points equal­

ly d istant f'rom tho axis of the shaft , This would produce a srJooth 

condition of flo\7 in tho crest soction and · down tho vortical shaft. 

The model sho�cd, howovor, that t his  condition would not be obtained 

in tho s:) illway. A dist inct concuntrat ion of flow occurred along the 

radial lino from tho contor to tho point at tho back side of the 

spi ll\7ay forr,1ed by the ends of t ho two approach channels . Thia con­

centrat ion toolc tho form of a ridge , across tho intake section as  

shmm on Plato G ,  C and !>. As n result, tho water d id not flow domi 

th0 s hr!ft equally d i st1' ihutod around t hu v:alls , but in a concontrntod 

l •r \ I 



strea..":1 thnt jumped across the top of the shaft fror.1 the canyon wall 

to t he la'.:e s ide as shm1n on Pla t e  ? , and dropped dovm the shaft with 

a very irregular dis t ribut i on .  For very laree flows th i s  r idge or 

j e t  tended to  seal the t op of  t he s h3ft and r.ause a mtc tion and pul­

sation wh ich was very un :lesirahle. Th i s  act ion pas sed thr ough a 

cyr. le of t1'.ree stages as shmm on Pla t o  G. In the f ir st star;e , view 

A ,  t lw s trear:l fl owinG nc:ross the top of the shaft s ea le d the t op and 

a suction resulted wh i ch drew t he water <lc ·,m into t he sha ft as sh own 

ty view F. \'then the vacuv.m iYi t he sha .rt � s  bro \ :cn by the entra n ce 

of air frorr. above , a distint:! t piling up o f  t ho \V'ltcr occurred �� 

the top of the � ha ft as f;h mm in view c .  Thi s  was followtJd hy the 

r.ondition shom1 in view A and a re pet i t ion of t ho cyc le. 

Stud ios  were und�rta i·:cn to ohtain a noro o quul cl is tr i bu tion 

of flow in 't he inlet �ec tion of t Lo spillway. Tho ,! oncen·�rat ion of 

flow was f ound to be due to the fact that the ,-:at er d id not ent er the 

inta:-:e section in a radial d irec tion. To hring t he co:Jt  of tho spill­

way to a reasonable fiG:1:-e , i t  wac no� essary to se t the s t ructur e 

partially in an excava tion in the s i de of tho canyon and aQout holf 

of the 11ater passing ovor tho crest is carr iod t o  tho c rost in the 

excavated channels A and B ,  in w h i ch the dire ction of flow is not at 

right anglos to tho c rest but follm7s tho paths shown in Figure 6 .  

The water approac h in;_; ti10 crest , thoroi'ore , has a c omponent in the 

d irect ion of the crest� and did not flow ov3r it rad ially ,  but t ool-: 

an inclined d irecti on as ehmm by the stroar_ linos of th1J figure . 

14 
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A-[JISCHARGING ONE- QUARTER CAPAC I T Y  

B-DISCHARGING ONE-HALF CAPACITY 

C-DISCHARGING FULL CAPACI T Y  

LOOKING DOWN O N  GLORY HOLE CREST- MODEL C - 1  
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As the water approached the center of the mornin€; glory shaped sec­

t ion , more of it tended to conc ontrate at C nnd en: er the shaft on 

that s ide , cnuninr: u disturbed � ond. iti on of !'low at that point. The 

d irections of the se c a!"rents were deterr:ined by insert ing coloring 

matter into the v,ater ns :.;horm on Pla ce 9. View A shows the direc­

tion of the stream a lonG the ri dge of c onc entration lead ing rrorn the 

end ::;  of the two approa ch channels . Th i s  wa s  racl ial , a s  s hown by the 

t.lac k streak repre scnt i :H; the path of tho colored wator , since the 

1'low from the two app2· oac h  <!hannels ,;-,hic h  were incl i ned in  oppos ite 

direc tions and halanc e d  aach other. At 90° to this line the flow 

wa s not ra dial � but was nE;arly t angent to the odgo of t he s haft as 

shown on view B. It �as the concentration of these non-rad ial flows 

wh i ch forms the r i dge . 

It is  bel ie ve d  that a more even distribution of the flow 

enter ing tho spillway sh�ft could have been secured with radial piers 

on the cru st and on the uorn ing glory sho.p�d section , similar to those 

us{, d  on the Davi s Bri a.co sp i llwa:,. * It was intendod t o  test this out , 

*The Hydraulic Des ign of t he Shaft Spillway for the Davis Bridge Dam, 
and Hydraulic  Test on  Wor: :inc r�'.oc'.ols , by  Ford Kurtz , Trans . ,  .A. s. , 
C • .z •. , p .  1, Vol •. 88 ,. l92!J • 

and a s01,.owhat simi lar S(.;t in tho up:.,roach channel ,. as shmm on Plate 

9-C wore tried out , w i th so1.1cwhat favorable results .  Howovor , the 

effect of t he impact of tho 0.�otor at the bottom or t he vort icol shaft 

would obv iously bo so much more aovore even w ith a perfect distribution 

15 
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A· DIRECTION OF STREAM FROM ENDS OF APPROACH CHANNEL 

B·DIRECTION OF STREAM 900 "ROM C:NDS OF APPROACH CHANNELS 

C - FLOW COND'TIONS W I T H  GUIDE VANES 

GLORY HOLE OR SHAFT SPI LLWAY - M ODEL C - 1  



of flow than after sliding down the inclined shaft from the side chan­

nel ;  w ith the unprecedented velocities resultinG from the 600-foot 

drop at the Hoover Dam it was believed to be safer to use the side 

channel type , and as an immediate decision on the work on tha glory 

hole general type was necessary in order not to delay the work , the 

side channel type was adopted and the model discontinued. 

SIDE CHANNEL SPILLWAY EXPERn.mNTS - FREE CREST TYPE - MODEL r.-2 

The first side channel plan for the Hoover Dari1 contemplated 

a plain ogee crest without gates � · The design of this spillway is shown 

in Figure 7 .  This crest had a discharge capacity of 31,250 second-feet 

at El. 1229 and 100,000 second-feet at El. 1234. 5 ,  the same as the . . . 

glory hole type , but the spillway side channel and the tunnel had 

sufficient capacity to take care of the flow over the crest up to the 

top of the dam, or approximately 140 ,000 second-feet. The model of . . 
this structure was also erected in the Colorado Agricultural College 

laboratory on a 1: 60 scale � The position of the apparatus is shown 

on Figure 4� The water 1:ieasurement apparatus was the same as that 

previously described. 

The Construction of the Model 

The side channel of this model was constructed of galvanized 

sheet iron supported on sheet metal buttresses . It was expected that 

several sizes of channel would be tested and the buttresses wore de­

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

16 
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sli 6ht chan(�es of the pos it ion of the buttresses .  The ogee crest 

of t he struc tur e  was made of paraffin (Plate 1O-D) . A sloping floor , 

sir.iulat ing the sloping !!1ountain s ide intersect ing the vert ical face 

of the spi llwny �rest 35 feet below the top , was placed in the ap­

proach channel to the sp illway (Plate 10-C ) .  The transit ion from 

the trai:ezo idal section of t he side chan:iel to t he c ircular 5O-foot 

dia::.e ter sect ion of the t unnel was constructed of re inforced con­

crete . It \\Gs bui lt in halves, d ivided by a vert i cal plane al ong 

the center l ine .  Plaster of Par i s  cores for the opening were cnst 

around accurately spac ed t�.1plates , shown on Plate 1O-A . A re in­

for c in0 of rods was built around the core {Pla te 10-B ) and the tran­

sit ion cast around th'".!Se us ing Lm.mi te cement. When the cement had 

set the core was rer:oved and t ho two ha lves were bolted toc;ether. 

Three windov,s were r,ast into the t op through wh ich the flow in the 

tr3nsiti on could be obse�ved . These windows could he �losed with 

conc rete plugs ac curately cast to f it the shape of t he top of the 

transit ion . Tho s8r.'lo pyral in tube \7h ich  formed the model of the 

vert ical shaft and tunnal for the glory hole modo l  \Vas uso d for the 

inclir.ed and hor izo!l tal tunnols of this model . Tho slope of the in'"' 

clined tunne l ·.:,as 45 dcgroos ·,1ith tho hor izontal and th� be;nd be ­

tween the tv,o sect ions of tunnel was forruo d of two of the 22½-degre e  

1'ends . 
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A�t ion Cff the J."ree C:..·est :.:od.el C-2 

The act ion of the spillway channel for flows of 50,000, 

100 , 000 and 150 , 000 second-feet is s:wwn on Plate lL A flow of 

150 , G00 second-feet enter in� the tunne l por tal is  shown on Plate 

12-C . ?or these flows the nap�e passinG over tLe e,gee crest plunges 

under the ,rater in the trou1_;h a,.._d causes the water in the trough to 

flow with  a spira l r.1ot ion, the :i- ;ot ion at the bottor.i of  the ·channel 

being from tr.e we h· s ide across diagonall:,, to the opposite side . 

Undur favoratle conc:H tions thiG sp iral r.iot ion is so pronounced that 

the centri fugal force tends to novo the solid water to the outside 

of the spiral and t he li ' ;hter air bubbles are forced to tho cent13r , 

forrr.ing a core of air in tho center of the spiral for t ho full length 

of tho channel �  When the diDcharge was raised sufficiently above 

that for which the spillway was designed, the depth of flow at the 

upper ond of t he trou6}1 is raised until the nappo no longer dives 

under tho water in tho trough, but passos over tho top , as shown in 

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

s ito direct icn fror.1 that forr.10d when tho nappe dives under. Fur ther 

down the troueh tho water level is lower and tha nappe still divos 

undor ,  with the result that th8 spiral at tho upper end tends to 

turn in a cloc l�viso direct ion loolcing downstream and that at the 

lower ond in a counterclocnvise direct ion . At the junction of theso 

two motions thoro is an unstable condition set up and the point whore 

tho nappe chang0s froni a countorcloc1cwiae to a c lockwiso condition 
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P L A T E  1 2  

A- PULSATING FLOW CONDITION - LOOKING UPSTREAM 

B- PULSAT I N G  F LOW CONDITION-LOOKING DOWNSTREAM 

C-FLOW AT ?ORTAL ENTRANCE 

S I DE C H A N N E L  SP I L L WAY - MODEL C - 2  
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moves up and dorm the c!1�nnel over a considerable range , giving r ise 

to a sort o:f pulsat ing condi t ion of flow in the charu1e l. The divis ion 

point between the cou�terc loc �cv1ise and c loc !:rri se rotat ion is c learly 

shown on Plate 12-D . 

Scope of -·�uanti ta t i  ve J:xper im�nts 

Soon after this model was completed it v,a s de c ided to in­

crea se the capac i ty or each S!)illnay :frcr.i 100 ,000 second-feet to 

200 , 000 second-feet . Thi s  necess itnted a redes ign of the spillway 

ancl while the office  stud ios to devolop the most oconor.ii c des ign 

for this size ncro under ,Tfly an oxtons i vo ser ies of ox::;>eriment s -r1ora 

carried out on this nodol to chack �ho theory of tho sido c l}.[;.nne ! 

spillway and to invest igate a number o:f -:-�YS of reduc ing its cost . 

The ba s ic theory of the s ide chonnol s�i11,.-,-ay vras dovul­

opod by r,:r .  J"ul ian Hinds* and is based on tho assumption that all 

*Sido Channa! Spi ll�ays , J"ulian Hinds , ':'rans . , A.� . Soc . ,  c. E. ,  p .  881 , 
Vol. 89 , 1926 . 

the energy of tha nator fa lling over the apill'78y crest is diss ipated 

aa hoat and . tho flOTJ dorm tho spill":78y trough is caused only by tho 

uator sm- :f'llco s lope � this channvl it solf'. 

Thorc �oro four series or tests,  the c ondit ions of oach being 

as :follous : 

I '?ho sido channol ,11th trapezoidal cross sect ion· a s  dos ignod , 

6 r.ith var ious dischargos . 

19 
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II various discharges with submerged weirs across the downstream 

end of the spillway channel to change the conditions of flow 

in it . 

III A channel with the sa:::ie sides as  the orisinal des ign but with 

a not floor at a higher elevat ion, for�ed by a false bottom. 

IV A channel with prac "'.; ically the same sides as the or iginal de­

s ign �t rri th t!le botton fol'r:1ed by a circular ore tant;ent to 

the sides (Plates 15-A and B ) . The bottom of the channel of 

this model  wa s  slightly hiS:1er than the or !6inal design .  

Hycraulically , the side channe l spillv,ay i s  a very ineffi­

c ient device , as so muc:1 of ti1e ener�· of the water which falls over 

the crest i s  used  up in heat and does not cause flow down tho side 

channel. If  part of the energy could be used in pr oducing flotr along 

the side channel ,  a greater voloci ty in 1 t would result and a im.aller 

and cheaper channel c ould therefore be used. To a certain extent 

this  can be acco�!)lished by moans o: gu ide vanes or deflector s  wl':ich 

direct  the flom.nc '78ter after passing ovor the crost into a direction 

more or less parallol to the c ,mtor line of the channel . Different 

types Gnd comb ino"; ions of defle ctor vanes were trie d  to deterr:dne how 

much could be accom:9!ished in roduc ing t ho  spillrray cost _by this means . 

One typo rri th vt!nlJs on tha crost i s  shO\m on Pl.at'cs 13-C and !>. 

Ono of thu uneorta int ios of spill\.-ay dusi]Il is tho allommce 

,1hich IiltlSt bo nado for tho a ir t . .-hich is entrained in tno sido channvl , 

duo to tho turbulont cond it ions of flow exist ing therein. Tho thvory 

20 



' 

A- LOOKING UPSTREAM 8-LOOKING DOWNSTREAM 
S I DE CHANNEL W I T H  ROUNDED BOTTOM 

C - NO DISCHARGE 

D-DI SCHARGING 
SIDE CHANNEL WITH VANES ON THE CREST 

S I DE CHANNEL SPILLWAY - MODEL C - 2  

P LATE 13 
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·as develop�d by Hinds r.ons ider s only so lid water , but if  a quant ity 

of a ir is entrained in this water , its· volut1e is c or respondingly in­

crea sed and the size of the channe l  neces sary to carry it  is  pre sum­

ably increa sed a lso . Measurenent s were therefore made of the a ir 

entraine d  in the flm1 t�u·out:h the r.:odel .  

The result s o f  these tests were largely ne gat ive f'r cm  the 

standpo int of pr od,.1c ing r:mch sr.1oother condi t ions of flow in the s pill­

wa!r • They are of intere st , however , from a hydrauli c  s tandpo int and 

will be de scr ibed in deta il  in the later por t ions of  th is  report . 

THE STUffi'" �ATE SIDE CI:A:·mEL S?!�'7/AY 

When the dec is ion wa s  made to build for a t ota l spillway 

ca�ac ity of 400 , 000 secor.d- feet instea d of 200 ,000 second- fee t ,  the 

first de s ign worked out to ac complish this increase in ca pa c i ty con­

s isted of a side channel spi llway wit h  crest length o f  ?00 feet d is ­

c harging 125 ,000 second- fe ..:t  and a 50-foot by 50-foot Stoney 5,ate at 

the end , with a capar. i ty of ?5 , 000 se cond-feet.. Th i s  des ign was in­

cluded in the c ontract dra�ir..gs ( drawing No . 45-D-940 ) .  Further stud­

ies showod that a reduc t ion in cost could be obta ined by reduc ing the 

length 0f the sp il1-::1a:" and increasing t he s ize of tho Stoney r;ate.  

The dos i gn  sho�m on  Fi�e 8 n-as develope d which used a 400-foot crest 

without ga tes , untlor a 10 . ?-foot hoa<! , giving a dis charge of 50 , 000 

socond-fcot and a Stoney gate 60 feet wide and 80 feot h igh �ith a 

discharge capacity or 150 , 000 second-feet . Tho t op ot: t he Stoney gato 

21 
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when closed was at the sane elevation as the crest of the weir , and 

under certain conditions water passed over the top of the gate • 

Stoney Gate Eodel C-3 

A model of the stoney {!JJ.te spillway shomi on Figure 8 �s 

built on a scale of 1 : 60 or l inch = 5 feet at t�e Colorado .Agricul­

tural laboratory. Dro.r,rings of this model are given on ?igures 9 and 

10 . �ith this scale the model of the spillnay,  not including the 

tunnel, r.ras about ? feet long · and 1-i- feet high and the discharge 

through the model .ro.s approxunately 7 .2 second-feet.  The relation 

bet�,roen the model and prototype f}Uant itios is the same as tha t for 

the glory hole model or n linear ratio of l : 60 (see Table I )  • .  

The trough of the model was constructed of a wooden :rrmue 

c ovored ,1 1th tr,ll vanized iron as shOim on Plate 14 . The ogoe crest 

and the \78rped section below the gates were of wood . A:rter assem­

bling the portions of tho model tho surfaces representing the con­

crete wore painted with gray Duco and the remainder rod enamel , to 

contrast in the photographs. The topography oi' the canyon side in 

the vicinity of the spill-rmy �-,as of a lnmellar l'lood construction 

�1th. boards of a thickness correspondi ng to 4 feet on tho prototype, 

vhich riero cut along the contour lines. The trtlnsi tion from the 

trapezoidal side channel to the circular inclined tunnel nas con­

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

shown on Plate 14-B. T'ne staves were smoothed down and painted on 
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A- INCOM P L E TE MODE L .  
LOOKING DOWNSTREAM 

C - INCOMPLETE M O DE L .  
LOOKING DOWNSTREAM 

B - I N COMPLETE M O DE L . 
LOOKING UPSTREAM 

D- COMPLETE M O DE L .  
LOOKING DOWNSTREAM 

STONEY GAT E S I DE C H AN N E L  SP ILLWAY - MODEL C - 3  

PLATE 1 4  



1 

TABLE I 

Relat ion of Quant it ies in Model and Prototypo 

_________ r,_\_u_t �o of Protot:,rpe to  r :oclcl 
: In Terrr:s : 

S'.uan t it ie s : of �;* : For 1 T  == 20 : For l\ = f>O :For rr = ,;4 :�or N = 100 : For N = 10, 

Lcn,;th 

Ar�a  

Volume 

Ve loc ity 

Disch�rgc 

Ti�-::c 

Enc:rgy 

Impulse 

N 

N2 

N3 

N0 . 5 

N2 - 5 

rf - 5  

N4 

N�"> . 5  

20 : 60 : M 100 106 

400 : 3 , 600 : 4 , 096 : 10 , 000 : 11 , 231 

e , coo : 2rn , ooo : 262 , 144 : 1 , 000 , oc,o : 1 , 191 , 01 ,  
: 

4-. 472 : 7 . 74n : 8 10 : 10 .2 : . .  

l , 78e .8 2 7 , 885 : 32 , 768 : 100 , 000 : 115 , 6B: 

,1 .472 : 7 .  74n : 8 : 10 10 . 2�h 

l60 , 000 ! l2 , 9 CO ,OOO : l� , 77? , 21A : 100 , 000 , 000 : 126 , 247 , G� 1  
. . . . . . 

35 , 777 : l , G73 , l35 : 2 , 09 7 , 152 : 10 , 000 , 000 : 12 , 262 , 22� 

* N = nat io of lineal dir�ensions of tho pr ot otype to thoEe o f  the model. 

Th� model rat io  i s  usunlly expre ssed in terms of l :N.  
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the inside and the outside coated with a thick layer of paraffin to 

prevent swelling. The model with the adjacent topography is shown 

on Plate 15-A. 

The flow through the model was measured on the 2-foot 

Cipolletti weir previously described. The water surface in the chan­

nel was observed by means of a point gage extending down from level 

parallel bars above the channel as  shown on Plate 15-B. A large 

n��ber of piezameters was installed in the vicinity of the gate 

transition to observe the pressure there. The location of the pie­

zameter openings is sho\T.:?. on Figures 9 and 10 and the glass tube 

gaccs with which tho prassuros wore observed as shown on Plato 15-C. 

Outline of Tests 

A large number of tests were made on the Stoney gate model 

to deterraine whether reasonably snooth f'low conditions could be ob­

tained in it , and whether it would have the discharge capacity for 
. r 

which it was designed. : A number of changes were made in the model 

to improve the flow conditions, the results of uhich were also re-

corded. The followi.ni is a brief outline of the observations which 

were made in those teats : 

A. The Orisinal Design. 

1. Flow for probable conditions of operation. 

2. Flow over spill\'18y crest only. 

3. Flow t hr ou,:;h gate only. 
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P LATE 1 5  

A -COMPLETED MODEL WITH TOPOGRAPHY 

8-0SSERVING WATER SURFACE ELEVATION WITH POINT GAGE 

C- PIEZOME TER l::lOARD FO?. OBSERVlt'1G PRESSURES 

STONEY GATE S l ut. C ,-j A N N E L  SP I LLWAY - MODEL C - 3  



B. Alternatives in the Or i61nal Design. 

1. Effect of dentated ba:!'fles on channel floor. 

2. Flow conditions with vario4-s types of Stoney 6-ate piers. 

3. Effect of alterotions in gate approach chanr.el. 

4. Result of lengthening the transition hetween the rectangular 

gate section anC:. the trapezoidal section of the channel. 

5. Effect of �ide walls at ends of ogee crest. 

G .  Flm·, conditions with raised floor (to obtain data for drur.i 

go te design } . 

C .  Doterr.lin3tion of Dischar{:;e Coeff icients . 

1 .  Detarrdnation of crest d isc�argo coefficient . 

2 .  :ceter.:-.1ination of Stoney gate discharge coefficient . 

3 .  Investication of effect of  Stone:,r gate dra·R down on dis­

charge ovor w� ir crust . 

In tho follo•:1ing paragraphs the action of th..:; spillrtay and 

changes �iado to try to ir11)rovc it nill be described. Tha result s  of 

tho quantitat ive hydraulic oxpcril�:1ts -1ill bo discussed in a lator 

portion of this report . 

Flm·, undor lJorr.ial Cpera tin.; Conditions 

In the spill713y shown on Figure 8 the top of tho Stonoy 

gate, �hen closed, is at tho sarnu elevation as tho top of the ogoe 

crost. Under norr�al operating conditions, if the water rose in the 

rcs0rvoir, it would flow over both tho ogee crest and the top of tho 

24 
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gate . unt il tho discharge correspondod to approximately 60 ,000 second­

i'eot , being tho flo,.- which oould pass when tho rasorvoir roached th-:, 

maximum flow lino or Elevation 1232 • .  If the reservoir tended to risa 

further , the Stoney £!!).te would be opened enough to prevent the reser­

voir rising above elevation 1232. For flows between 60,000 and slight­

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

bring its top above the water level in the reservoir and there would 

be a discharge over as well as under the gate. For greater discharges 

the top ot the gate would be above the reservoir water level and all 

the flow would pass beneath it . 

The conditions of now 1n the model tor each multiple of 

20,000 second-feet discharge aro shown on Pl.ates 16 to 20 inclusive. 

With the lower discharges most of the flow entered the spillva&7 over 

the ogoo crest and the condition in the channel was similar to that 

in the :rroe crost si¥ channel type proviously described. In the 

bottom ot tho channel it piled up on the aide opposite the crest to 
I 
I 

a higher elevation than on the s ide  adjacllnt to tho crest. At about 
I 60,000 sacond-foet discllargo , .thoro was a distinct stat ionary wave 

against tho back side of tho channel just bolol7 the g&to as show on 

Plato 17 .. As tho :flow was inc:reasod this wavo bocamo highor and 

movod soJ'al&what dovmatroem. The flow in tho channel was very turbu­

lont and much higher on tho back s ido ot  tho ch&nnol. AIJ the, 41s­

chargo approachod tho dosign capacity tho flou con41t1ons became 
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PLATE 1 6  

A - LOOKING DOWN STREAM B- LOOK I N G  UPSTREAM 
DISCHARGE 20000 SEC F �-

C - LOOKING DOWNSTREA;,1 D- LOOKING UPSTREAM 
D 1 SC .... J.:>G� 40.000 SEC FT 

STONEY GATE SIDE C H A N N E L  S P I L LWAY - M ODEL C - 3  
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A- LOOKING DOWNSTREAM B - LOOl� ING UPSTREAM 
::JISCHARGE 60,000 SEC FT 

C - LOOKING DOWNSTREAM D- LOO K I N G  UPSTREA'.' 
D I SCHARGE 80.000 SEC FT 

STONEY GATE S I D E  C H A N N E L  S P I L LWAY - M O D t. L  C - 3  
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A - LOOKING DOWNSTREAM B-LOOKING UPSTREA\' 
D I SCHARGE 100,000 SEC. FT. 

t 

C - LOOKING DOWNSTREAM D - LOOKING UPSTREf,:/ 
DISCHARGE 120.000 SEC FT 

, : ')NEY GATE SIDE CHANNEL S P I LLWAY - MODf I , 



PLATE 1 9  
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A- LOOKING DOWNSTREAM B- LOOKING UPSTREAM 

DI SCHARGE 140.000 SEC FT 

C- LOOKING DOWNSTREAM D - LOOKING UPS H,EM,', 
� c:;r u t.i. or .. c •f;')l"V"\0 SE(" r · 

STONEY GATE S I DE C ri ANNEL SPt _ � NM - MODE L C - 3  



PLATE 20 

' 

A- LOOKING DOWNSTREAM 

DISCHARGE 180,0G0 SEC FT 
B - LOOK I N G  UPSTREAIV 

C - LOOKING DOWNSTREAM 

D I SCHARGE 200.000 SEC FT -THE DESIGNt.D l./,PA::.. -:- ,  

S T O N E Y  GATE S I DE C H A N N E L  S P I L LWAY - M ODEL C - 3  
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somewhat smoother, due no doubt to the greater flow beneath the gate 

and the relatively snsller importance of the flow over the crest, the 

worst condition being about l20-13C,OOQ, sacond-feet discharge . In 

all cases the water had a spiral motion and the greater depth on 

the back side c ontinued throueh the transition and into the inclined 

t unnel. With the flow over the gate and crest, the condit ion at the 

downstream end of the transition is shown on Plate 21-A. With a 

200,000 second-feet flow t he water still had same spiral flow but 

the longitudinal flow from t he gate gave it a greater longitudinal 

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

(View C )  t here was no spiral, but nith 200,000 second-feet over the 

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

Flow over the Crest Only and through tho Gate Only 

Observat ions were made on the floTT in the channel with tho 

gate blocl:od off and all tho water falling over the ogoe crest . The 

discharges ·.-,ore r.ar:riod up to 200 ,ooo socond-foct al though this was 

a much greater di  schargo than the crost t!S.s designed for and nacos­

si tatod a higher level in tho reservoir than �ould be possible at 

Hoovor Dam. PicturGs of the conditions for vorious discharges are 

given on Pl.a to 22 . Tho conditions of flon ua:ro similar t o  those 

found in tho froo crest side channel (Model C-2) , havine the high 

ridge on the rear side of tho channol. 

Obsorvations �ore also ma.do on tho flow through the gate 
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-l.- FLCW OVER CREST O.ND GA-E 
POND AT ELEV 1232 

C - F LOW THRU GAT E ONL( 
::>:SO-ARGS 200.000 s::c. F -

P L A. T E  _ ,  

9 - F LOW OVER C.REST AND THRU GATE 
DISCHARGE 200,000 SEC. FT. 

D - FLOW OVER CREST ONLf 
"'I SC'-, .>,R<-E 200.000 SEC FT 

CONDI T I O I'< OF FLOW AT END OF T RAN S I T ION 

SECTION Oi" STON=. ( GATE S I DE CHAIJNEL SPI L L WAY - MODEL C - 3  
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,...- DISCHARGE 40,000 SEC. FT. B - DISCHARGE 100,000 SEC. FT. 

' 

C - DJSCHARGE 150.000 SEC. FT. D - DISCHARGE 200,000 SEC FT 

F LO W  OV E R  CREST ONLY - MODEL C -3 
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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 pili!lG up or the water on the crest side near the entrance 

to the tunnel, as shown on Views A and c .  This was o f  about the same 

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

a relatively greater disturbance for the small flo�s . There was 

also some piling up on the rear aide of the channel ,  due no doubt 

to the curvature of the channel. This was especially noticeable 

at hi3h discharges ; the water rose on a ridge first on the rear side 

of the channel and then swung across and piled up· on the crest side . 

For low and mediur.i flows the water passed under the Stoney gate with 

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

and the ogee crest at this point. 

Dentated Baffles on Channel Floor 

A row of dentatcd baffles was placed on the channel floor 

to reduce the rotary motion of the water by dissipating the velocity 

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

of the ridge on the side of t!1e spillway channel opposite the crest • 

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

ing them hac!-: toward the crest side. Two heights were used , the 

. larger heigh"t ( 15 feet } is shown on Plate 24-A. For the lower dis-
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A - LOOKING DOWNSTREAM B - LOOKING UPSTREAM 
DI SCHARGE 100.000 SEC FT 

(.- LOOKING DOWNSTREAM D - LG"�' 
DISCHARGE ISS.000 SEC FT 

F LOW T H RU GATE ONLY - MODEL C-3 



charges the action of these baffl es was very satisfactory, as they 

reduced to a large extent the height of the ridge on the rear side 

of the sp illway (Plates 24-B, C and D and Plate 25-A) . A comparison 

of the ac tion with and w ithout sills for a discharge of 150 ,000 sec­

ond-feet is shown on Plates 25-C and D respectively . For higher 

discharges the effect of the baffles was less, as the water passing 

over the crest represented a smaller :proportion of' the total dis­

charge, and the deeper water in the channel dissipated more of the 

energy of the water coming over the crest before 1 t reached the baf­

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

baffles used in the model were constructed of sheet iron and could 

not be duplicated in the prototype without a considerable thi�Jcentng. 
r 

which would have of'f'ered more obstruction to the flow , but as the im-

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

furthar sttjdy was made along this line . 

Typos of stoney Gate Piers 

In this sp illway as originally des igned, the struct-�e 1D 

which the gate was set presented sharp corners 011 both sides to the 

flow of the 11ator entering tho gate (Plate 26-A) . The corner on the 

hill sido did not cause muc h disturbance , as it did not project fa:1-

out tram tho s ide of thu channe 1 leading toward the gate. · on the 

ot�er side , however, a pronounced swirl was set up , due largely to 

the \78ter boinc drawn tortard the gate at a sharp angle past the and 
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A - I5 FT. DENTATED BAFFLES 

C- FLOW OF 40,000 SEC. FT 
WITH BAFFLES 

B - FLOW OF 20,000 SEC FT. 
WITH BAFFLES 

D - FLOW OF 60,000 SEC F1 
WITH BAFF LES 

DENTATED BA FFLES ON CHAN N E L  FLOOR - MO D E L C - 3  

PLATE ?.4 
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A - ENTRANCE CONDITIONS FOR 
STONEY GATE 

C- ROUNDED NOSE ON 
GATE P I E R  

8 - S W I R L  AROUND OUTSIDE 

GATE P I ER 

D - F LOW W I TH ROUNDED 
NOSE ON· PIER 

E F F ECT OF STONEY GATE P I E RS - MODEL C - 3  

PLATE 26 



of the struc ture support i ng the ga�e . To c orrect this swir l a rounded 

nose wns placed on the outer pier :.1s s hmm on Plate 2n-C , bt!t this did 

not cause ap11rec iB l:le irn11ro7e:-:�en·c a s  t he ,vA ter st i ll fl owed fr on around 

the end of the gat e  pier . A c urved approach wa ll v,a s t hen pla c e d  above 

the outer ga te p ier ,  as sl-: own on Plate 2 7-A. 1:'hi s  cut off t he flow 

around t he end of t he p iar n nd pr oduced smooth entrance �ondi t i ons as 

8 '. :mm in Vie·.-., B .  The exuc t pos i t i on and dir.iens ions o f  the se we lls 

toget her w it h  a disc uss ion of t he ir effect  on the flov, t hr ough t i.1e 

ga te are d iscus sed in the lR ter sec t ion of t he repor t deal i ng wi th 

the hydraulics of the St one y  gate .  

Shape of St oney Gate Approa�h Channel 

Exper iments were undert aken to determ ine how much t he c o st 

of the spillway might be red 11ced by cutt irlf: dmm the exc ava t i on in  the 

ap:,roach chunne l t o  t he St oney [;U te . Four shapes of approach c hanne l 

were teste d .  The d �nens ions of these are shom1 in the se c t ion on 

St oney Gate hydr auli c D .  The s id es of t he c hanne ls  were formed by t em­

porary sheet iron wa lls , a s � �1ovm on Pla te 2 ? - C .  I n  t h e  or iginal de­

s ign there wa s a s�n c e  of nearly clead wa ter along t he r ight s i de of 

the approach channe l .  ';1ith the c i1anne l narrowed , th i s  cond it i on wa s  

removed and t h e  flow con:.: i � i cns of the wa ter approach ing the gat e  

were not adver se l�r affected . It wa s found that t he s ize of t he c han­

n3l could be reduced nearly one-third wi thout apprec iable detr iincnt 

to t he act ion of the incoming water .  :Espec ia lly good cond iti ons were 
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A - N O  F LOW 

PLATE 2 7  

3-DISCHARGE 200,000 SEC F -

CURVED APPROACH WALL ON O U T S I DE OF STONEY GATE P I E R  

C-TYPE I - NO FLOW 

D - T Y PE I - DISCHARGE W I T H  
RESERVOI R  A T  E L E V  1232 

'EF FECT OF SHAPE OF GATE APPROACH CHANNEL- MODEL C - 3  
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obtained by a combination of narrowing the approach channel on the 

right side and with the curved �11 on the left side , as shown on 

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

ditions ,  as shown on Views B and c .  The _discharge coefficients fer 

these condit ions w ill be d iscussed later . 

Tra�sit ion from Gate to Channel Section 

The shape of the c;ate approach channel did not greatly in­

fluence the flou in the side channel section , as the v.e.ter upstream 

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

through the crit ical depth at tha gate section and downstream from 

that point was at less than critical depth. In this condition it 

is very difficult to change its direction without producing a dis­

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

to t he trapezoidal channel section takes place rather suddenly, giv­

ing r ise to a rather rapid enlargement on the rear or h ill side of 

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

the channel sections . These conditions combined t o  cause ·a wave to 

rise on the rear side of the channel just below the gate as described 

on page 27. By making the transition longer and the change of d irec­

t ion less abrupt , as shown on Plates 29-A and B ,  the height of the 

wave below the transition was considerably reduced , although it was 

still pronounced ,  as shown on View c. 
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Stoney Gate 'l}l>e Abandoned 

Although several chanGes in�icated that improvement was 

possible in the Stone�,r gate spillway as f irst designed, no major im­

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

channel straig.�t and putting all the curvature into the gate approach 

channel where the flow was below the critical velocity and therefore 

easily changed in direction, much better flow conditions in the spill­

.-,ay and tunnel could have been obtained. This , however, would have 

greatly increased the co st. A decrease in the drop between tho water 

sur face in the reservoir and that in the channel ,brought about by 

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

have decreased the head on the gate and roquired an increase in its 

already unprocedontod size. Moreover, the geological conditions at 

the site of the Arizona spillway of . this type were unfavorable, and 

as est imates showed th.at the cost of a _spillway w1 th drum gates uaa 

very favorab�e, attempts to further perfect the Stoney gate modol 

were discontinuod and further tests on it were made only to aid 1n 

tho dosign o;t the drum 9:1te type. When later experiments developed 

a satisfactory type of drum gate spillway, the idea of  using the· 

Stoney gato typo was abandoned. 
!" 

Etfoct of Channel Slope 

Tho latter part or tho tosting ot  the Stoney gate model \188 

carried on at tho sarle time as thoso on tho tirst drum gate model at 

tho Montrose laboratory. When unaatisf'aotary conditiona dovoloped 
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in the drum cate model , experiments were made on the Stoney gate 

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

gate spillwa:r. In these tests the Stoney gate ,ma blocl:ed off and 

the model operated as a free crest side channel opillway. The slope 

of tho floor of the Stoney gate model wao  rolatively flat and the 

conditions of flow when it was operated uith flow ovor the crest only 

at-e dascribod on pa[.,'O 26. 3xperil:10nts wore made ni th bottoms having 

15 , 30 and 45-foot groater slopes than the oricinal design by placing 

in the model a false floor of uniform slope with its upstream end at 

these distances above the floor of the original model. 

Satle of the results of these experiments are shown on Plate 

30 . At the lower discharges the flow over the crest swept entirely 

across the channel floor and formed a high ridge on the r ear side 

of the spill nay. At the maximum discharge all the various slopes 

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

B, C and D .  Tho corresponding condition for the original model is 

shown on Piate 22-D. In general, the flatter the slope the better 

the resulting condition, since flatter slopes produced less longi­

tudinal velocity in tho spill\l�Y end therefore greater depths ,  l7hich 

r provided a greatur Mass or �78tur in which tho energy of tho stream 

passing over the crest could dissipato itself. 
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E F F EC T  OF SLOPING FLOORS I N  MODEL C - 3  
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� FinST DRID.I GATE SPILLWAY MODEL M-1 

Estimates ot' cost for spillways of various types showed 

that a spillway with drur. gntes could be bui lt at a lower cost than 

the Stoney �ate ty!)e and as the r.iodel exneri nents incl kated that a 

spi llway of  the Stoney -�ate tY1)e ,1ould be scne·:1hat unsatisfa c tory 

in its ac t ion, a model of' o drw:i gate type o f  spill1!10y nas construct­

e,! on a 1 : 20 sca le a:.  the : -:ontrose l:iboratory . 

The riethoci of cons truction of this mode l is shown on Figure 

11. In order t o  prevent poss i1'le settle1:�ent of the model, it was 

supported on piles dr iven into firm earth or to shale hedroc k .  A 

slof(ing floor was first constructed at the level of the s ide channel 

bottom as �1own on Plate 31-A. l'his floor carried the buttresses 

supporting ti1e rear wall of the spi llvray channel (Plate 31-B ) and 

one end of the r ibs of the downstream face of the OGee crest (Plate 

31-C ) . The other end of these r ihs and the U!Jstrear.i face  of the ogee 

crest \'lere supported hy a 1"'rn::2in5 resting directly on the piling. 

The piers were construc ted of solid b locks of wood accurately shaped .  

The gates were not 1,ui lt to represent the ent ire drum gate, but only 

the upper face, and Here ra isecl and lowered by r:1can� of adjus table 

screw supports ins ide the 0600 crest, as shoun on Figure 11. Th is 

pcrmi tted a much si.'-n:pler COI1tStruct ion than 1;1ould be roqu irod by an 

oxact duplicat ion of tho dru.� gate, and from the s tandpoint or hy­

draulic action produce d  t he same result. Tho comple ted ogee and 

channel are sho�n on Plutos 31-D and 34-A. 
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The model of the mountain-side in the vicinity of the spill­

way was constructed to :form the bulr��ead -across the end of the :forebay 

section of the laboratory flumeo- It was supported by a sloping floor 

resting on buttresses carried in turn by the floor of the :torebay. 

In effect ,. this model · topography support :fo1"Jl1ed a :framed t iinber dam 

across the end of the :forebtly •. Templates cut to represent the topog­

r8!JhY of the mountain-side were :placed on the sloping floor , as shown 

on Plate 32-A,. and the space between the templates was �illod w ith · 

rammed clay (Plate 32-B ) • .  :'he clay was ccvered w ith a l&yer of tar 

to prevent the alkali which the clay contained from injuring the 

mortar cover •. This was then covered with a 2-inch layer �f dense 

mortar reinforced with chicl:en-wire , .  the thickness of the mortar being 

gaged by means of nails projectins 2 inches abovo the wooden templates 

(Plate 32-C ) .. A water seal strip of she et iron was provided to  join 

tho mortar coat to tho :floor and sides of the :farebay and to the oeee 

crost. A space fill3d with tar was provided where the mortar joi�ed 

tho sidos ot the ftlebay and the ogoo crest to pormit tho model topog­

raphy to sottlo indape?ldontly of thorn without da"lgor of craclcing tho 

mortar . This modol topogra�hy F-9ovod to be very satistactory and with 

minor ch;angos '788 usod also far models M-3 and M-5. 

Tho rnodol of the transition trom tho trapezoidal model sec­

t ion to tho circular tunnol soction nee mado by forI:1ing splined red-· 

vood staves on the inside of accurately cut wooden collars,  in a 
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manna� similar to · the transition of the Stoney gate model previously 

described. In order to prevent _ distortion from the forces arising 

from the bendinG of the staves , these collars had to be heavy and 

securely held in �os ition by an outs'ide boxing, reinforced with iron 

rods. This tra:isition ,�s sup!)or-t;ec on piles driven to shale. 

The contracting c ircular section of the inclined tunnel ! 

was formed by using wedge-shaped staves in a wood-st.:.ive pipe . 7he 

pipe was carried in a cradlo supported at its up,ar 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 bond in tho 

t�,nel (Plate 33-A) . The concrete block was connected to the wood­

stave pipo above and below it by noans of a steel sleeve . Two win­

dows fitted vii th removable concrete plugs were cast into the t op of 

this bond in order that t�e act ion of tho water in it might bo 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 wa s  for�ed of 30-inch wood-stave pipe. The pipe 

throughout was carrie� in collars and braced to the aides  of the 

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

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

had a radius of 41 feet (model di.I:lension ) nhich was much srr.aller than 

ordinarily considered feasible in a wood-stave pipe. By closely spac­

ing collars and soaking the staves, the staves were, uith cons iderable 
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effort , jacked into plaae 1 temporarily nailed to the collars, and fi­

nally banded into a complete and satis:1'8.ctory pipe, with the breakage 

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 33-B. For the benefit of anyone who may have occasion to con­

struct a sharp curve with wood-st�ve pipe it may be said, however, 

that bettor results would p�obably have been secured if the center 

bottom stave had been carried entirely around the bend and for SOI!l8 

dista.�ce beyond first, and adjacent staves be placed next throughout 

this entire length n each successive stave be ing carried the ontil.·e 

length before another is added � The completed model tunnel is shown 

on Plate 33-C o Windows were placed in the top of the pipe at inter­

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

. Except for a movement of the inclined tunnel and vort ical 

bond a short distance downstream, the model of the entire tunnel re­

mained tho same for Models U-1, M-3 and M-5Q In order to guard 

against sliding banks resulting trom the slight loakage fl-om the 

forebay and model,  retaining walls were placed in the benoh at the 

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

along tho bottom of the trench to carry any leakage or seepage back 

to the irrigation 41tch. 

Tosta on tho M-1 Model 

Extensive experimonts woro carried · out on the M-1 model. 

A large �iot.Y of devices was tried to mprovo tho i-1ow condi tiona 
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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 set­

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

a copy of a sketch of .. -each setup is filed with the office file copies 

of this report. Quantitative experir.1ents were made on the depth of 

flow in the spillway channel and on tho discharge coefficients of the 

spillway crest. The results of these a�e discussed in d�tail in the 

later sections of this report which doal with these phases of spill­

way dosign. 

Rosul ts \71 th 0rit,;inal Design of Model r �-1 

Tho prototype for modol M-1 is aho'\.m on Figure 12. It had 

four drUiil gatos o�ch 100 feet long uith 10-£oot piers b�twoen. The 

channel bottom had �idths varying from 26. 5 to 52.4 fout and slopod 

rather steeply, having a fall of 104 feot in the 403-foot length to 

tho boginning of the transition section. Tho roar wall had a slope 

of 0. 375 : 1. The dirnonsions were computed according to the theory 

developed by Hinds, as described on page 19. 

Plate 3�A shous the completed model. The action of tho 

model uas not favorable. Because of tho steep slope, the velocity 

of flo� along the channel was great , and the cross section of tho 

flo-rring tTSt6r -.·,as relatively sr.iall. The dapth of flo\7 nas theroforo 

loss than in the models previously investigated. The average fall 
J 

of the water passing over the crest betueen the reservoir level and 
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the c!1annel level vtns also somewhat greater. This greater fall 

tended to  make the water· pile up on the side of the cbannel opposite 

the �rest to a higher elevation. The smaller depth of flow in the 

channel also offered less resistance to this tendency, since t he 

greater the depth of water the greater is the tendency to  dissipate 

the energy of the overflowing stroam. The combination of greater 

fall and snaller depth of flow resulted in a high wave on tho buc k  

sid.e of the channel, wl� ich C'aused cons iderable impact on the end 

nall at the portal of the tunnel for discharges of 100 , 000 second­

feet and over. Tho ar.tion 01' the nodel is shovm on Plates 34 and 

35 . Plate 34-B shows the conditions for a 35 , 000-sccond- foot d is­

charge . '!1his would be appr oxir.1a toly the c onditions with the largest 

flood of ,1h ich there is a record .  At tile upper end of tho  chennel 

at discharges up  to 150,000 second-feet ,  the wator flowing over the 

crest swopt the floor clear and formed on the back side of the chan­

nel a ridge resembling a wave on an ocean beach just as it breaks, 

shown on Plates 34-B and C and Plates 35-A and B . The conditions 

for flows of 150,UOO and 200, 000 second-feot, the latter being the 

capacity for which the spillway was designed, are shown on Plates 

35-C and D. 

The relatively large drop of the water between the reser­

voir and the channel together ·:,ith the slight depth in the channel 

caused  a decided spiral motion in the flow down the c hannol ,  rrhich 
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the c�1annel level wns also somewhat greater.  This greater i"all 

tended to make the water· pile up on the side 01" the cnannel opposite 

the �rest to a higher elevation. The smaller depth 01" flow in the 

channel also of fered less  resistance to this tendency , since the 

greater the depth of water the greater is the tendency to dissipate 

the energy of the overflowing stroam. The combination of greater 

t'all and sr.1aller depth of flow resulted in a high \V8Ve on the buck 

side of the channel ,  w!� i ch  c-aused cons iderable impact on the end 

�all at the portal of the tunnel for di scharges of 100 , 000 second­

feet and over. The action ot' the nodel is shovm on Plates 34 and 

35.  Plate 34-B shows the conditions f or a 35 , 000-sccond- foot dis­

charge . '!bis would be approxir.1a toly the conditi ons with the largest 

flood of ,1hich there is n record. At t i1e upper end of the chennel 

at discharges up to 150 ,000 second-fee t , the wator flowing over the 

crest swopt the floor clear and formed on the back side of the chan­

nel a ridge resembling a wave on an ocean beach just as it breaks , 

shown on Plates 34-B and C and Plates 35-A and B .  The conditions 

for flows of 150 , UOO and 200 ,000 second-feot, the latter being the 

capacity for which the spillway was  designed, are shown on Plates 

35-C and D .  

The relatively large drop of the water between the reser­

voir and the channel to�cther ·:,i th the slight depth in the channel 

caused a decided spiral motion in the flow down the channol ,  uhich 
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set up considerable commotion in the transition section at the top of 

tho inclined tunnel. Sovore splashing also resulted at the vertical 

bond at the bottOL� or tho inclined tunnel. Water began to splash out 

of the lower of tho t�o �indows in t�e bend at a discharge of ll0,000 

and severe splashing occurred at 120,000 second-feet. With a dis­

chargo of 200,000 second-foot thoro y,as a very disturbed condition 

of flo� at this point an-:� tho splashing together with the air b rought 

do77n by tho uator oxortod considorablo prossuro on tho �indous in the 

top of the bond. :'ho flou throu�� tho pipe, as observed through tho 

,-rindows, uas vory much disturbed and near tho end of the tunnel gave 

riso to sovoro vibration. 

The cause of this vibration or thumping is not certain but 

seeras to be related to the -well-known fact that resistance to flow ot 

water in pipes decreases as the depth of flow increases until a depth 

of about 0. 95 of the diameter is reached , beyond which point the re-

sistance: rapidly increases. In an inclined pipe into which water is 

emitted �n gradual]Jr increasing quantity , when a depth ot ·o .87 of the 

diamete� is reached, if the water splashes to the t op it suddenly tills 
t· 

the whole pipe and in this condition t he pipe Will not carry as great 

a discharge as when flowing 0.87 full. As the mter flowed down the 

tunnel its velocity was reduced by friction and the depth of flow in­

creasedo Near tho downstream ond , for discharges of n�r 200,000 

second-foet, the depth approached 0.87 of the diome.ter of _the pipeo 

Whon a surgo or splash occurred the flow ftddenly jumped to the tull 
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condition, instantly increasing the resistance to flow and causing 

a hamner or thump 1n the pipe. The flow did not continue at the 

full depth, however, b\lt quickly dropped down to part depth flow. 

This may have been due to air brought in at the upper end of the 

tunnel forcing itself out at the lower end • .Another possible ex­

planatio·n is that the sudden increase in resistance tended to form 

ter.1porarily a hydraulic jump, which could not maintain itself be­

cause the fric tion loss to the end of the pipe was not sufficient 

to creato the J·equired bock prossure. These changes between full 

and partially full flow gave rise to a series of thumps or blows 

of vary·ing intensity at irregular intervals,  w!lich were felt only 

neor the dovmstreom ond of the pipe . For the original design a 

severe blow cai:1e about once evory ten seconds. In tho prototype , 

these disturbances would no doubt set up a perceptible jar in the 

rock of tho canyon wall ,  which would be undesirable • 

Raisod Floor in r :-1 Model 

In order to reduce the height of the wave. on the back wall 

of the channel, t he floor of the channel was raised a maximum of 19 

feet at station 3+00 and sloped fi'om this point to the_ original bot­

tom levels at the upper end of the channel and down to the beginning 

of the transition. :'he grade of this channel is shown on Fi�e 12. 

This decreased the slope of the upper end of the channel , at the same 

t ime decreasing the height of the fall o� the water over the crest. 
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The conditions of flow in the chan."'lel were ir.iproved but there was 

still considerable splashing at the portal of the tunnel. The ef­

fect of t�e raised floor with a discharge of 100,000 second-feet :ciay 

be seen by a comparison or Plate 35-A with Plate 40-B. ( In the lat­

ter view the spillway was provided with a different shaped tunnel 

portal and transition but t!1ese did not affect flows as low as 

100,000 second-feet. ) 

The smoother condition or flow is evident, particularly 

near the downstrear.i end of the channel anc! in the improvement of 

the wave formation at the upper end. T"ne water , however , still rose 

to an undesirable hGight on the rear ,78.11, but on account of these 

improvements, in all the succeeding tes�s on this model the raised 

floor uas usod. 

Although the original deoign was computed to have a cross 

section just sufficient to carry the 200,000 second-foot discharge 

without causing sufficient subi:lergence of the ogee crost at the 

upstroam end of the channel to reduce tho flow over it , it was 

found that tho floor could be raised and the flow over the crest 

a� the upper end still mointained. This was probably duo to the 

fact that tho wator lovel determined in the canputations is the 

mean water level in tho channel cross section , whilo the loval which 

controlled tho submergence offect was probably the level on the side 

of tho channel near the weir , which was considerably lower than the 

moan lovol. 
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Coping on t!1e Bae:: Wall 

In ordar to reduce the height to r1hich the water rose against 

the back wall a curved-faced baffle in the form of a coping was place d  

alone this vm.11 , v,ith the top o f  the curved face about 20 feet ahove 

the floor . T'ne pos it io� of thi s hnffle is shoun on Plate 36-D. This 

tended to thron the wnter out t o-::rard the center of the channel and re­

duce1 ti.1e ho ir;ht of tho \-:avo BGU inst t !1e •,10.ll. It ccnsiderably im­

proved t!:u conrli  tions at  the cnt!'<l�ce to  the tunnel and roduccd t ho 

disturbances � : :r ouchout t hu tc.nn0l .  Tho improv\.!r.1cnt due t o  th is  baf­

fle 3t 100 , 000 second-feet discharge r.iay b0 soon by cornpar inc; Plate 

32-B ':7Hh Plato 40-D. In tho fortilCr , tho he ight o f  tho ,1ave aga inst 

tho rear ria ll ". 13 S  ma ter ially los s .  

Flat To� Contrac t ion i n  the Transit ion 

l'he or isinul desic;n co:-iter.iplated a free sur face for t he 

water flowing in the spillway and tunnel . On account of t he turbu­

lent co!'ldit io:is of flow , this sur face vr<l s very rough and produced  a 

great deal of splasi1in6 and in1:>act . I::i order to smooth out the water 

surface a cont:·ac t io!1 was placed in the transition sect ion as shown 

in Figure 12 and on Pl3tes 37-A and 4J-A. This cons isted of a flat 

top in the transit io:i i�·adually contract i:ig the waterway from zero 

at the upper end of the trans it ion to a distance 20 feet down from 

�1e top at the lower e:id. A vei1t was r-uilt at t he lower e nd to admit 

air above the water in the inclined tunnel dovmstream from �he c on­

tract ion. For di scharges over about 175 , 000 sec ond-feet this formed 
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A-OUTLET OF TUNNEL-ORIGINAL DESIGN MODEL M - 1  
TUNNEL FLOW I N G  F U L L  DURING THUMP 

B-OUTLET OF TUNNEL FLOWING PARTLY FULL- MODEL M-1 

C-CHANNEL WITH RAISED F:...ooR AND COPING BAFFLE 
MODEL M - 1  

PLATE 36 
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A - DISCHARGE 180.000 SEC FT 

B - DISCHARGE 200.000 SEC FT 

C-TUNNEL OUTLET DURING THUMP 

FLOW WITH RAISED BOTTOM, COPING BAFFLE AND 15 FT. FL AT TOP IN 

TRANSITION AND IMPROVED PORTAL SHAPE7DRUM GATE SPILLWAY-MODEL M - 1  

PLATE 38 
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an orifice with a horizontal top edge at the upper �nd of the inclined 

tunnel and caused the water to start down the tunnel with a flat upper 

surface , thus largely reducing the splashing in the pipeo When this 

contraction acted as an orifice it raised the surface levels in the 

side channel, r�ducing the drop ot  the water falling over the c� 

and increasing the depth in the channel, both of which effects temle4 

to improve the flow condi tions o Plate 37 shows the oondi tions of flow 

in the channel with this contraction act ing in conjunction with the 

raisod bottom and the coping on the back wall. Althou� the contrao­

tion considerably raised the water lovel in the channel at the lower 

end , it did not back up enough at the upper end to reduce tho tlow 

ovor the spillV18y crust o l'ho conditions of :flow in the pipo woro 

considerably improved, both 1n rogard to the splashing at the verti• 

cal bend and tho thumping at the ond of tho pipe. i'he splashing f'rcn 

the lower window in the vortical bond startod at 130,000 socond-foot� 

Jftor tho improvod portal montionod 1n t� folloving par-_ 

agraph was �nstallad, a contraction in the transition , which i-eatriotd 
I r . 

tho opening less than that previously do�oribod, was also teate4! 9lo 
I 

flat top in this caso extondod 15 teot down from tho top of the 'D&Ut• 

tion aoction as camparod w1 th 20 toet in the pi-evioua ca ae-, '1'hG oon.U• 

" tions of flow in tho ohannol, vertical bend, and at the en4 of tile tu­

nol wore all somowhat less dosirable than m.th tho greater ocmtztaotiGllo. 

In all tho tollowins oxpc,rimont s �  thorotoro , tho groatar contraotlon 

nas uaod. 
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Iruproved Portal 3hape 

In the ori3inal desir;n the face of the por�al was at right 

angles to the tunnel and thGre was considerab.'.'..e impact on it. To im­

prove this entrance the portal was altered to present the form of bell 

mouth, as s�own on Plate  39-A. Since the tunnel portal as originally 

built was practically opposite  t�e end of the ogee crest , these bell 

mouths extended beyond the end of the crest and it was necessary to 

leave a space on the crest s ide of them t':lrough which the flow from 

the end of tho crest could pass. This would not be a practical form 

of construction for the prototype, but the set-up servod to indicate 

what results might be secured ui·�h a boll mou'.;h entrance and if 1 t 

v1oro installed in tho prototy:po the nccossary adjustment s could be 

mado. ':'ho lar.:;er bell riouth improved cntrun.cc condi tions considur­

ably and it was uDod th:"'ou::hout tho ra.1ai:idcr of tha tests. ::ho flow 

conditions �ith this portal for various discharges aro shomi on Plate 

39 .  This set-up wos also tcstod with the coping baf'flu removed, as 

shown on Platu 40 , but th� conci i tio�ts in tho channel ,  vertical bend, 

and at the and of th1J tunnu l ·;mrv all loss satisfactory and th0 coping 

baffle �-,as therefore r0 instoll0d. 

"Va.nv in Inclined Pipo 

The wtor flowing over the OGOO crest imparted to the '18tor 

in the sid e  c�annel a spiral motion , which persisted for a long dis­

tance down the t unne1, and caused at least a portion of the disturb­

ance in the flow. In order to reduce this sp iral motion, and hence 
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A-NO DISCHARGE 

C - DISCHARGE 180,000 SEC. FT. 

8- DISCHARGE l�O SEC FT 

0- DISCHARGE 200,000 SEC.FT. 
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the disturbance , vanes in various positions in the tra:isition and in­

clined tunnel were expe�imented upono The first vano was about 6 feet 

high and extended down the center or the flat top contraction in the 

transi tiono No beneficial effect from this was observed . A vane 6 

feet high was then placed along the bottom of the inc1ined tunnel from 

the end of the transition to the beginning of tho vertical hend o This 

resulted in a markod improvement in the splashing at  the vertical bendo 

With the flat top contraction in the transition and the copine; on the 

roar -:rail this vano increasod the discharge at which splashing bogan 

at tho lower window from 130 ,000 second feet to 162,000 second feet. 

&Jvore splashing did not occur until tho d ischarge reached 190 ,000 

second-foet. 

As tho splashing out at tho window aluays occurrad on the 

left sido , it r,as at first thought that by inclining tho vane touard 

the right side of pive more ,,ater could bo forced to that sido and the 

s,lashing roliuvod. Tho direction o� the vane was therefore chcnged 

so that 1 t �xtended :r.rom tho middlo of tho bottma of the pipu at the 

up,ar end to 5 feot to the right of the middle at tho lcmer end o This 

change , ho�over , increased th� splashing , reduc ing the discharge at 

which splashing bt,gtin tram 162, 000 socond-feet to 155 ,000 second-feet 

a�d the discharge for savoro splashing from 190 ,000 second-feot to 

170 ,000 socond-feet o The vano vrus then moved so that the lOV7er end 

nas 5 foet to the left of thq canter of the bottomo In this position 

the splashing from the lo\"ler window began at about tho same discharge 
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as with tlle vune in the ce:i te:r, hut no severe sp lnsl: ing occurred for 

dischurses up t.o  200 , 000 second-fee t .  

The expLm ... 1 t ion o :i'  this  unex:=,e ctec. ac tion s eer.s to be that 

t:10 water a:.1proac�.ed tl1e vcrticn l 1'o!:d ,v ith a [;re .1 t er doptl1 on the 

richt a itle . II! puss in::� u!'om1d t ho vert i cal bond it vns acte.l upon 

by u centripetal forcu , und s i�ce � ho mass of WJ. ter on the right s ide 

wus c;reuter than on the left , tho force v,ns gre:.iter on the right side . 

Thi s gro� tor force caused u greater pressure in the ·.-ro.ter nt tho bo.t­

torr. of t he riGht sido �h�n n t  t ho botton o� tho loft side nnd the 

�r:.tor moved from t ho posit i on of grcntost prossure t o·;�rd that of 

loss i:n'essuro ; t ho.t i s ,  fror:1 t ho r i :�:ht si de to the left s:do.  '.:'ho 

r;rca ·:er ma ss �t t !1c bogi�'ling of t:10 bcr!d n:ls on the right side  and 

in pussill.G o round �:10 b�nd mov0d ncross the bottom tor/Cird the left 

sid�, UIJ tho le ft side nnd n cross : he to:p of th0 bend t or,r- rd. t � 1c 

r !,sht , h�ving moved i:ith n spirnl c loc!':'.1isc r.Jot ion nnd etcros� t he 

f::co of the r:indm; , ·ch ich is in  tho up:pcr si de of :ho bon4, in a di­

rect ion inclined tm-;rlrd t he r ight . Tho v,.no l;r i th its l-Ild tor.rn:rd the 

left reduced th i s  moti on bc cr.:.us0 it forcvd more r:ntcr in th0 inclined 

tunn�l t ouurd tho 10ft side of t ho pipe �nd thus m�dc the cont r i fugnl 

force on tho t-..10 sirle:;s of :t�10 pipo moro noarly oqunl.  Moving tho v �no 

tovR-rd the right side at t ho lo�er ond increased tho mass on tho right 

side, making the t�o sides �oro unequal , ond , thorofor o , increasing t he 

cross motion uhich· caused t ho splashing. 
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The best conditions with the U-1 model were obtained with 

the raised floor , coping baffle , 20 feat flat top in the transition,  

improved portal form and vane in the pipe as �eviousl.y described. 

The conditions or flow 1n the channel vera as shown on Plate 39. 

The condit ion or flow at the outlet of' the tunnel was similar to that 

shown on Plate 36-B except at the rare intervals when shocks occurred. 

.Qz_J.inc1ricall.y-Faced Baffles 

In order to break up the wave which piled up on the aide 

wall of the spill�y, and to mare equally distribute the flowing water 

in the cross sect ion of the channel, various combinat ions ot baffles 

with cylindrical faces were investigated. The first set-up of tbese 

baffles is shown in Plate 41-A. It consisted of sect ions of battlaa 

10 feet long with 10-foot spaces betweon, set on the center 11:lo of 

tho channel. The cylindrical :taco· ot the battle had a racliua ot 6 
I 

foot , giving it a height of 12 feet, and the battle had an OV8J'&ll 

height I of 14 feet . ':'hvso be.f'tleo 1r.1provod the flow ill tho cbamlol 

and tttnnel sanowha t, but not as much as the baftlo on tho rear wall, 

The splashing bo:,in at tho lonvr nindow in tho vorticai bond with a 

discharge of 130 ,000 socond-toet . The conditions -'ot flow aro shon 

on Platea 41-B, C and D. The b:if'f'loa considorobl.y obstructed 1Jbe t'low 

in tho channel, howovor, and subnorgod the weir at the upper an4 to· 

sutticiont extont to obstruct tho flow O'VOr it and requiN a h..1gbv 

hoadwa tor levol than oontampla �ed in the design to produce tb 800�000 

socond-toot discharse. 
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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 a. considerable portion of the water was deflect­

ed downstream and _ :1Iapinged on the next baffle below, as shown in Plate 

41-B. To re!?ledy this condition the baffles were placed with their 

faoes inclined upstreaI!l 15 degrees with the center line of the channel, 

the row of baffles still extending down the channel center line as 

shown in Plate 42-A. The flow conditions (Plates 42-B and C )  with 

this sat-up were a slight improvement over those with tho previous 

ono , both in the channel and in the tunnel , but the befflos still so 

obstructed the i'low i:i t�·w channel that a water loval above elevation 

1232 was necessur:" in the forobay to produce a discharge of 200,000 

second-foot . Too location of the baffles was thon changed from the 

contor line tc a line halfway betweon the center line and tho bottom 

oi' the c!'ost , tho individual bai'i'los being inclined 15 degrees with 

the cantor lino or the channel as boi'oro . This set-up uas slightly 

better than thd �rocodinb one (Plate 42-D) but tho obstruction causod 

by the bafi'los TISs still too groat.. As tho two upstream baffles 

seamed to obstruct t!1e flow without bettering conditions , they wore 

romovod, b ut the result .i8.a not a material improvement.o 

The cylindrically-faced bafflos �ere next placod in a con­

tinuous line down the channel, boginning 6-� feet to the r 181:1t of the 

center line at station 1+00 and 15 feet to the loft of the center line 

at station 3+50. The submergence effect was not as great as for the 

i;>receding test (Plate M)  but :-Jas still t �n . .  1- ·� -- :: , and sovere thump-

4e· · ·  . 
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ing oc curred at the do;mstream end of the pipe . 

In order to reduce the submergence , &-naller-sized baffles 

were use d in this test (Plate 43-A) . These had a cylinder radius of 

41- :feet and an overall height of 11 feet . �e:r extended in a line 

f'rom &'� feet to the right of the center line at stat ion 0+65 to 20 

feet to the · ·  l�:rt of the center line at stat ion 3+75.  With t his 

baffle the submergence did not obstruct the flow over the crest 

(Plates 43-C and D) . The results of this  set-up seeued t o  be sorie­

what of an 1mprover:1ent over the previous ones and the baf:rle wa s  ex­

tended downstreum to stat ion 4+50 . The extons ion , however , resulted 

in bad splashing at the ve1•t ical bond . ::he splashing bog3n at 

132,000 second-feet ; and was severe at 150 ,000 second-feet . The 

shoc l:s at the lower end of the tunnel wore not large and occurred 

on an average of onco every 5 sec onds . 

Tho continuous bai'fl.u of the previous run was cade up of 

blocks 10 feet lon50 A test was made with every othar block removedo 

This set-up wa s  s imilnr to t ho f ir st onos run with the cylindri cally­

faced baff'les but tho ba:tflos in this co.so were SJ:1Bllor o Tho condi­

tions ot fl0\7 in the channel t1ore fairly good and excessivo submar­

gonce at the upper end did not occur o The splashing :tram tho lowor 

window began at 155 , 000  sec ond-feot and becamo sevoro at 178 ,000 

second-toet . :'he conditi ons at the end o� the tunnal wre very de­

sirable , shocks occurring at average intervals of 40 seconds . 
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The conditions of flow with small cylindrical-faced baffle in channel 

are shown on Plates 43 and 44 . 

Cylindrically-faced baffles were also placed as shown in 

Plate 45-A. The water flowing over the crest , upon striking the face 

of these ba:ffles , was deflected dO\mstream thus tending to increase 

the velocity in the channel and roduco the cross section necessary 

and consequently the cost of tho spillway. At small d ischarges the 

a�t ion of the ba:ffle in deflecting tho flow from tho crest downstream 

could bo observed.  This action probably continu�d for higher flows 

also ,  hut the obstruction offered by tht> baffles offset tho advantago 

ga ined and at the 200 , 000 second-foot discharge (Plate 45-B ) -the c on­

dit ions of flow wore not appreciably improved over tho conditions for 

no baffles . 

rests were also made wit h tho cylindrically·-faced baf:fles 

placed as shown on Plnt\l 43-C . With t.afflos in this position it was 

believed that the water would be forced tm1ard t�10 ogee side , t1aki11g 

the flow on tho tuo sides of the ctanncl at more noarly the same 

height . Plato 45-D shows that at a 100, 000 second-foot discharge this 

result r,as accor.1plished. T:�o obstruction of the bafflos and the of­

feet of the upstream deflection or the water so ir.lpeded tho flow in 

the channol that at a 200 , 000 second-foot discharge submorgenco at 

the uppor end o:f · the channel bocar.�e oxcesai ve and a water level of 

more than El. 1232 was required to produce a 200 ,000 second-foot 

discharge. 
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!leflector vanes on the Ope Crest 

Deflector vanes on the ogee crest were also tried to duaeot 

the overfalling water downstream and per::nt the use ot a smaller ch.an• 

nelo The first set-up is shown in Plate 46-A. l'he we tar talUng 

over the weir was not deflected directly dom141tream but somewhat out 

to the side with a considerable downstream component , as shown 1a 

Plate 46-Bo At tho larger discharges these vanes obstructed the 

flow and caused excessive submergence at the upper end at the oroato 

Tho condit ions in tho channel for 200,000 second-foot diacharp are 

shown on Plate 46-C. Cons idorablo vibration also resulted at tile 

donnstroam ond of the tunnol, tho avorage period far SGvoro shoc!::e 

boing 4 secondso Tho upatroam four vanes were romovo4, aa the� a,­

pearod to obstruct tho flow (Plato 46-D) . Thia alightJ.' imllt0904 

c911diti011S in tho ch&llllol but excuasivo submorgonca was atlll prQIIDBt 

,d the frequoncy of aovero shocks at thCI tUDDel oxlt was 1noN8II04 

to a 3-socond average. The do\1DSVeQJn tou:r vanes woro ralsocl to a 

I 
. r . . . 

position Tlhoro thoy v,ould not ao groat� obstruct tho f'1ov (Plato ,,, .  

'l'his oUm1natoc1 tho vibration at the on4 ot t he  twmol, but Jll'o4uool 

an unstable oon.clition 1n tho ohaxmolo At timoa tho o!Mmno1 at tile 

lower eml uaa full to l1o 1815 an4 at others 11 41-oppei to a . � 

80 feot lovor. No roason for this ffll8 &pp81'0Jlt. 
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Trough on Crest Side or Floor 

This modeJ (Plate 48-A ) nas made by renoving the false 

floor and building a raised section on the wall side . For flows 

up to 100, 000 second-feet the raised section caused a very disturbe.d 

condition in the channel, with a stream or water rising up in a foun­

tain effect along the center line or the channel. The condition tar 

a 100 , 000 second-foot discharge is shown in Plate 48-B. Disturbed 

conditions still existed at 150 , 000 second-feet {Plats 48-C ) , At 

200 , 000 second-feet the conditions in the channel were reasonably 

good {Plate 48-D) .  The severe shocks at the end of the tunnel oc­

curred at intervals of about 15 seconds. 

A dentated sill 6 feot high was placed at the left edge 

of the raised portion of the channel floor. This tended to hold the 

water to the right side of tho channel and at low flows caused 'the 

trough at the upper end to l,e swept out and produce very truoulent 

conditions. A woir \78s also triod across the lower portion of the 

channol bottom at th3 dc...vmstream end, but this did not not icoably 

improve the flor.. 

Plain Sill and Do�tated Sill on Channel Floor 

Experiments were made with a plain sill with vertical face 

6 teat high (Plate 49-A ) . At high flows t·his produced very good 

conditions in the channel and at tha end of the tunnel, small shocks 
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occurring only about once in 15 seconds. At low flows,  ho�ever, the 

conditions in the channel �ere undesirable. At a discharge of 15 , 000 

second-feet the stream was thrown vei·t ically into the a ir in a foun­

tain formation (Plate 49-B ) . At a somewhat higher flow a pressure 

area was f'omed upstreau from the baffle which forced the stream up­

ward so that it passed over the baf'f'le 11ithout impinging on it, but 

instead rose high above the bottom and dashed against the rear wall. 

The plain sill was replaced by a dentated sill 6 feet hi3h 

extending from 23 feet to left of the center line at station 3�00 to 

a position ·l4 feet to left of the center line at station 0+50 . ':bis 

improved the conditions of flo'n in the channel at lorr discharges. 

At the discharges the conditions at the end of the pipe, houovor , 

wro rrorse , as severa shoc!cs occurred at intervals averaging 1.3 

soconds. 

DRUM GA!'E TYPE SPILLWAY ... 1 : 100 UODEL M•2 

A smell modol of th() drum gate typo of spillway nas con­

structod by : ·Ir.  w. H. P.rioe on a 1 :100 seal� to test out tho possi­

oili ty of using o trough in tho floor of tho channel along tho bot­

tCl'D of the rear wall. It ,78s expocted that this would r�duoo the 

height of the rzavo along the rear wall. Tho ohannol of this modal 

was approx1matel.y the same doslgn as that of the M-l modol, but tho 

transition ot the former was slightly larger in propartion and of 
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less abrupt curvature. The plan ot the M-2 model was reversed, the 

crest being on the right-hand side ot the channel, but this did not 

atfect its action. In order to simplify construction it was built 

without gates or the intermediate piers. Plate 50-A shows the spill­

was with no flow in it. The trough on the wall side of the floor _ :  

proved ineffective in reducing the height or the nGve. The stream 

tron: the weir seemed to jump off the edge or the trough and flow in 

an inclined direction downward to the bottan of the trough, thence 

across the bottom and up the rear wall, t1ith practically as much 

energy as with no trough. The condition of flow in this model for 

a 200, 000 second-foot discharge is shown in Plate 50-B. 

The trough was then moved to the ogee side w1 th better 

results. The action in this case was very similar to that for the 

lJ-1 model. The conditions ot flow for 100,000 and 200 ,000 second­

feet �e shown on Plates 50-C and D, respectively. .A comparis on ot 

Plate 50-C with Pl.ate 48-B shows a very close similarity for 100,000 
I" 

second-foot flows on the M-2 and M-1 models, respectively. The pic-

ture of the two models for a 200,000 second-toot flow are not can­

parable, as the flat top in the transition of the M-1 was not built 

in the M-2 model. At the 100 ,ooo second�foot discharge this top 

did not come into action. 

Thia small model was also tested with a flat floo:r s :lmilar 

to the raised floor in the M-1 model. The ccm41tiona tor diaoha:rgea 
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of 100 , 000 and 200 ,000 second-feet are shown on Plates 51-A and B. 

The results on this model were similar to those on the 1 :20 model, as 

may be seen by a comparison of Plate 51-A with Plate 40-B. The im­

proved portal and flat top in the transition were not in action in 

the latter view. 

It was believed that considerable improvement in the flow 

conditions at the lower end of the spillway could be made by altering 

the transition between the channel and the inclined tunnel pipe. The 

top of the transition was raised at the upper end and made to incline 

more steeply dovmward. The results, however , were unsatisfactory ; at 

/ a 200 , 000 second-foot d ischarge the water from the r idge against tho 

rear wall impinged on the top of the transition and formed an unde­

sirable wave , as shown in Plato 52-Bo The cond itions for flows of 

100 , 000 , 150, 000 and 180 , 000 are shown on Plates 51-C and D and Plate 

52-A, respectively. 

A few quantitat ive observations wero made on this model to 

determine the cross section of flow in the channel. The results of 

these are discussed in the sect ion of this report dealing with this 

feature of the spillway design. 
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A - DISCHARGE 100,000 SEC.FT 
B - DISCHARGE 200,000 SEC.FT. 

::,11JE CHANNEL SPIL LWAY WITH RAISED BOTTOM 

C - DISCHARGE 100,000 SEC. FT 
D - DISCHARGE 150.000 SEC. FT 

SIDE CHANNEL WITH RAISED BOTTOM AND ALTERED T R A N S I T ION 

SIDE CHAN NEL SPI L L  WAY - MODEL M-2 - SCALE 1 :  100 

--0 
r 
)> 
--i 
l"TJ 

01 



l 

• 

! 

• 

A - 01 SCH AR GE 180,000 SEC. FT. 

C- SLIGHTLY SPIRAL FLOW AT 
END OF TRANSITION 

DISCHARGE 200.000 SEC FT 

S I DE CHANNEL WITH RAISED BOTTO�� AND ALT ERED T R A;� S I T IO� !  

S IDE C H A N N E L  SP I L LWAY - MODEL M - 2 - SCALE I 100 

PLATE 5 2  






