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Report on Hydrauli c ~'~odel~ Ex~er iments for 
The Design of The Hoover :Dam,Spi~ll- 

~ways. 

I E. ~W. i Lane. 

~,lemorandum to the Chi ef De si gn:Ing i~Engln eer. 
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T~le mode~ experiment ~study for the design ~of ~the Hoover 

Dam spillways was :begun about October l, 1930 at the ~hydl-au- 

lic laboratory of the Colorado ~kgrfoAltural College at Fort 

Collins anl has been urger way there nearly continuously 

since that time, a part oC the time :using two eight-hour 

i 
I 

! 

shifts. Plan~ for the laboratory at Montrose were started 

in February and it was completed, together wi~h .the .first 

model on July 18th of this year. l~'0rk has been in prcgress 

at ~!ontrose since :that time. Seven models of four different 

types have been experimented on, with linear scales rangi~ 

from l:100 to 1:20, iuvolvlng discharges for the design 

capaci%ies from 2 to ~I12 sec,. ft. In each moiel a :~nturher 

of maJcr and minor changes were made during "the testing. 

The following is a brief su~ary of the work carried 

on to October 1st o.f this year. It does not include the 

work on the second large" scale model at L~ontrose nor a large 

mumber of tests on t~e drum. gate model at Fort Collins. 
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G3-°rY Hg.le'Spillway, 1:60 Scale (2,~..odel C-l~} 

Movlng pic tures and :,photographs. 

Clear Crest Side Channel Spillway, 1:60 Scale (~odel 'C'2~ 

22 Runs with various alterations t o check ~the 

side channel ".theory. 

15 Runs to determine the ~possibilities a~ vanes. 

13 Runs to observe flow ~In various~deslgns of 

h~ Izontal. ben d. 

stony Gate Spillway, i~:60 Scale (Model C-3} 

77 Preliminary runs t o insure :consl stent results ~ on 

gages. 

40 Runs on original desi~ to observe~flov~con~i . . . . . . .  

tions and determine discharge ooefflci~ts. 

l? Runs~ to investigate .oossible• improvements :in 

approach channel to Stony gate. 

24 Runs to test possible improvements in the flow 

in the channel by means of baffles, changes in 

bottom and side wall. 
t~ 

13 Runs to observe flow from lower end of tunnel 

transit ion. 

Drum Gate Spillway, 1:60 Scale {~odel C-4) 

15 Runs to determine discharge coefficients. 

26 Runs to record water levels with transition No. i. 

97 Runs to observe conditions of flow with various types 

of sills, baffles, bottom shapes ard weirs across end. 
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. h r¸ In addition to these 99 runs, since.October ist 

a large number of ,runs~,have been ma~e wi;:th sills 

of various types.• ,~ 

14 Runs to record water 'levels with Translation No. ~2 

22 Runs ~to observe flow a~rd ,record "water levels with 

various forms of baffles and weir using Transition 

No. 3". 

9 Runs to observe :f'low ard record water levels wi~h 

var'ious forms af baffles and floor ~using ~Transition 

No. 4,.  

Drum Gate T_~e Soi llwa~ l:lO0 Scale ~Model M,2) 

6 Runs to observe action and:record water :level, s with 

various for~s of bottom and transition. 

Drum Gate Spillway, 1:20 Scale ~(hodei I~-l~) 

22 Runs to record water levels :in •channel for various 

types of baffles and bottom• 

20 Runs to observe flow c ondl tions ~wi:th various ~forms 

of baffles and bottom• 

18 Observatioz~s of flow in ver,ti,c.al bend and the tunnel 

26 Observations of flow at tunnel exit. 
. ~ v . - 

ll Runs to determine discharge coefficients. 

The following report gives all the more •important facts 

brought out in the tests• Time has not been available to 

work up all the quantati~e data in detail.• In the descriptions 

of th~ models and the tests thereon; the corresponding dimen- 
9 

signs and quantities c~ the prototype have been used thrcughout 
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rather than the actual .modei ~va!ues~, ~a-s ~the .fo:rmer-~glv.e 

a much clearer id"ea of.the ~condi:.tlons, :and avoid ~the .:~con- 

fusion which would o.tharwise arise :from~.the ~use of severaT~l ~ 

different scales for .the ~same jproto.type, 
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!Report ~on :~' 

HOOVER D~ SPILLWAY :MODEL ! TESTS 

GLORY HOLE S PILL~TAY EXPERI~N.TS 

The preliminarydrawings aT ~the Hoover Dare,were made 

with spillway.s of the Glory Hole cr ~shaft ~type, but this 

was nmrely a tentative idesign, as .~it :was expected ~to make 
z 

extensive model experiments~and base the~selectlo n on the 

results obtained fran them. The:early:deslgns ,of-th~is ,tYl~ 

of spillway contemplated a discharge of i l00,000 sec. :f:t. 

for each shaft, wi ~h the water surface in ~the~reser~oir :at 

El. 1232. 

q 

In arder to mee~ the conditlon:spec:ified ,for the Hoover 

Dam project, that the dlscharge :from;a floo~das i'largeas 

that in 1884 should be carnied :safely ~to the :river channel 

below the dam, the :tuvo spillways had to 'limit the d lsc.harge 

to 62,500 sec. ft. (not including power house.d~ischarge) 

at El. 1229.' These requirements fixed the diameter aT ~the 

spillway crest at 231 ft. 

The spillway designed to meet ,these :requiremsnts with 

the proto~ype dimensions is aho~rn on Plate I~ It consists 

of a circular crest of ogee cross-section below which was 
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a morning glory Shaped funnel leading :to ~the 80 ft, ~d, ia- 

meter shaft. The purpose ~of!the ogee~Crest !was to,produce 

a high discharge !coefficient, ~in order LtoEiveL~a large 

discharge~per foot of :crest length, as ~ hlsw, ould~enable 

a shorter crest to be.used, ~resu~itlng ~In~a ~smailer~, Cheaper 

spillway. .... • 
L! • 

The model o f ~thl s spillway ~was ,tested ~in !~the !hydraulic 

laboratory of the ~C01orado Agricultural College at Fort 

Collins, on a scale of i:60 ~ori~l '' -~5~ft. The~arrang~ment 

of the apparatus Is show ~on Plate ~II. li 
] 

The water ~is drawn from a reservoir ~on he~hlll~be -- 
0 

hind the laboratory through three 14" ,valves, wii~h whlch 

the coarse adJus~ments of~flow are made. ~The water enters 

the laboratory in a concrete flume i0 ft. wide.~i ~The ~fine 

adjustments of flow were ~de by means ~of ~a movable crest 

and small valve in the side of thisTlume, through which 

the excess water couldbe wasted, 

The discharge through the ~model ~was !meastu'ed on a ~2 

ft. C.ippoletti weir which ~had been ~c~l~ibra~tedlby volumetric 

measurement. The head was observed by a ~float gage of the 

/i 
• ,,,j, ,, . 

Cornell type. Leakage through ~,the ~forebay Lwas ~collected 
_ 

in a measuring tank and the flow of the weir corrected by 

the amount:to give the exact flow over the spillway crest. 

It is believed that the dischargeresults are accurate 

within 1 p.er cent, 

The water was led to the spillway through a series 
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ups t ~ ' e a m ,  ~' '" " 

- ! , . I : . . , , .  , of baffles, which produced still water ° : ~ . . . .  :1 
. ", , . . .  ".-from '~. hB, . 

structure. .The :crest sectlon~ 0f the ~ spi~llway wa 

of paraffin. The paraffin~block was :fi~rst <cast ,, 

I' ' U 
~ _ , _  ~' • ~ ! .  - h .  / .  mately to the shape desired and ,~nen:cut accur~teIv +_~,'f : 

dimensions by a template in-the form,:of a kni~e or "so'cod'/ 

which was revolved about an axis~n,,.i, the : enter of '~^": , :.i 

spillway shaft. Although paraffl i~:: 
n made a zather :sof~ ' 

model, easily scarred or nicked itwas ~ -.~i: . .,iii!:" ': 
• ,  easily ~pa~ Cnect 

and for thls type of model -is bel'ieved t:o,have ~been,~-~as ~,, 

its <o'o era,+---- :i' i',i' / ... easy to build and satisfact - - ~- ,/~ut~,~as '~'ould ~ t~ 

'L i 

!. % : 

I, 
~', 

II 

It 

of transparent pyralin, In',urder~ that the : ~the 

water within the tunnel coUld be~!observed'. The',vari"ous " 
" j 

sections were:made ~of :pyral'in sheets 1/8'Jinch thick, i:formed 

in a hydraulic press. The straight sections were about 
q 

18" long, flanged at the ends andi, wi~th:a .longitudinal 

butt Joint with o:utsl de strap. The ~90 ,degree vertical 

bend was made up 0f four :22½ degree ;flanged :bends, each 
" L 

222 A degree bend being divided :~intol ~0.s.imi~l~r ~flanged " 

i! sections on the plane passing through the center line!~of 

L I! 
the bend. The 90 degree bend ~,was m~de in sectlions 'in ! 

order to facilitate construction and ~o:enable~ ~ exp erimen t s 

to be made with 22~ degree, 45 degree, or GT~ degree l.bends 

also. 
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Results ,~ J 
i 

o speo  n  up   oovelr 

ect as an e~ploymen t l  relief ~ne asure, i/~l ~:i~t ~was ~z~ cessarlY ~to 

~iofli~ spll lway ~without Eake a decision on t h e  ~ g e n e r a l  .:type/! ,. / ' 

the extensive tests at !fi:rst contemi~lated. '-In order -not 

to delay work on the side channel models, :experimen:ts :on • 

the glory hole "."type con si sted -ozily/ 0C ~Visual~observations ~ 

and photographs.:: To make, ~ room ~for ~the !~model ~te~s~s :on the 

l~adden Damb the glory h01e model was stored away ~and :~it iis 

hoped later to move it back:~into !posltiona~id:make quantl- 

rive tests on it with a verti and:!~to !investigate 

its action with shafts ~inclined ~with the :~ertlcal. 
" li " i" ,~- 

The design of ~hlS ~model:/iassumed Lt~at the ~water ~wbt~l:~ 

flow over :the crest:~ and~Ltoward ~the sPillway~shaft "~in ~a r - -  1 ~ 

. r . 

radial direction, but this does not;:oecur. :To :brir~ 'the 
~, , l I -.-, 

cost of the spilS~way~to a re;asonab~e figure, ~it was neces- 

sary to set the structure p~rtially ~in an~excavation:;in ~the 

side of the canyon anld:about half of the:water passlrg over 

the crest is carried to the,orest i'n the,exdavated channels 
• ii 

A and B, ~ of flow is not :at righ~t in whlch th e ~Idire;ction 

angles to the crest bLOt follows the path: :shown !in Plate~iI .. ~ 

iz 

The water approaching the crest therefore has a; component 

in the direction of the crest, and does not flow ct~er it 

radially but takes ar inclined direction as shown by the 

stream lines of the fignlre. -As the water ~approaches ~he 
t 

center of the morning glory shaped section, more of it tends 
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to concentrate at ~C and en~ter ~:the, shaf,t ~On ~:that s!id'e, 

causing a disturbed condlt:ion,of :flow.~a.t ~,that jp01nt. Tlii~s 

also leads to disturbed "~' -v,er.i~i aft .condi tions in ~the cal ~'&h 

and hence to considerable commotlon:iin the~bend~a~ :the 

b o ttom. ~ 

It. i s believed that an, e ven-':'~Li:'s,tributlon ~0f :.th:e :~flow : 

entering the spillway shaft could~have ibeen~.secured~wilth 

radial piers on the '.crest and ~on :the~morni,ng.~glory :shaped 

section, similar to those used ~:.on i,the Da.o'~i~s!Bridge :sp~lq:lway, 

but the effect of ~the.~Impac.t of~:the ~wa" ,the ~bott~m 

of the vertical shaft was ,obviously ~so:~muah :more ~severe : 

than after sliding :::down the"iincllned : haf,.t ::from %he ::side 
"i ~ 7" - 

channel that with the unpreceden'ted ,velocities :resul~tlng 

from the 600 ft. drop~at the Hoo~er ~Dam :i.t;Was;:believed to 

be safer to use the side channel type. 

SIDE C!~_ANI~EL SPILLWAY~EXPERI~rj-~TT s 
Free Crest Type (~dodel~.C 2~ 

'/he first side channel plan ~for:the HooverDam~:con- 

templated a plain ogee crest without gates., :with the same 

discharge requirements as ~the glory•hole .type.. •The design 

of this spillway is- shown in Plate i~III. :The~model .Of ~tliis 

structure was also erected in the Colorado Agricultural 

College laboratory on a 1:60 scale. The position of the 

apparatus is shoWn in Plate If. The water •measuremcmt 

apparatus was the same as tha$ previously described. 
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The Construction of theModel I t 

The sl d e ~ channel o f this model ~was ~ constructed ~ Of ~l- 

vanlz ed sheet iron supported ~on she e~ ~metal ~buttresses./lilt 

p was expe cted th a~ seweral ~ s iZes ~oT~c hannel w ould ,b e ~test ed 

and the buttresses were deslghe~d:so :,that~varlous ~eross- 

sections of~ channel coul~d be Lob~Inad ~by~Slight changes ~of 

the position of the buttresses. The oEee~crest of ~the 

structure~was made of para~fln, ~The transitlon~frcm ~the • 

trape zoldal se c tl on ~of ~th e sid e ~c hanne i tt o ~ith e ci~rcular 150 

ft. diameter section of the ~tunnel was cons tru:cted ~LOf ~reln- 

forced concrete. Three windows were ~cas~ into thei~top , 

through whlch the flow/in the i trsnsi~tion couZd be ,Lohser~ved. • 

These windows could be iclosed wit21~concrete plugs ~accurate- 

ly cast to fit the~shape of L the:top ~of the tradition. ~The 

same pyralin tribe whlch::formed~the model~of the vertical 

shaft and ~tunnel for the glory~•hole ~model ~•was us e~d ~for i~the 

inclined and horizontal tunnels of ~this model. LThe islope 

of the Inclinmd tunnel was 45 degrees ;with ~the !horizontal 

and the bend between the two sections of ~tunnel was ~formed 

of two of the 22~ degree bends. 

Sco~e of Experiments 

Soon after thlsmodel was ~completed it was decided to 

increase the capacity of each spillway from lO0,O00 sec. 

ft. to 200,000 sec. ft. This necessitated a redesign ~ the 

spillway and while the studies to develop the most economic 
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design for ,thls :slze were ~und~r •way, an extensf~ve series 

a~ experiments ~were ~Lcarried :out~:on :this :model ~to ~cheek 
..... 

I~ the theory of the slde,channe~l spi!11way~and!tG !inves~i- 
r~ 

gate a numb er:c~ ways of redueing':Its cost. 
/ - 

The basic theory~of ~the side :~channei~spillway wa•s ~de- ~, 

veloped by Mr. Julian. Hinds -~ man d ~i s ~based ~on !the :assump- 

tion that all the energy of ~the water fal~llng over ~the 

! 

*Side Channel Spillways .... 'Julian:Hinds. Trans.:Am, ~Soc. 
L 

C.E.. Vol. 89--(1926) P.::881' 

spillway crest is di ssipated~as heat and the ~flow~Jd0wn 
• " Jr 

the spillway trough is caused only :by the water surface 

slope in this channe I itself. ,, 

An :extensive series of experiments were performed to 

test the reliability: of :t~is .,theory 'for varlous condi~ions 

of flow in the spillway. Thene were four ~sezies::o£ these ~J~ 

tests, the conditions of~:each be/ing as:follows: 

I The si de channel width trapezoidal ~cross-sect~on 

II 

as designed, with various discharges. 

Various di scharges wi ~l submerged weirs :across 

the downstream end of the Spillway channel ito 

change the conditions of flow in ~It. 

III A chanuel with the same sides as the original 

design but with a flat floor at a higher eleva- 

! tion fo~aed by a false bottom. 
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IV A chazn~el ~ wi.th : p r~e.ti early ;.th~e s am e~TSid::es ~as/~the : : 

original design hut:with the~bottom;~fo:rm~d:by~a 

circular arc ,tangen,~t ~:,to ~the :.si'des. ;iThe i~,bo.,ttom 

• grade of :~the -channel -of !~t hi~s:.,model ~,was ;s~ight~y 

higher than *the orlg~ina~l ~design. ~'~ . 

_. Hydrauli ely thee s i de ~ channel.. ~spi:l;lway '!Is "a ~very .:in- 
" -4 

efflci ent. devi ce, ~a~s s o ~much:~ of i~h.e ~energy of ~the ~wa.ter 

which falls over the .crestLis ~u~sed ,. : " 
up .~in i~_ at :~a~d idoes 

not cause flow down the.side channel.i~oi~Ifi~par,t ,;of i,the . 

energy could be used"in/producln~ :~low~along ~the ~side 

channel, a great er veloclt y :in ;it ~•~ould :result :an*d ,-a 

smaller : and cheaper ~channel. coul~d iLtherefore ~.be ~sed. ~i,To 

a eertain extent :thi.s r~can be ,: acc ~mplis hed ::by ~means -~of ~ 

guide vanes ~ baf-fles which dlrec~th~e~fJ~owi~g '° ';-water 

a~ter passing over the crest :i~to:,ia,~dlrection.mo~e-i~.* 
- ~ 

less parallel to the center .~llne of !th~e~icnanneil, Dif,.fer- 

ri 
ent ~type s and c 0mblnations ::of '~vanes ,wer.e ~.trie'd i,to.de~er- 

mlnohow much could be:~a ccemp~Ished in ~reduclng :the s pi~l. ,~ :~ ~ 

way cost, by this means. 

I./ 

Q 

D 

One of the urz ertaintles of spillway ~deSign ~is i~he 

allowance "which must be:made ~for the-:ai-r ~which .~i,s::entrained 

in the side channel, due~to ~the turrbulent :~ondltions ..of 

flow existing thereln.,. The theory~as de.veloped~by::Himds 
o 

~conslders only solid water, but if a quantity of air ~s 

I 
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entral ne~ ~in ~.th:Is ,water iii:.ts "~volume !i:s ~,:c ozres?pondln#~y 

increased and the :size :O~ ithe +:channel ~neceBsary~to Jcarry 

it Is therefore :presumaSly/increased ;~also, +, i~I,.~easuremen.ts 

were ..tbszefore :made of ::the ~al-r ~ ent:ralned ,in :~the ,~f16w ~th+rough i+~ ,u, 

the model. ~ .... " ~?i / " ~~ 

Obs erva~i ons on_ !~Model Lof . Fir.st De Si gn 

The observa~ions'.to ~i,test ',the! side ckannel -:theory~ • 
~. . . t t .  

consisted in measuremen+s 'Of' the ,:cross +~sec.+ion .of +flow (~ -. 

, +  • . [ ;  • + ~ : :  , 

in the side channel !for+.various,,dlscharges +'..th'rough +he,+mo~el. 

For this purpose '~w.o para~llel,.bars were Lplaced:-~long-',the 

sid es of the :channel~:at ,,abou-~ ii½-f..t..(above ',.the :!~e~el"~iic~ , " ,~ 

• the crest o These,b'azs •were -:carelhZl.ly.ileveled +:so ~+tha+,t ::- + 
. . . . . . . . . .  ' 

their ~ops were in the-same horizontal + in. ~By/means -- 
- .~ Ci  - 

of .a point gage ,.extending ,do','m ,from,+ a~mo~ble :ibeamrSpa~- - 

- i' 

ning the channel from~.one.bar ~t6 ~..the ~othe_z,...:the,:.eleva-. + 

tion of the water . surface ~.at :any -~oln:t :in J,the ~:channa-1 '~cou~Id. 

be determined° .Ordinarli:ly:<cross-seations~were ,taken.~at~ 

each point- co rrespondi~g + to-~:an ,.even .~.st~.t ion .:on ,..the :..prof..o- • , 

type or at 20-inch ir~ter+vala,.+ . ...... . > 

In each sec+tion enough--points,we+.e :~determine+d !to - 
• ~, 

~ermit the:surface to-.be ~accurat.ely~plotted. .The ~cros.s ~ 
Q'~ -- - , ".• 

sections were plotted .to sca~le :.and ,the~.a~.ea ~.of each" was ~."~-~:"~:~'+..++:++~++,.+~ 

de .re tra ined  w i t h  a p Z a n i m e t e r . . :  ++ty.pieal +set  ¢f c r o s s -  

sections is sho~m on Plate IV. .This is for+-a dlscharge+,,~ : 
L 

corresponding ..to i140,000 sec.. ft. ~ on the prototype. 
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From the .cross-sectlon area,_ knowlng +the ibot-tom wi~/th ~and 

slde slopes, the mean depth;T0f".flow~.was computed. !Zn~the 

c omput atl on s thl s value ' was used for ~.the <"d epth :of ,flow :~In 

the channel. ?k "" 

By means of plezometers, ~openlngs in the ::Zloor <of ~he 

channel, connected to the ~glass Ltube :.monome.ters, ~obser~va- 

tlons were made of :the downward ~pressure ~on She ~bottom.~:at 

four points along the :channel. 

'_im 

I 

I: 

I" 

Results on Ivlodel ofFlrst Deslg~ 

The results of observatlons~::on~the:model,:of tthe orl- 

g!nal design is shown on Plate .V. The :first d, lag~amon " 

this page shows the mean water surfaces for ;.the ,various 

discharges observed, between 50,b00.and ~00,000 sec.:f..t. 

The remaining diagrams .of Plate :.¥ give analyses 'off,he' ~ 

individual runs. Far each discharge :;is shown rthe .average 

water surface, determined as described,above, u~the ~the o, " "~, 

retical water surface, wl~-ere :=,it could be-computed; ~the 

depth of water equivalent to :the "downward ;..pressure,-on 

the ch anne i b ot tom,. a s d et enu ined ~by the r~..eadl ngs' of -the 

piezgmeters; .and the ,critic.al..depth .of flow for the .+glven . 

channel section and,discharge. The'.level e~,.. the water 

surface in .the reservoir above the spillway, the eleva- 

tion of ~he spillway crest and spillway floor :l"s al, so 

.indl cated. 
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The theoretical water surface was c ompute~ by the~metho~ /* 
F, 

given by Hinds *, which Is~based ~on his-assumption ;that ~a,ll 

• 8 - 8  Trans. Am. Soc. ,C. E.~ ~V01. :89 ~~(:1926 ~p ~!89 99 ~ 

the energy ~o~ the wa~er ~flowlng ~er ~,.,the ~crest ~Is ~lost. ~ 

These curves were ~us y assumed ~to ~isteLr~t at ~the ~he~g~ht I, 

of the observed ~ater I~ urface~at statlon ~7~00., ~the ~iower I 

end of the overpour ~ise~tlon !of the JSlde i channe!l, ~or ',the 

lo west stati onat ~wh i .Ich~l~the /cr o ss-se c t ion was ~obs erred. 

The c c~putatlon of these ~theoretical ~water surfaces ~is ! 

made by a cut and try s ep method ve~'y Similar :,to :that If 

in the ordlnary icut and~try step,method .of computing a~ i~ I 

backwater curve. In fact, ~the ~opera:tlon :~is really ~the l~:!~ ll~T!~J t 

computation of a :backwater :curve ~using the ,~ws ~of inelas- ,~ 

tic impact instead of the iBernoulll Theorem.. ~ In ;such:~a Ii!~i I 

curve it is .necessary ~~to ha~e a star,ring ~polnt,. and .s~nce 

backwater curves can be worked upstream .more effectively 

than downstream, the logical !place .to start was ~at 'tIB 

kno~n~ elevation at the r~Ower ,end of the .channel. Th~ 

conformity of the observed ~results wl:th the ~theory ~uld 

then be sho}m by the agreement between the .theoretical . ] i  

and actual water surface p~ofile. , ~  

It was not always found posslble'ito determine the ! 

cur.re beginning at ;Station'7, since it was not possible 

to compute the surface curve where it za~sed through the 
! 
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erltical depth. In these:cases !the::Ji~curves were stante~ill . . . . . .  - 

at a station further upstream, ~the location.:of:the i polnt 

in each case belng~Indicated on the ~diagrams. 

The flow llne L for ~50,000 sec. ~ft. •dlscharge was 

so near the crltlcal~depth that ~no ibaek~Tater :curve ~could ~ 

be c anputed. The same was true ~for the 7G,O00 :see. ~ft. 

discharge. In this~case a c~putation~was made ~starti~g 

at Station 4~00 and worklng '~in~both ~directlons. It,de- 

parts considerably from the obser~ved~water surface below 

Station 4@00, Indl eating that whene the flow i~Is near ~the 

critical depth the water surface cannot always :be,:com- 

puted accurately ~in thi s mannez. 

For di scharges==of lO0,O00, 125,000, !140,000, ~150~, 000 

and 175,000 SeCo ft. there is a satisfactory:agreement 

between the observed and the cemputed water levels, i~indi- 

caring the substantial soundness of %he ibasic ;theory.. 

For the 800,000 sec. ft. discharge the :computed ~llne 

falls c onsiderably above :the observed at the upper ~end. 

This may be accounted for in the fact that in ~the compu- 

tation a uniformdischarge per foot of crest was assumed, 

while in the actual case the crest was .Qubme~'ged to ~suffi- 

cient depth to reduce the ~flow at the upstresmend. 

The line representing the piezometric pressures on 

the bottom of the channel falls uniformly below the o~- 

served mean water surface. This has bee~ assumed by some 
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experiments :tb ~be ..'due ~to ~th e..Siai~r c ontent c~ the :water, 

but, measurement of air ~.by.;other apparatus :hss .shown :~:that 

this is not~.the .case, '.The ~cause :of i;the~ diTference :!is 

de th o~ - probably the. fact that .the, p :" ~" :water ~o~er the ~l~le' 

zome,ter openings, .whi ch-,wer, e -'on :the ;center. :llne <of ~the 

channel was less :.than the mean :.depth ~.~ :flow :;in the 

channel. 

The experlmentswith,..a weir across ,:the ilower:.end 

of the .:channel .the results of ,whi'ch are ,shown-on '.Plate 

VI also. indl cate the ~.:substantlal-accuracy ,,:of ::.the i baslc 

theory. In the setup also the :flow :,for the 50,000~sec. 

ft. discharge was too re ar the :erltlcal L to ::enable a '.water 

surface to be computed, :but .~or .thie 75,.000, .!100,000 .~and 

125,000 discharges there is~a satisfactor~y-.agreemen.t . 

between the computed.and .ob served ~.water .ilevels, ~except ~ 

at the upper end c~ the ~-channel, .:where a .wave .was formed 

which made me asurement diffl.c~it. ;F~r ,:~he .:~160,000 sec. 

ft. flow the crest attheupper end~ ~the,channel.:was 

so deeply submerged that the Zlow .over i;i:t•.was ~e ss ~;than 

as~uzed in computing thel-wa.te~ surface, ~h;.ich accounts 

for the dlfferez~.e between the.computed -and obsen.ve~d 

water surface, 

The results on the expa'Iments on the..channel made 

by placing a false bottom in the spillway channel, as 

sho~m on Plate VII also confi~n the theory de~:eloped by 

~.~r..Hinds. l~ere the ~ater surface cotuld be computed 
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there was a good agreement •of 'the :computed wi~ith ~he ~ .: 

¢ 

observed water surface. For'thei~lS0,000:sec. ~ft.~dls- 

charge the crest was so deeply ~submerged ~tha% the ;flow 

over the upper end of thecrest was~not as great,as;as- 

sumed in c~nputlng the ~ater :'surface, amd therefore ~-the 

c ompu ted and observed water ~surfaces :di~ffer ~conslderably. ~~ 

The experiments on the :.o, hannel ~Tomned~by •plaelng 

a round bottom In, he original~spillway~also~iln~general 

substantiate the fundamental theory. ;The::resul~ts~:of 

these tbsts are~shown on Plate ~VlII. For a~dlscl~arge ' 

of i00,000 sec. ft. however, a peculiar wave~formatlon 

° 

~o 

,2- 
i 

occurred, the explanatlon of which :is :not~apparent. 

k' Experiments on Effect 0fi:~,Vanes 

A number of experiments were ~conducted ~to determine 

to ivhat extent it was possible~to decrease~the~cost~of 

the spillway by introducing vanes into ~:~he currect :~o 

deflect the water in thb~dlrectlon aC the~spillway;chan- 

nel, and thus increase ;the ~efficlency c~ time,spillway. 

Vilthout vanes, all the energy of the =~,/ater ~falllng~over 

the spillway crest ~is dissipated and :flow~along :the 

spillway channel is caused [only ~by ithe slope :c~ ~the 

water surface in the channel:itsel:f. With vanes it is 

possible to deflect sc~e of ~the water falling aver ~he 

crest In the direction of the channel, thus increasing ithe 

velocity of the water in the channel and permitti~ the 

use ~ a smaller and cheaper trough. 
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:The first ~series of ,vanes ~tried*~were ,place~ ~on 

the be ttom <of th e_ s pillway <channel. ~0bservations .wi~.th 

color ~injeeted :into the'.,.water r~an'd'wiith .a-current :,~diirec- 

tl on indicator ~shc~ ed ~that .the s'.tream ~o~ .~wa~er ~fa~l~li~g 

over the weir ,plunges to *~the bottom .of ~.the ~.::~chann@l, 

thence moves across ~.the !bo.ttom~L,to ~.the~..-other . side, and 

up that side..iln ..the .first *~,~est~.8 wanes were iplaced 

on the bottom (Run ,No. ~21 ~.) and ~their effect ,noted... 

More vanes, to a ~-!total ~ '.22'~were ~th en ~a~ded ~(RuniNo. ~22),. 

The results of these ~,tests are ,rsho~rn ~on!P~la~e [I~IX.,'. '.The 

average water surface Tor .these conditionswas "not-..~apprec- 

iably lowered, Sho~ing _that ~th.e.,velocity ~ ~ ~i~l-ow !in :.the 

channel was not~n~terially .increased, ,I,t .was "concluded '" 

that the vanes were not sufflciently!inclined~downs,tream. 

Runs No. 23, 24, 25 and ~26 v~ere then,ma~de ..with'_varlous 

greater inclinatlon of the,vanes. 'These all J.show.ed,~lower 

water surfaces ths~ wlth~no vanes.~, .~Indi,~cat'Ing ~tha.,t ithe 

vanes were effective :in increasing th-e ,ve1oclty ,~of .flow 

in the channel. In order ~to ,~indicate the ~.extent ~.to 

whi oh it would be possible ~to lower ~the ~water -surface 

if all the •energy cf ,the~water falling o~,.:er ~the ~.crest 

v~r~s used in producing velocity along the channe~, ~the 

surface which the water would have if there was no loSs 

of energy was computed. ~The position of this surface 
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The first series ~of van-es 'tried ~were ~placed ~on - , ~ . ; 

the bottom of the spillway ,channel~. ~Obser~vatlons ,wiLth 

color injected into ~he~water Jand width ~a ~current 'd:irec- . 

tlon indicator sho~ ea that ~th•e ,stream ~of.--wa~ter falllmg 

over the weir plunges .,to ~the !bottoms-of the channel, 

• thence moves across the'~bottom ;to:i~h~e ~other si,de, ~an~ 

up that side. In the first itest~8 vanes were ~plaoed 

on the bottom (Run No. 21:J and thelr effect no~ed. 

More vanes, to a ~otal c~ ,22 were th~¢n ,added !(..Run No. 22). 

The results of these tests ~are sho~m ~on Plate ~IX. 'The 

average water surface for these conditions was not :apprec- 

iably lowered, Shorting that th, e ~ve~oci,ty~c~ flow in ithe 

channel was not :nn terially increased. It was ~concluded 

that the vanes were no~ sufficlent~y :incllned ~downstream. 

Runs No. 23, 24, 25 and 26 were ~then made ~it:h ~ari;ous 

greater inclination of bhe vanes. These all .showed lower 

water surfaces than with no vanes., Indi,cating ~that ~the 

vanes were effective in increasing the velocity of flow 

in the channel. In order to ~indica~te the extent to . 

which it would be possible to ~ lower the water surface 

if all the energy c~ tha water falling over •.the crest 

v~ used in producing veloclty along the channel, t~he 

surface which the wa~er would have if there was no loss 

of energy was computed, The position of this surface 
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is indicated iby ~the(~line labeled ('!No Loss -of :,Energy-,. 

The resu:~ts of these ,expeniment s :with :vanes ,show, ed that 

it was possible ;t o :recover only ~a ,small :par,t ~af ,the 
T ' " ' ' 

energy of the :falling ,water. ',.The :r;eo0very ,wa's .'.not :suf,fi- 

eie nt to greatly reduce ,the ~size ,cl:annel necessary, 

and it was evident that :the ,,coslt :of linsta,lling vanes ~,of ;~ 

sufficient strength to-resist the :,forces Invo~ed woul~ : 

be greater than the saving ,that ,would .be !produced :.by ,them. 

A series of vanes were :also :placed 'upon :the ,:ogee 

crest. The first of these were !planeisurfaces ,eu:r~ed .in 

the direction c~ the~channel. (CRuns:27 :.and:28)),. .~s :the " 

water passed off the side ~*~these .vanes, :a :se:t ~=(Run ',No..29)) , 

curved up at the :edge '~was ,tested. Thi(s ~gave:,a ~be,tter re- 

covery, but .in neither case was the :sa~i, ng,enough .1%o justl- 

fy the expenditure necessary .to construct the vanes. 

Experiments were .also ',pe:'formed ,with ~various kinds ~:= 

of longitudinal vane s ,along the bottom and :rear ~wall ~ " 

the spillway, both with ~:~he trapezoidal :hottom::an~ ;with 

the round bottom. The ,wa,ter-imPinged ,,on ~the se. ~ane s 
,w 

and did not rise so high against :the :rear :,wall ~of ,the 

channel. Their effec.t was 'to ,levei.out ;~he surface 
. ,- 

o f  the flow :in the channel, :bu:.t they caused no recovery 

of energy. The mean water surface foe these :conditions 

was at practically the same elevation as it would have 

been wi thout the vanes. 

i !  

If 
i 

! 

I 

I -  

t 

t 

i 

i 
I 

• I 

~ • . . . . .  . . . .  ; * . - : - r . .  - " :  " ' :  " "  ~ " " ~ "  " '  " : '  " "" ' ! " ' " ~ ' "  ~" ' - : ~ - : ~ ' "  ~ , ' ~ ' ~ ' : - T ' . , ' . :  : . . . ~  . * ~ " ~ ' ~ : -  ~ "  ~,,m,~"-,,'~";::.-'~,:,~f~"~'.~'7~'~,'; " 
; • , . . . . . . .  - ° -  . .  . . .  



, "." 

J 

t 

| 

,I 
! 

t 

Air Content ' 

In measuring the ~ir e on~tent Jan apparaltus ,devised 

by Igr. D. C. McOonaughy was nse~t' In thls :apparaltus ~the 

mixture of air and water ;was :taken ~from the ~s~d,e ;channel 

through a pipe, the ~end. of whlch ~vas placed~a:t ~the point i 

where it was desired to i determlne the :air :conten:t. ~The 

water, passed into a ~closed tank of ~about :50-gal;lon cap- 

aci t3r in which the air and;water separa;ted, the ~air ,iC0mlng 

to the top. 'The ~water was d ra~z ,off ca:t the ~bottcm:ianE 

measured :in :a water meter, while the volume of ~alr :~was 

detez~nined from the dlf£erence in the air (content :of the: 

tank at ~the beglnnlng ~and •end ~of ,the ~run, as ;In~ilcat ed 

by a gage glass on ;the side, ~care ~belng:;taken to ~have : 

the air at atmospheric pressure ~both at ,.the ibeglnning 
.( 

and enl of the run. 

The air ~content was ~measured a~t :two cross~sections:, 

3~50 and 7~00.,~ ~t Station~3~5O the maximum air content ' 

was 1.41%. This occun'ed near the ~cen~er of the ~channel 

in the region of the air "rope" whi:ch ran !ciownlthel center 
- • ¢ . 

of the channel. This :',rope" seems ito ~be ~due ito the ~spiral 

motion of the water in the-channel which ;causes the i:ii~ 

material of the mixture, i e. the air, to move toward ,the 

center of the spiral. At Station 7÷00 the grea;test air 

content occurred near,the ogee side of the channel and 

reached a Eaximum of 6.7%. At this end of the channel 

the fall of the water between the weir crest and the 

Zl 
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channel was ~greater ,"an-d ,:carri'e~d ~In ,lar~ge ~:quanti~ties ~of 

air. 

! 

Flow in the Tunnel Bends, Riodel ~C ~2. 

In order to determine wha:t :action ~of ~the :water woula 

be in th e horizontal P~bend ~In ~the~spil~lway !tunnel ~;on :~t'he 

Nevada si de of the ritver, several imodels o£ ~:di~fferent 

degree of curvature :were experimented ~upon. The ~firSt 

of these models ~were .Earle with one ~of i the ~cuzved sect:ions 

of the pyralln tube. T~is ~had ~a icentral ~'angle :~ 1222 ~ 

degrees and a radius (to ~the :center ~]Jine:of ~the~behdi) 

of 150 ft. These dlmensions:~did inot ~exactly ~agree:~witth 

any plan for the tunnel, but:ser~ved~to ~show~whatt ;:the 

action would be ~In a bend of shcr~t ;radius. As ~t1~ ,wa'ter 

entered the bend it tended to preserve :i~s ~or'~gina~l <d_~rec.: 

tion of ~otion, but :being restrai~:id ~by the ~wall of ~the 

pipe, was forced up on ~the ,outside ,of :the ~bend~. :~As ~the 

velocity of motion was i hlgh :in,compar:ison !to :the :rad:lus 

of the bend, the water, was "~:forced ,•up rapidly,,, ~creating :a 

velo city in a circumferential :dlrectton whic h mas su~ffi- 

cient to produce a centrifugal force ilarge enou~a to ikeep 

most of the water at the ou.tside of the :pipe ~for ,a comPle[te 

revolution. The combina.tlon of this c:ircumferential ~vel- 
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oeity and the longitudinal veloci:ty caused the water ~to 

take a spiral path around the outside of the pipe. Near 

the bend nearly all the water" seemed to be against the 
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ou~slde a~ the pi~,.,..bu~ :fur,thar ~downstream )less seaued 

' / :  ' " W to follo~ ~the outsi de "and more ,flo ed ailong ~.the :bo!ttom~~.un - 

tll about 8 ...diameters below ~the ~b-end!~h~ ;spi~ral ~mot~ion ~. 

around ..the outsi de of the ,pipe ~ceased.. .The ~.bend shown - 

in the.contract~drawings had :.a ~.cen:.tral angXe ..of 132 ° )15" ~ 

and a radius of 819 ~.ft. ,:on ~th-e ~cen~ter line. ~:A~mcdel Of- 

this bend was constructed of L;10 '' steel~,plpe~, LIn:order. 

that the action of ~the .water ,might ~be ,:obser.~ed, ~the wal~l ,- 

o f  the pipe was cu.t .-away~wi.~h~an .acetylene torch, i,to ~as ii 

great an extent ~as ,.possi,;ble without i~permi~.tting !the .wa~er- , 

to escape. In ~.this •.bend ,the; ~water ~also ~ended ~.to ~pl~le ,up i.- 
• 

on the outside of ~the;.bend, ibut ~_the~radlus -of ~.the i~beml 'was .~ -~ i- 
' . - .-!, . . ~ " " I 

greater ~ith r espe ct 't o ~.~he ~.velo:city '-an ~d ":th~ -water ,was ,not ~ 
- It 

i' 

forced so high~nor .so .rapdi:ly :upward/. ,The circumferentia,'l. ., 

velocity thus produced was .much ~less than .:for ~the 150 ~:ft.,. 

radius bend, and was no,t .suf..:"icien~.t .t.o .gi,ve .~a.,'.centzlfugal 

force ,large enough t o ~keep ~the.water .~;on -;.the ,outside ~of i 

the pipe. The;water rose to,near ~£h.e.. t0p~and th;en ;.fel:l 

toward the bottom of the p~'pe at the same i,t:ime ~,can.tinulng 

its motion in a lqngitudlnal direction. ..The ~,wa.ter.i:which 

fell had however a camponent of:flow across ,the :pipe .which 

tended to make some water flow across the-pipe and pile 

up on the :inside of the bend to~ a certain extent, bu&t 

much less than on the outside of the pipe. Figure .1 

illustrates the conditions of flow just described. -In 

' i' 
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order to try to improve the :condiiti~ons :of flow ~in ithe 

bend, one with a radius corresiponding ~to i1600 ~ft. was 

built. This model was constructed~ wood anl concrete. 

Figure 1 shows i Lnis model carrying ~a flow cor~esPor~:ing 

to !50,000 sec. ft. The conditions withilth:is "model~id~id ' 

not seem to be appreciably~better than ~for the ~i819 ~ft. 

radius bend. Another model wasi'constructed ~on ~a~com- 
I) 

pound curve, the first iporZion of ~the curve !had ~a radius • 

of 1600 ft. (Prototype scale) with <a :centra~l argle Lcf 

:i 

F 

21 ° 27' and the secor~ portionla radius of 2400 Dt. wii~h 

a 7 ° 09' central a~le. Figure 2 Shows ~thls~model wi:th 

a 50,000 sec. ft. discharge. As~nef2her :af ~he ~greater 

radius bends seemed better thau r the~one c~Iginally select- 

ed, the latter was adopted ~for test fin ~the i~iontrose !i~1~:20 

scale model. 

In ~der to determine definitely ~the p~th taken~by • 
L 

the water in passizg through ~the bend, the ~!Inside c~ ~the 

bend was coated with a tl~ick layer of white le ad~palnt, 

While the paint was still soft water was permitted ~to 

flow through the pipe for a short time. Thls caused 

the paint to farm in ridges indi cating ~he di~rectlon ~cf 

flow. Figures 3 and a/ show the lines in the model c~ 

819 ft. radius bend for discharges of 100,000 and 200,000 

second fe~t respectively. 
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Figure i Flow in tunn@l bend. ~:~ .... - - -  ..... !:: 
R = 1 , 6 0 0 ,  Q = 1 5 0 : , 0 0 0  s e c .  f : l : ; .  = ~ !  " ' ~ : " ~  ;~ ~ "  ~''' 
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Figure 4. Lines showing direction Figure :2. Flow in gun- , 

of flow in t u n n e l  b e n d ,  R ' -  8 1 9 ,  n e l  b e t A .  C o m p o u n d  c u r v e :  

Q =. 200,000 sec. ft. R = 1,600, R = 2 , 4 0 Q ,  
Q = 50,000 sec. ft. 
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STONEY :DATE :I:~CD~EL IC-~ ~, ,l::~O :SCAEE : ~! 

• ~ ,~. ~\ ' : : :~... 

One of the contemplated'~desi, gns,:for ~Zhe :~Hoover 

Dam Spillways was 'a s ide :channel ~s pi~Iw~.y ~lsyou.t ~,wi"~th-a-: 

l=ge Stoney Gate a.t the,eni%rance-~t6iithe..channel, -det~i~s 

o f  v , ~ i c h  a r e  s h o w n  .on P l a t e  .No,  . : ~ .  ° . . . . .  ',~ ~ ° ,  

In July of this year;-a i model of ~hi, s ~desi~gn i,was .~ .... ,' 

built on a scale ,of l:G0 or :l inch~equa:ls:~5 f~t,:, and 

tU. 

i n s t a l l e d  i n  t h e  H y d r a u l i c  ?Labora%or.y ~ . the " C b l o r a d o  

Agricultural College .at ~Fort ~Col~l:ins, Col0ra~do. ~.. . 

The : s c a l e  P r o l ~ o r . t : i o n s  g a v e  a- :mc~,e l  abou:% :se-0"en ~ f e e t  

long and one and :a half,:feet :In.~height, ~the :~wldth of %he 

Stoney Gate being one :foo.t. :For ::maximum :flow--:.th-e ~epth 

o f  . t h e  "~ater  -over  t h e  ~ c r e s t  w a s  ~ a p p r o x i m a t . e l y  i-~,,o : i r ~ : h e s  

and th e cuan t ity o f  ;wa:ter !handleXl~.~.was about seven and 

one-half cubic ~feet per second. ..... 

~n e m o d e l  w a s  c o n  s t ~ c . t  ed  : c f  :.wo od . f r a m i n g  , c o ~ e r e i l  

,wi th galvanized iron ~for the :~mo st ;par;t b ut the ,ac Curate 
u . . . .  

c u r v e  o f  t h e  s p i l l w a y  c r e s . t  w a s - c a r v e d  : f r ~ m  a ?b"lo~k~;cl ~ 

wood, also the warped section..of ,the ,channel ~below ,the 

gate was shaped from :boards :stacked':up :and :screwed : ~ o -  - 

g e t h e r .  

Representation of the :rock t0pography In .fron~ 

[ - , 

T 

• . ) ,  

1 

- i 

of the spillway was obtained ,by cribbing up boards of .a 

thickness corresponding to a four foot interval, whlc~h 

were cut along the contour lines. 

"" " ~ - -  ........ ~--'--'~" w~"~. ....................... - . • i'-~. ~ °.~. t~. ,~ . ~  . . . .  ,~r-- =~,, ...... . •. ° ~ ,  ~a..~.~...~..~.~.. . . . .  ~ ...... ~ ~.,v~.~j. ~ ~ ~ ~ ~ '  "'~.' ~°. ...... -. ~"~" "~ 
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Figure 5 .  Look- 
ing downstream ~ i 
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and channel ~:'" t il 
transition• : l-~ 
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Figure 8. Completed model wi'th contours. 
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Figure 9. Piezometer gage board. 
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The transit~ion from the ~sloped wall ~si~e ,0hannel 

t'~ t h e  c i r c u l a r  t u n n e l  w a s . s h a p e d  b e t w e e n c o l ~ I a r s  a t  

various Intervals by wood staves ~hlch were then smoothed 

. ! 

dora and painted and ~the outside coated ~wi;th a thlck 

layer of paraffin to prevent swelling. ~ 

Construction of the model :isi~!i~dlcated:by iFigures 

8 to 8, inclusive. 

The control and measurement 0f water !for ~thls setup 
[ 

was the same as the preceding ones. Water ~surface ele- 

vations in the forebay and pressures at various points i 

in the channel were 0btained~by piazometer openings, ~ 

located as sh~;n onPlate XI, V~ich were connected by 

rubber hose to the glass tubes, mounted as Shown ion ~ 

Figure 9. 

The in~estigatlons included sxperlments on: 

i I. The 0ri ginal Design 

A. To check the theory. 

i. Flow over,crest only. 

a. Coefficient cf discharge. 

2. Flow urger<gate only. 

a. Capacity at various openings, 

3. Flow over crest and unler <igate dur- 
ing rls ing flood. 

La. Observation and record of opera- 
tion. 

" ~ - - ~ ~  .... .... ~-~--~-- ....... - ........ ~. y~ .... ~ ~-~-~-r~, ~-C ~- 
• ~ • - • • • ~, L , .~ . . / • . • 
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The transition from ~the ~s!loped wal, l ~slde ~chaunel 

f 
tb the circular tunnel wasshaped between co~lars at 

various intervals by wood sta,ves ~vhich~were ~then smoothed 

dora ani painted and the outslde ~:coated wi~th~a !thlck 

layer c~ paraffin to prevent swe111ng, • 

Construc ti on of the rood el i s :i~d,i ~cat ed !b y iFigures • 

5 to 8, ir~lualve. 

The control and nB asurement ~of~vater for thls setup 

was the same as the preceding ones. Water :surface ele- 

vations in the forebay and pressures at various ~points 

in the channel were obtained by piezometer ~openin~, 

located as shcwn on Plate XI, v~ich were connected ~bY 

rubber hose to the glass tubes, mounted as ~shovm on 

Figure 9. 

• The investigations included experlmants on: 

I. The ~:Ori~inal Design 

A. To check the theory,. 

1. Flow Lover ~crest only. 

a. Coefficlsnt :c~ di~scharge. 

2. Flow under lgate only. 

a. Capacity at ~arlous openings. 

3. Flow over crest and unler gate dur- 
ing rising flood. 

a. Observation and record of opera- 
tion. 

7 ¸ o 
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• If. :AI ~tera tl ons, on 11th e 0rl gln~l !Design; 

To improve ~flow corg:itlons. 

Placing den tat ed "slll ~on ~ ch annel ~flo or.. 
"E 

xtendlng gate ~pier upstream. 

Decreasing width of ~ gate ~channel :excava- 
tlon. . . 

Lengthening chsnnel transitlon. ' 

G. Extending end piers of :the ~erest~upstream. 

6. False floors :in channel to obtain ~data 
for further deslg~. 

Flow over Crest 0nl~ 

The flow from the gate was i blocked~off and :various 

discharges up to a flow corresPonding~toL200,000 c;f.s. 

were recorded. At the same time the depth~of:water~0ver 

the crest was measured through ~piezometer ~openings ~loca- 

ted upstream therefrom. Water surface~elevatlons were 

also taken in the channel:by meats of the point gage• 

Figures l0 and ll show the flow conditlons:f or 

discharges of 55,000 and 200,000.c.:f.s. ~re~.~pectively. 

It v~[ll be noted in the pictures that the water tends 

to pile up on the far wall of the channel and ride dovm 

the right side of the tunnel. 

I 

! 
i 

I 

i ll 

• a 

Flow Un.der Gate 0nly 

The crest was blocked off and the gate opened at 

different stages with the pond kept constant at El. 1232. 

0.uite a vortex was noted in the forebay ahead of t?~ 

g~e at certain discharges• 
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Figure ll. 
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Figure 12. . . . .  . . . . . . . . . . . . . . . . . . . . . . .  

Figure 13 .... 
Flow under gate only. 

Q = 60,000 sec. ft. Pond a t  El. ~1232. 
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Fi gure 14. 

Flo~v .. through gate only. 
,*'-~.~ ~ q : !£O,O00~_sec. ft. 
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It will be seen from Fi'gures 12 to 15 that ~he f~low ! 

frown the gate only is of high .velocity and s~ra:ight .llne i 

flow except for the component.across *.the :channel gl~en i 

it by the curve in'~the transition ~below ithe~gate, 

¢ 

Figure 13 may be contrasted.~.,~.., ~rith Figure ii~lO-,and .'Figure. ~,,~ 

14 with Figure ii in-the foregoing sectlon ~for f,lc~ :condl- 

t i o n s  o f  a p p r o x l t r ~  t e l y  ~the ~,same q u a n t i t y  o f ~ , w a t e r , d , l : s c h a r g _  ~ • 

ing. 

Flow Over Crest and Under Gate ~ 

In this test, rising ~f-lood condltlors were simulated, 

that is, the flow was•a~llo,~.ed to pass over the crest ,unti.1 

the pond reached El. 1232, where it~iwas kep.t constant- 

"bye.. raising the S~oney Gate until !th*~full discharge ~repre- i 
i 

senting 200,000 c,f.s~, was reached.. Flow quantities at 
% 

various forebay elevations and gate openings ~were recorded 

and observation of conditions ~caused ibyrai•slng Lthe gate 

noted. Loss in head over the horizontal •excavation in 

front of the crest was ascertained by means ~of .a row of 

plezometers upstream'norma~l to the crest.. To,check,any 
r 

tendency of the water to leap the-floor of ~the itunnel i 

transition a row of piezom~ters were located e long the • i 

center llne and readings taken at the various discharges. 

To obtain the vacuum unicr the nappe over the gate and 

also on the crest wall near the gate where the slope was 

steep, pie zometers ~ere located at these points and their 

readings reco rded. 
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Figure 16. F10w 
over crest and 
gate, 
Q " 60,000 sec. 
ft. 
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....... • . . . . . . .  _ • . ~ ,. ~. ~ F i g u r e  1 7 .  : F 1 0 w  
. . . .  ~ - ' ~ -  ~ C.'~ 

.... _ ~  :~ ~ =  ~ , _~ ,  ' - ~ , . , ; , :  . . . . .  over , . c r e s t  :al~d 

[ .  
• "2 

t ' "  

~,, 

:under ~ gate, 
: Q ",l~10~,000 J seo, 

ft. ,Pond: at 
. ~E1, 1232, 

iFigure 18; !Flow 
o v e r  c r e s ~ ,  a n d  • "-~-- 

uni gate .... 

Q = ~ l l O , O 0 0  s e c .  

ft, Pond at 
El, 1232, 

2 9 a .  ~ - , ,  
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Figure 19. Fi gare i20. 
Flow over crest and under ga~e. 

Q = 160,000 sec. ft. ;;Pond eat )El. ~1232. 

\ .  

\ 
\ 1 

\ 
\ 
' 4  

J " 2 '  • * ' ~  " 

, r  • 

/ 

" . :  ..... . ..... - ".2 ............. ~-  . S  
Figure 21. Figure 22. 

Flow over crest and under gate. 
-.~_~ - Q = 200,000 sec. ft. 2~b Pond at El. 1232. r~ ..... 'i 
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Figure 23. 
Over crest and 
through gate, 
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.Fi'gure :24, 
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L~ ........................ 
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i --Over ~cr.es.t ,:only.-. Y 
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Figure : 25. 

Through gate only. 

Crest blocked. 
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The ~c ondi t lots for a~ flow ~ of ~60,000 seo. ft. ~are 

shown on Figure 16. ~For this condition water -passes 

over the gate, as well as over :tke :6rest. 

Wen the .gate is °opened slightly, ~however, ,there :~is 

quite a disturbance due ~to~the high velocity~0f :th~ water 

shooti~ under it, as:seen in'Figures 17 and ~18, ~represent- 

ing a~ll0,000 sec. ft. discharge. As~:the gatels~raised 

fur ther, however, the fl0~ ~ from tt ~tends ~t o counteract 

the component across the~cham~el, of the water !fr~n ~the 

crest, and sweep it downstream, as seen in ~igu~es~19 and ~ 

20 (160,000 see. :ft,) and 21 andS22 (200,000~see. !ft.), 

It is on the smaller gate:openings that ths~dtsturbance 

i S :worse. 

The influence of ~this ~cross!flow from-the crest is 

best illustrated :by the flow from the lower end c~ ~the 

transition. It rill :be noted in :!Figure 23, i Phe~egral~h- 

2@-A-~-that the flow from the crest which amounts to 

about 66,000 c.f.s, has imparted a twist to the jet and 

this is substantiated by observing the ~roll t o the water%~ 

when the entire flow is passed o~er the crest as seen iln 

Figure 24. 

It would seem by the pictures that ths ~$~nnel~was 

running full, but the main bulk cf the water is flowing 

in about ths lower three quarters, the water on top being 

splash and spray. There is less when the flow is through 

the gate only as noted in Figure 25. 
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Figure 26. 

Height, fifteen~feet. • 
Curved :de~itat e s on :fl oor. 
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Figure 28. 
No baffles. Q = 150,000 sec.ft. 

S0a. 

• Q := i150,000 sec. ~ft. 
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Figure 29. 
d~r~t~tes on floor Cu!~ved 

~= 200,000 sec.ft. 
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Alt eratioms to T mprove Flow Cond~itlo ns. 

Den tated Sill alorL~ Cllannel Floor.. 

In an attampt tolrevent ithe flow,over ~the ~crest 

from piling up a~ongthe ~rlght wall, t~o ~sets~of ~cur~e~i 

dentates were tried along the ~channe~l :floor, ,the ~larger 
~ jz 

representlng fifteen feet iheigh~ 'is shown :In :Figure :26. 

The action of the dentated buckets fin le~ellng out 

the water surface was very satisfactory as Lshown by~com- 

oarison~of the Figures 27 ~?d 28, showing the~ same ~flow 

(150,000 ~sec. ft..) wiZh and without t/~e sill. /~t the 

maximum di scharge, howe~er, ~the effect is almost lost 

due to the deep submar~ence:of the baffles as~zhown by 

a camparison of Figures ~ ~i ~and 2S, ~. 

Gate Pier Extension '~ 

At the Stoney Gate,entrance there is quite a swirl 

ancl eddy loss arourzl the outside pier due to the gate 

draw down, as shown on~Figu re 30. This was not ~alleviated 

by r~ndlng the nose (See Figure ol)~but ~was overcome 

by extending the~curve of the pier npstream. If the ~ 

extension was tak~ t o the en trance of :the intake excava- 

tion, the difficulty is entirely overcoma. (Figure 32 

and 33) It is believed that this extension mlght/be: 

shortened conslderably and still obtain good results, but 

of course the further upstream the'extens~n is made :the 

more the flow is improved. 
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Figure 34. False wall :in Gate :Excavation 
Left Pier Extension. 
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Figure 35. False wall in Gate 
Excavation. Left Pier Extension. 
Q = 200,000 sec. ft. 
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Figure 136. ~Looking down~ 
stream. Fal~se side in 
channel transi~tion. 
Q = 170,O00 sec. ft. 
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Figure 37. 
Looking upstream. False 
side in channel transition. 
Q = 170,000 sec.ft, approx. 
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Gate In.take Exca.vatlon 

The experiments showed that the excavation ~for the 

Stoney Gate Intake was too large as there was dead ~water 

along the right bank. Four dif£erent settings were ~trled, 

gradually drawing the right side ~Tall in, and it ~was found 

that ths velocity c~ the beginning could ~be doubled, 

wi thout any detriment, but,wlth improvement in the flow ~ 

lines. With the extension on the left pier, as illustrated 

in Figures 34 and 35, the flow into the ~Eate was balanced 

and smooth, 

Tlmnsltlon - Gate to Channel 

The cause of the turbulent con~itlons of flow in 

the spillway channel did not seem to lle in the turning :~ 

of the water in front of the gate, where the veloc~itles 

were comparatively low, but below the gate in Lthe side 

channel proper. The radius of the transition seemed too 

i 

• i 

i 

I 
] 

sharp causing the water to pile up on therlght wall, 

thence it was deflected across the channel to the crest 

side causing irregular flow doT~ the .tunnel as shown on 

Figure 14. 

This was improved to some extent by lengthening 

the transition section, making the radius .of ,the turn 

flatter, which was effected by the false wall. The 

result of this char~ze can be seen by comparing Flgtu'es 

36 and 37 with Figures 14 and 15. 
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Figure 38. 
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Fi gure 39. 
Floor raised 45 feet a~ upper end ~. 
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Figure 40. Floor 
raised 45 feet 
at uppe!- end. 
Q = 200,000 sec. 
ft. approx. 
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Upstream Foreba.. '" " ~,alls ate,Ends of Crest. 

Extension of ithe end p! ers upstream decreased ~t.he 

loss in head due t othe.flow around the.oorners~at .those 

points and increased the.di scharge slightly. This exten" 

sion can be easily made on the downstream end as ~a .fac- 

ing ;zall along the excavat~ion out. 

False Floors in Channel 
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To note the flow conditions if the channel :floc~ 

was steepened, the Stoney Gate ~was blocked off entirely, 

and three false bottQms placed in, varYlng:In !.height 

15, 30, and 45 feet above the original floor. At the 

Faxlmum flow over the crest, for which it was designe'd, 

in all set ups, the flow was handled~in a satisfactory 

manner, although the bottom ~was swept clean at the upper 

end. See Figures 38 and 39. For a flowof :20.0,000 c..f.s., 

however, it would seem that the slope .was too steep, re- 

sulting in very bad flow c ondltions down ~the tunnel. 

Figure 40 may be compared wIL~1 Figure l'l, where .the 

floor was as originally designed. From,a hydraulle :stand- 

point it would seem that the flatter the floor ~slope, the 

better. 
Stoney Gate Tyoe Abandoned 

Although several changes indi-cated ti2~ improvement 

was possible in the original design of this model, no 

great improvement was obtained. It is believed t11at by 

reeking the spillv~ay channe]" straight and throwi.~ all 

i 

i~ ~ ~.~'i 
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Figure 41. Side view Drumgate model as 
designed ( M - I ) . .  
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Figure 42. Lookiz~ dovmstream. Drum- 
gate model as designed. 
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gate Structure the water entered a wooden flume, where 

it turned at right angles and flowed parallel to the 

canal to the measuring weir. The ~flunm was 12 ~ft~, wide. 

l 

i 
i 

• t • 

i 
At the upper end~were three sets of baffles which ~were I 

constructed as a result of ~considerable experlmentation, 

in such a manner that the turbulence of the water enter- ! 

ing the flume would be as far as ~possible damped out and 

the water approach the welr wlth a uniform velocity c~ • 

approach through out the ch anne l eros s section. 

Th2 weir was located 62 ft. below~the baffles. It 

was mounted ln a corzrete weir box~founded on,hard shale 

to prevent settlement. The weir was a dupllcate of 

Francls' suppressed weir except that the length was 12 

f~. instead of l0 ft. The height of the ~crest above 

the flo~ was 4.6 ft. and the head was Eeasure~ at a 

point 6 ft. upstream from the weir. The crest was formed 

of a steel angle planed to a flat crest ~,, wide. Great 

care was taken to keep a smooth Lface on the upstream 

side of the weir angle and a sharp edge between this 

face and the top face, in order to instu~e accurate measure- 

ments. The head on the weir was read by means of float 

gages at each end. These were of a rood!fled Cornell type. 
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After passing over'the weir the water turned at 

rlght angles ~and passed through two :sets of ~ba:ffles 
) 

into the forebay. This :was awooda~ ~hannel 8 ,ft. deep 

and 39 ft. long expanding ~iin width from 14 >ft,. t o'~0 

i ! 

: i 

S 
ft. Across the end of :the forebay was a :bulkhead built ~ : 

to form a model a~ :the topography ::of the :spi,llway si<te* : :i !0,~ 
t 

In this topography :was located ~the-crest of ,the spillway ~i i; 

model. After passizE, over the :crest,, the ~a~er :fell into , i 

the spillway channel, along which it ~flowed ::into ~a transl- [!, ,i 
: I 

tlon section and thence ::into the model ~ the inclined 

tunnel. The transition was constructed of wood an~ : ~1 
:sjl 

the inclined tunnel of wood stave i pipe. The vertical 
• j 

., 

bend which connects .this :wi.th ~the model of :the horizon- 

tal portion of the tunnel was cast :in :concrete. ~ The '~ ,: 
: ' }l 

horizontal tunnel, including the horizontal ?bend :of 5, ~: 

819 ft. radius, was a 30" wood stave pipB. ;This pipe " '.! 
J 

discharged into a 4'-0" x 4 ~'-0" 'box flum~ •which carl.'ie~ : : 

the water back to the South Canal. In order to cbserve • i~ 

t h e  f l o w  i n  t h e  v e r t i c a l  . b e n d  a n i i  t h e  w o o d  s t a v e  " t u n n e l " . .  ~ .i 

windows were placed in them at. intervals. I0 ! 

v 

" ! 
E3~ERI!:{~TS ON MODEL M-I~ (Iq:IGINAL DESIGN I .~ , 

- "  - i ' 

The first drum gate model experimented upon at the ~ ~ ! 

I~ontrose laboratory (desi~ated as M-1.) was a 1:20 scale ~ I 

ratio model ,of the spillway sho~:m in •Figures 41 and 42. ~ ~, 
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The crest was composed of four drum gates i00 ft. long 

with lO ft. piers between. The ,channel had ai:bottom 

wi dth varying f rom 26.5 to ~52.4 ft. :and,a 0.3~5:1 slol m~~ 

on the side opposite the weir. The ~bottom sloped steeply, 

having a fall of 104 :ft. :in the 403 ift. length ;to the 

beginning of the transition section, "The d~Imenslons 

were c~nputed by the methods developed by Mr. Hirfls. 

This model did not function satisfactorily. Be- 

cause of the steep slope the velocity of flow a~long t hB 

channel was great, ar~ the cross section of the:flowlng 

water was relatively small. The depth .of flo~ was there- 

fore less than in "the models previously:Investigate'd. 

The average fall of the water passing over the ~crest, be- 

tween the reservoir level and the channel level rwas also 

so~2what greater. This greater fall tended to make the 

water pile up on the side of the channel opposite the 

crest to a higher elevation. The smaller :depth ~of flc~ 

in the channel also offered less-resistance to this 

tendency, since the greater the depth c~ water the greater 

is the tendency to dissipate the energy of the overflowing 

stream. The combination of greater fall and smaller Ldepth 

of flow resulted in a high wave on the back side of the 

channel, .which caused considerable impact on the end wall 

at the portal of the tunnel for discharges of lO0,O00 

sec. ft. and over. The conditions in the clmnnel for 
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Figure 46. Ori gi, nal'idesi~a~. 
Q = 200,O00~sec. ::ft.. 

Figure 47. Original desi~ ~ao~,.,ing wave 
at upper end. Q = 100,000 seo. Tt. 
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discharges •of 50,000, IO0,OOG, 150.iO00 :and 200~,000 see. 

ft. are shown :in Figures .43 %0-:46~, inclusive. ~t the 

upper end of the channel at ~d~Ischarges up :to 1150.,000 
~? | 

sec. ft., the ,wa~er .flowl~g ~over the-crest swept th e 

floor ~" d ~elear,;?@n formed on the ~back :side of ~the°~:;c~*~nel 

a ridge resembling a ~wave on :an ,ocean ibeach ~Just as ;it ~ II!i~ 

breaks, :shown in ,Fi gure,4;7,. ~ !hlgh ,£ a~l~ ,an d~'~§'~!i:~g~t 

depth of water also ,caused ~a,!i~ecided spiral :mo~ion in ~ 1 

the flow down ~the channel~ ,which !.set ~up ~conslderable '!!I 

commotion in the transition :section ~:a~t ;the t:op of ~the ~ i 

inclined tunnel. They also :caused :severe ~splashlng a,t :the :]~.~ 

vertical bend at ~the :bottom of ~the inclined ~tunnel. ~Water. I~ 

began to splash out of the lower :of ~the %we windows ::in ~the L'/ 

bend at a discharge of llO, O00 ar~ severe ~splash~rg ~:cc ~,-~'~~~"~'~" " 

cuffed at 120'000 sec" ft" With a~d~ischarge~°f ~20'0~'000 il 

sec..ft, there was a very:distrubed ~condition of flow at 

this point and the-splashing, together ~wlth the ~alr ibrouEh.t I 
t 

down by the Water exerted considerable :pressure on the ~ = 

windows in the tOP of %he ~bend.. The ~f,low :~hrough the ~pipel, i 
~" L-:= 

as observed through the wlnSows, :was,very much di~s.turbed 
'.3 

and near the end of'  the tunnel ,gave rise to severe vlbra- [ 
> !, 

tion. 

The cause of .this vibration or t~humping is not ,nertaln 

,but seems to be related to the well knovm fact that resis- 

tance to flow of water in pipes decreases as the dep~ of. 

flow increases untll a depth of about 0 . 9 5  of, the diameter 

n 
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is reached, 'beyond which !the ~resistance rapid,ly 'increases 
• . @ 

In an inclined pipe :into whi:ch wa.ter~'~iis ~emi~tted ~in graa- 

ually increasing quanti%y,, when a ~depth of .0,87 ~of ~th~e 

diameter is reached, ~if the :water .splashes to ~the t:op 

i t suddenly fills ~the whole 7plpe .:a.nd 'in this ~ondi~ti~on 

the pipe wil~l ~not carry a.s great-~a .when T.low-- ~, 

ing 0.87 full. As :the ~+a'ter f~ows down~the" ~nnel .its ~ ~' 

velocity is reduced by frictionand '.the .d~9.th ~of :.flow 

increases, Near the .downstream end,-for discharges ,of. 

near 200,000 s,c. ft. the ;depth approaches O1.87 of~:the 
.i 

diameter of the !pipe. l~nen :a surge ,.,:or splash ;occurs the 

flow suddenly Sumps ~O ~the full condi:tion,: .ilnstantl:~ 

increasing the resistance :to flow.and :~causi~ng a hammer ~ 
. <~  ~.. 

or thump in the pipe. The flow does .not .continue at 

the full depth, however, but quickly drops :do~wn to 

part depth flow. 

| 

i 
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L 
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. . , , .  

This may be ,due 'to a~ir ,brough~t ~inat ~7 

the upper end of 'the tunnel forcing itself .out:a~t the 
~. 

lower end. Another possi~ble explanation is that th~ ~ 

sudden increase in resistance tends to .fozm teraporarily 

a hydraulic Jump, whi ch :c~nn~ot ma~in.ta~in itself :be cause 
.- o 

t h e  f r i c t i o n  l o s s  to  t t i e  end o f  , t h e ~ p i p e  i s n o ' ~  . s u f f l -  

clent to create the required :back :pressure.~ These 

changes between full and partially full flow give rise 

to a serles of thumps or blows of varying intensity 
i \ 

at irregular intervals, which are felt only near the 

For the original design 
i' 

do~wnstresm end of the pipe. 
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Figure 48. Raised Floor in Channel. 
Q = 9 0 , 0 0 0  s e c .  f t .  
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Figure 49. Coping on Back ~,7a!~]., :~0 ft. , 

Flat Top in Transition, #i Bell .t[outh ii ~ 
and Rai sed Bo ttom. 
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a severe blow came about once every ten seconds. In 

the prototype these dlsturbances ~would~no doubt set up 

a perceptible Jar ;In ~;the rock :of ~the canyon,wa:ll, ~whlch 

would be undesirable. 

Raised Floor In'~,,~-i 1,~odel 

In order to reduce the height •of the ,wave ,on :~the 

back wall of the channel, ~the~floar of the~channal ~was 

raised, a maximum of 19 ft. ,at Station ~3÷00 ~and~isloped 

from this point to the ~:iglnal ::botto~i ilevels ::a~t ~the 

u p p e r  e n d  o f  tl~.e c h a n n e l  a n d . d o w n  .to t h e  b e ~ l n n i r ~  o f  

the transition. ,The grade of this :channel ~is shown;on 

Plate XIII. This decreased the slope ~cf the upper en~ 

of the channel, at the same time decreasing the hei@ht 

of the fall of the water over the crest. The condi- 

tions of flo~ in the channel were Improved~but th~e 

was still considerable splashing a~t the iportal of~the 

tunnel. A discharge of ~90,000 sec. ~t. is~shown on 

Figure 48. The water still rose to an u~i~esirable 

height against theYfback wall. 

Althi>ugh the original design ~was 'computed~'to Lhave 

a cross section just sufficient to carry theBDD,000 

sec. ft. discharge without causing sufflcient sub - 

mergence of the ogee crest at the. upstream,end c~ the 

channel to reduce the flow cm-er it, !it was found that 
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the floor could be,raised and the flow over the ;crest 

at the upper end still maintained, iThlslls probably 

due to the fact tha t ;the water level determined ,in the 

computations is the mean water level in the channel 

cross section, while the level~which ~determines the 

submergence effect is ~t he level ;on the ~ side .of ,t I~ 

channel near the weir, whlbh Is conslderably '~l°wer ~ 
"j 

than the mean ilevel. 

Coping on the Back ~all 

In crder to :reduce ~the height to~whlch ~the~water 

rose against the back wall a curved ~faced.bafflei~In 

the form of a coping was placed~along this wall with i the 

top of the curved ,face about 20!ft. ~above !the ~floor. 
! 

The position of this ~haffle is shown :in Fi@Ire 49. 

This tendgd ~o thro,w the water out ~toward ~the center 

of the stream and reduc ed~~the!heiF~a't;°f ~the wave agairst 

the wall. It consi&erably iimproved ~the ;conditions ;at ':the 

entrance to the tunnel and reduc ed~.~the disturbances ~thr°ugh- 

out the tunnel. 'fhe condlti ons o~low~with this !baffle . 

iooo 
for di scharges ~ ~i~/~@8, ~I~ ~7 

sec. ft. are shown on Figures, ~, ~, ~j~_and M~re- 
c 

spectlvely. :~ 

Flat To~ Contraction in the Transition 

• The original design contemplated on free surface 

for the water in flowlng in the spillway and tunnel. 
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~° Figure :50. •Coping 
on •Back ,Wall. 
Q "::i00,000 sec. ,f~. 

I 

Figure 51. Coping on 
Back V.all. Q -- 150,00( 
sec. ft. 
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On account of the turbulent conditions of flow this sur- 

face was ~very rough and produced a great deal ~ ~splash I_ 

ing and impact. In order to smooth oUt the water surTace 

a contractlonwas placed in the ~transltlon,sectlon as 

shown in Figure ~ and on Plate XZII. Thls~consisted ~ 

a flat top in the transition gradually~coutractlng ~the 

waterway from 0 at th.e upper end of the transit~ion ~o 

a distance 20 ft. down from the top at the ~lower end. ~; 

A vent was built at the lower end to admit air above the 

water in the inclined tunnel dom~stream from the~Lcont rac- 

tion. Far discharges over abou~ 195,000 sec. ft. this 

formed an orifice with a horizontal top edge a!t~the upper 

end of the incllmd tunnel and caused the water ~to stsr:t 

down the tunnel with a flat upper surface, thiosi:largely 

reducing the splashing in,the!pipe. When thls co n~ractl on 

acted as an orifice it r~sed the surface levels~in the 

side channel, reducing the drop in the ~zater ~faZllng o~er 

the crest and increasing the depth In the channel, both 

of which effects tended to ~Improve the flow Lconditions 

Fi&~re ~ shows the conditions of flow in the channel with 

the raised bottom but wiK~out the coping on the~bac~ v, ml~l. ~ 

Although the contraction considerably raised the water,level 

in the channel at the lower end, it did not back up enough 

at the upper end to reduce the flow over the spillway crest. 
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The conditions of flow in the pipe were corsld erably 

improved, both In regard to ~the splaahing at ~the vertical 

bend and the thumplng~at the~end~of the plpe. ~A still 

further improvement Was secured ~by~uslng the coping 

on the back ~ll in additlon~to the Tlat toptranSltlon 

in the contraction. The splashing from the ~lower wlnd(~ 

in the vertical bend started at 130,000 sec. ~ft. amd the 

thumping in the pipe was isti~ll further reduced. 

A con~ractlon in the transition which restrlc~ted 

the opening less than that previously descrlbed was 

also tested. The flat top In lthi~s case extended ~15 T t. 

down from the top of the transition section as Lcompared 

with 20 ft. in the previous case. The condltions ~ 
~, z 

flow in the channel, vertlcal bend and aS the end of ~the 

tunnel were all somewhat less desirable ~than with ith~ 

greater contraction. In all the follo~rlng~experiments there- 

fore the greater Contraction was used. 

Vane in Inclined Pipe 

The water flowing c~er the ogee crest imparted to 

the water in the side channel a spiral motion, which 

persisted for a long distanQe down the tunnel, and 

caused at least a portion of the dlsturbance in the flow. 

In order to reduce this spiral motion, and hence the dis- 

turbance, vanes in various positions in the transition 

-and inclined tunnel were exper'imented upon. he first T 
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vane was about 6 ft. high and1: extended domz the ~center 

of the flat top c~n~traction il n ~he !~ransi;~tion. No ~bene- 

flclal effect from thls~was nOtic<ed~. ~A 'vane i6 ~ft. high 

was then placed along the :bottam of ithe .:inc'lir2~d ~.tunnel 

from the end of the transit~ion!to the ~beglnning of ~the 

verti cal bend. This resulted ~in a marked :Improwam~t 

in the splashing at the vertical bend. Uith the ~flat :top 

contraction in the transition and i the coping on the rear 

wall, this vane imreased the~dlscharge a~ which ~splash- 

ing began at the lower wir~ow 1from 130,000 sec. ft~. ito 

162,000 sec. ft. Severe;splashing did~not occur'till 

the discharge reached 190,000 sec. ~ft. 

As the splashing out at ~the ,window ~always occurred 

on the left side, it was at first thought that by :inclin- 

ing the vane toward the right side ~c£ the :PiPe, ;more water 

could be forced to that side and the splashing relieved. 

The dlrection of ~the vane :was therefore ,changed ~so ~that 

it extended from the middle of the bottor:~ c£ :the pipe at 

the upper end to 5 ft. to the right,of the middle at ~the 

lower end. This change ho~ever Increased the splashing, 

reducing the discharge at which splaahingLhegan from 

162,000 sec. ft. to 155,000 sec. ft. and the discharge 

for severe splashing fran 190,000 see. ft. to 190,000 

sec. ft. The vane was then moved so that the lower end 

was 5 ft. to the left of the center of the bottom. In 
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this position the splashing from the lower window began 
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at about the same di~scharge as width the vane :in i the 

center, but no severe spla~h!ing ~oc cuffed fo:r 'discharges 

up to 200,000 sec. ft. 

The explanatlon of this unexpected,actlon :seems ,to 

be that thewater approached the verti~cal,l,bem d .with~:a .~ 

greater depth on the right side. 'In" passing around the 

.o 
verti cal bend it was acted uponby a centripetal f~Jce, 

and since the mass of ~water On the :right Slde~was ~greater 

than on the left, the "force was greater ,on the L~ight 

side. This greater force ~caused a greater pressure in 

the wa~er at the bottom of the right side 'than a~t ~t~ 

bottom of the left side :and the water mo~ed ':from the 

position of greatest pressure ~toward~,that of ~less pre- 

ssure;that is, from the right side to the lef,t :side. 

The greater mass at the ~beglnnlng of :the:bend was on 

the right side and in pasai~ng~:around, the ,bend~m~ed 

across the bottom toward ,the left ~slde, up tk,e )le~t 
J: 

side and across the top of the ~bend toward the :right,, 

having moved with a spiral clock~ise ~mot:ion ~wh!ch 

made it cross the face of the wird~ow, ~.'~hlch is :in the 

upper side of the bend., :in a direction ~incllned towa1~ 

the right. The vane with its end :toward the "_,eft reduced 

this motion because it forced more ~'~ater in the inclined 

tunnel toward the le ft side of the pipe and thus made the 

centr~,pctal force on the two sides ~of the pipe more 
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nearly equal. ~oving the vane toward .~the righ~t s~Ide 

at the lower end increased Che mass on,tile rlght,side, 

making the tv¢o sides more unequal, ~and ~therefore~increas- 

ing the cross motion which'caused the splashlng. 

Bell ~.~outh ,'Portals 

To improve the condltions at ithe entrance .~to ~the 

transition, a bell mouth was placed:on the • p~,t~l.Thls 

was built in two stages, the first:shapebeing as Shc~n 

in Figure . This somewhat improved the~entrance" 

conditions, but was not large enough ,and:a ~larger ores 

was built as shown in Figure ~. Since the tunnel '~porta~¢l 

as originally built was practically~opDosite ~the,end~:c~ 

the ogee crest, these bell mouths extended ~beyond~th~ 

end c~ the crest and it was r~ cessary-t~o,leave a ~space 

on the crest side c~ them through which ~i~the~f:low from 

the end of the crest could pass. This,v~oul~d~not~be a 

practi cal form of constructlon .:for the ~prototype, i:but 

the set up served to indicate wha.t•reS~ts mlghtibe 

secured with a bell mouth entrance sa~d ~i~ it ~was :'instal- 

led in the prototype the necessary adjustments coulcl be 

~de. The/larger bell mouth improved ~entraooe conditions 

considerably and it was used throughout the remainder of 

the tests, 

Cylindri cally_ Faced Baffles 

In crder to break up the wave wl~ich piled up on the 

5~ ......... 

side wall of the spillway, and to more equally di:~tribute 
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the flo~rlng water in ,the" cross ,sectiOn <of ~the channe:l, 

various combinations of baf.fles wlt:h,cylindrical faces were 

investigated. The flrst set up of ,these baffles is .ahown 

in Figure "~,,~. 

I 

J ,i 
It consisted (:f ,sections of i:baf~fle,lO ~ft. I/ i 

long with lO ft. spaces between, set :on ~the ~:center ~l~Ine i 

of the channel. The cylindrical face of ~the !baffle ha, d '- 

a radius c~ 6 ft., giving :I,t ~a ~height of~i~12 'ft. and ;the 

baffle had an over-all height of i~14 :ft. ,~? ',These ~baff1~.s 

.improved the flow in the channel :and. tunne;1 somewhat, ;but 

not as much as the baffle on the rear wall .... The splashing ,~ ~ 

began at the lower window in the vertical ~bend with a :i~ 

discharge of 130.,000 ~sec~. ft. The condi,tlons of flow 

are shown on Figures~-and ~. The baffles considerably iii ll 

obstructed the flow in the channel however., ,and ~submerged !I 

the weir at the upper end to,sufficlent ~extent to~:obstruct iI ~ 

the flow over it and require :a higher :headwater :level than !' 

contemPlated in the design to produce the 200,,000 sec. :ft,. ! I 

discharge. 

The baffles l°cated °n the center iine °f the ehann~lt' i# 

with their faces parallel to it, were not exactly at right 

angles to the direction of flow, and,a considerable portion I ! 

of the water was deflected downstream and impinged on ~.the 

next baffle below, as shown in Figure 6~, To remedy this i 
I 

condition the baff].es were placed with their faces inclined i. ,~- 

upstream 15 ° with the center line of the channel, the row i 



of baffles st11~l extending down ;~the chan~el ,cen,ter i,line 
,,~" 

as shown in Figure T~b. ~.,Th~ ~ ~,f~,low .cond~i,tlons .with ,t~His 

set up were .a slight ~iimprovement .O'~ler ~those With ,~h-e " 

previous one, both .'.in the channel-and ;,in .Zhe ~tunnel~, ~but 

the baffles still.so obstruct.ed ~the flow iln ~the ,channel 

I 

i . o ~ 

! 

'r 

I 

that a water level above El. 1232 was necessary ~in ~he 
/~. • 

forebay to produce a ,discharge of_~20 0, .;sec.: .f.t. /2he 

location of the baf fies .was then change~"from ,the ~enter 

line to a line half way bet~veen the center line and ~he II 
I' botto~ of the crest, ,the :individual .baffles being inclined 

15o with the cen.ter l:ine ~of the .channel,as before,.-~Thi,.s 

set up was slightly be.tter than the preced~ing ,one, ibut-the i 

obstruction caused by ,the ,.baffles was still ~too great.. .As I 
I 

the tu:~o upstream baffles seemed to obstr~)ct the ~Low with- I 
I 

out improving condit ions, "they were removed, .bu:t the result~ ~%~iil- 

was not a material improventen~t. " 

The cylindrically faced baffles .were next placed in' a t, 

continuous line down the ,channel, ~beginning :6~ .f t...to ~th~ .. i 

right of the center line at Station .:l'÷.00 .and 1.5' f.t. to th~ ,~. 

left of the center llne at Station 3~50.. The.submergence :., 

effect was not as great as for the preceding test, ~but .,was I 

still too great, and severe .thumping ~occurred at.~ ~.the,~ do,m~ iI 

strenm end of the pipe. 

In order to reduce the submergencejsmaller sized 

baffles were tested. These had a cylinder radius of 4.~ ft. 

They extended in a llne and an ove1~-.all height of ll ft. 

47 
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from 8~ ft. to the right Qf the center llne ~at Sta~lon 

0÷85 to 20 ft. ~to the righ:t c~ the center llne ~at ' Stat lon 

3@75. (Figuz.e ). ~Tith this baffle ths subnlergence :did 

not obstruct the flow over the crest, i~e results of :this 

set 'up seemed to be somewhat of :an improvement o~er the 
° 

previous ones and the baffle was extended downstream to 

Station 4÷50° The extension, however, re,suited in bad 

splashing at the vertical bend. • The splashing began at 

1~2,000 sec. ft., and was severe at 150,000 ~see. ft,. The 

shocks at the lower end of the tunnel were not "large 'and 

occurred on an average, once in 5 se'eonds. 

The ~,~ontinuous baffle of the previous run was made ~:~~ 

up of block~ I0 ft. long. A test was ms~e~,wlth every 

othez- block removed. This set up was similar to the 

first ones run with the cylindrically faced baffles but 

the baffles in this case ~Tere smaller.~ The oonditlons 

of flow in the channel were fairly good ~and excessive 

submergence at the upper end did not oecu,r. The splash- 

ing from tP~e lower window began at l~000 sec. ft. and 

# r. 

became severe at 178,000 sec. ft. The c onditlons at the. 

end of the tunnel were ~ery desirable, shocks occurring t ' . . ~ . .  

at average intervals of 40 seconds. : 

Cylindrically faced b~.~ffles were also placed as 
6o 

shown in Figure ~r~, The water flowlng ~er the crest, 

Upon striking the face of these baffles was deflected 
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Figure 63. Cylin- 
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downstream, thus tending to :increase the veloclt, y In~ ~i ~, 

the chs2mel and reduce ~he cross section re cessary and 

consequently t~e cost of the spillway. At small dis- 

charges the actlon of• the baffle in deflecting the flow 

fram the crest downstream conld ~be observed. This ac- 

tion probably continued for higher flows also, but the 

obstruction aC£ered by the :baffles offset the advantage 

galned and at the 200,000 sec. ft. discharge !(Figure ~61) 

the conditions of flow were not appreciably improved ° 

over the conditions for no baffles. 

Tests were also made with the cylind~cally faced 

baffles placed as shown on Figure 62. With baffles 

in this position it was ~belleved that the water would 

be forced toward the ogee side, making the flow on 

the two sides of the channel atmar.e nearly the sar~ 

height. Figure 63 shows that at ~a iO0~,000 sec. ft. 

dlschgrge this result was accompllshed. The obstruc- 

tlon af the baffles and the e£fect of the upstream de- 

flection of the water so impeded the :flow in the chart X 

nel that at a 200,000 sec. ft. discharge (Figure 64) 

suh~ergence at the upper end of the channel became ex- 

cessive a n d  a w a t e r  l e v e l  o f  m o r e  t h a n  E l .  1 2 3 2  w a s  

required to produce a ~0,000 sec. ft. discharge. 
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Vanes on the 0see Crest 

Vanes on the cgee crest were also ~rled to. direct 

t h e  o v e r f a l l i n g  w a t e r  d o w n s t r e a m  ..and .permi l t  : t h e  u s e  :of' 
/ /  ~2,  

i 

t 

a smaller channel. 

65. The water falling over the weir was :not defle<cted 

directly downstream but :s Qmewhat out $o the side,, width 

a considerable do~mstream component, as Shown in Figure I 

66. At the larger discharges these vanes obstructed ii 

t h e  f l o w  a n d  c a u s e d  e x c e s s i v e  s u L m e r g e n c e  a , t  ~ h e  ~upper  . 

The first set ~up i~s :shown in ;Figure ; :i 
j ii i 

!i l 

end of the •crest. Thecondltlons in :%he channel for 

200,000 sec. ft. discharge are shown on Figul-e 67/. 

Conslderable vibration also resulted at the downstre~ 

end ~ the ttu~nel, the average period for severe shocks 

being 4 seconds. The upstream four vanes were removed, 

as they appeared to obstruct the flow. This slightly 

improved cor~Itions in the ~channel ~but excessi~ve sub- 

mergence was still present and t;he freq~en~cy of severe 

shocks at the tunnel exit was ;increased to a 3 Secol~i 

avelage. The dovastream four vanes were ~raised to a 

position where they would not so greatly obstruct the 

flow. This elimim ted the vibT.'ation at the und of tile 

tunnel, but produced an unstable condlt ion in the channel. 

.5-o 
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Q = 150,000 sec..ft. 
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At times the channel~,at the :lower end:was-fqIl ,,to 

El. 1225 and at others :i~,t dropped to:a ~level:120-ft. 
I 

lower. No reason for this was :apparent, 
[ 

Trough_ on Crest Side of Floor-i: ~ il:~ " 

This model .(Figure 68) was made :by r~moving :the-/l 
-: ~,~ 

false floor and building a raised section on al:l:/'~ 

• . /i / 
j " ! .  

side. For flc~s up to 100,000 sec. f-t. :the :ra'ised- 

section caused a very disturbed condition<in the :chan- 
• il # 

nel, with a stream of water rising up In:a :foudtain# 
I 1 i} 

effect along the center, line of the channel. T ~- ^^ndl- 

guts tlon for a 100,000 sec. ft..:discharge isi::sho~:m 
" K 

69. Distrubed conditions still exlsted:a't 150,000 sec. 
.a~.~j.t: , ii K. , 

ft. (Figure 70). At 200,O00/~'he conditions in .the chart-., 
,,j 

nel were reasonably g0od (Figure ~71').. The severe-shocks 
/li , 

at the end of the.: tunnel occurred at !intervals of:about 

15:.':s ec ends. .. ,~ 

A dentated sill 6 ft. high was placed at ),the~:::leift 

edge of the raised portion-of ~.the ;channel floor:, ii ,This 
• :y 

tended to hold the water to .the right side of tl~ cha:- 

nel and at low flovts caused the :t'rough ~ft the upper 

end to .be swept .out and :reduce very _turbul_ent condi-. 

tions. A~weir was also tried across the lower port:ion 

'" i of the charn:el bottom at the downstream end, but :.th s 

did not noticeably improve the flow 

Plain Sill a~x: Dentated Sill on Channel Floor 

Experiments were :0~de with a plain sill with 

I l 

i 

1 ~ :~ 
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vertical 'face 6 ft. hlgh extending~from~20 :ft. i~:to :lef~t 

of the center iline at~Station 3~00 ~to,/4 ft./ :to }left ~of 

the cente,- line at Station 0450. :Atlhigh~flows 

produced very good conditions fin ~he channe~l~and ~at [the 

end of the tunnel, :~qall shocks ~occurrlng only about 

once in 15 seconds• At low,fl~xs/however the conditions 

in the channel werelundesirable. At a dischargecof 

15,000 sec. ft. the stream was thrown ~ver,ti•cally ~into 

the air in a fountain Lformation. /At a ,somewhat i:liigher 

flow a pressure area was formed upstream f-_'om'the ~baffle 
t 

which forced the stream upward so ,that /it passed over 

.° 

the baffle without ~implngi'ng on it, ~but i~instead rose 

J" ~ d • -- high above d~e bottom an dashed agains~t the rear wall 

Views ,:of this set up :for several aonditlons :are given 

on Figures:V2, 73 and 74. 

The plain:~sill was replaced by•a dentate d s±~ll 

6 ft. high extendin~ from 23 ~ft toTle£t of ~he center 

llne at Station 3400 :to a posit:ion :14 ~ft, to :}{~ef, t of : ; 
Ix 

the center llne at station 0~50. Thl, s }improved @he i 
\xk 

conditions of flow ~in :t~e, channel ~at low~discharg4s. 
x "{,,, 

The conditions at the end Of. the p~pe h~ever were 

worse, as severe~ocks occurred a~ intervals:averag- : 

ing 1.3 seconds• 

I 
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Figure 75. Trough in .Floor /Along~Rear 
~'all. Model I(M-2) ,Scale i:I00. 

Figure 76. Trough in floor Along Rear 
;/all. Q = 200,000 sec. ft. 
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pR~,~ ~TE .TY~= i:!00 ,(~OD~,~-2)~ 

A small model • of ~the drum ~gate type of spillway 

was constructed by Rlr. '~i. ~H. ~Price :on ~a ~2:100 :scale 

to test out the possibility of ~fising a ~.trough in ~the 

floor of the channel alonglthe bottom ~f thereat ..... !! 
'~ o I! 

wall. It was expected that thisw~uld~reduce~the i! 

height of the wave along the ~raa'l wall, The channel 

of this model was approximately the same design as 

that of the },~-i model. The transltlon was slightly 

larger in proportion and of less ~abrupt ~curvature than 

the }~-l model. In order to simplify constructionllt 

! 

| 

, I 

t 

I, 

was built without gates or the iinterLnediate :piers. 

Figure 75 shows the spillway with :no Lflow~in ii!t. The 

trough on the wall side of the floor ,proved ineffective 

in reducing the height of~the wave, The stream from 

the weir seemed to i Jump off ~the ~edge of the trough an~ 

flow in an inclined direction do,~n@ard ~to L the!bottom 

of the trough, thence across the bottom~andnp the~rear 

wall, with practically as much energy as withno trough. 

The condition of flow in this model ~or a 200,000 sec. 

ft. discharge is shown in Figure 7G, 

The trougli was then m~zed to the ogee side with 

better results. The action in this case was very 

similar to that for the ~,I-i model. The conditions 

i 

i 

I- 

53 
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Figure 77. Trough on Ogee i Side. 
Q = lO0,O00 sec..ft. 
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Figure ~9. 

Figure. 80. 

6 

6 ° Raised Floor~, Q = i00, O0:Jsec.ft. 

m 

. • ~ 7" i , 
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Raised Floor. Q = 200,000 sec.ft. 
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Figure 81. Altered Transit lon. 
Q = 200,000 sec. f t. 

Figure 82. Alt ered Transl~tlon. 
Q = i00,000 sec. ft. 
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F~gure 83. Altered Transi:tion. 
Q = 150,000 ~sec. ft. 
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Figure 84. Altered Transition. 
Q = 200,000 sec. ft. 
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of flow for i00,000 and 200 , 000 ~ second Teet~are 

shown on Figures 77 and 78, re'speotive~y. ~A~oom- 

narison of Figure 7~:~.with ~Figure 69 shows ~a very :close 

• similarity for lO0,000 .seco ft. flows ~:on~the i I~I-2 an~ 

M-1 models respectively. The pictures ,of ,the ~two 

models for a 200,O00 seco :ift. ~flow are :not :canparable , 

as the flat top in the tf'ansition:of the .~vi~l~was :,not 

built in the I~'i-2 model. At :the 100,000 sec. ft. dis- 

charge this did not come Into action. 

This small model was also itested with a ~flat 

floor similar to the raised floor ~In tlie ~I.~al model. 

~he conditions for discharges of lO0,000 ands200,000 

sec. ft. are shorn on Figures 79 and :80, respectively. 

It was believed that Lconsiderable improvement 

in the flow conditions at the'~lower end of the spill- 

way could be made by altering the ~transltlon~between 

the channel and the inclined tunnel pipe. iThe :top:~ 

the transltion:was ralsed at the~upper end and made 

to incline more steeply downward. The.~resul~s ~however, 

were unsatisfactoryiat a 200,000 sec. ~ft. discharge, 

the water from the ridge against :the rear wall ira-o 

pinged on the top of the transitlon and forme*d~an 

urflesirable wave, as sho',',m in Figure 81. Th~ condi- 

tions for flo,',~s of 100,000, 150,000 and 180,000 are 

shown on Figures 82 t~ 84, respectively. 
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. FORT ~ COLLIi~S .ii : 60 ~SCAr,E 

DRUI,,,," GATE .SI DE~ CHAhrNEL DESI GN 

The charactezistics of tills design~may be ;:seen~on 

Plate XIV which shoT,s the ~first model set ~,up. fin all 

the tests the~crest and~sYde channe~l:relation re~.aine~ 

the same but several, diffellent deslgns~of{the~tunnel 

transition were tried. 

The r~odel was built on a i:60 ratio or:a scale of 

l" on the model representing.G' 'on the prototype. ~Thls 

gave four drum gate openings of 20 inches each~an~d a 

side channel trough approximately 9 inches deep at ~the 

.upper end and 19 inches at ~the lower,lend. The crest and 

side channel were constructed of wo0d~frames covered with 

galvanized iron. The transition ~to ~the tunnel was made 

by running laths, between ,collarslat various sections, and 

plas tering over • them w ith a.: mixture ~ of .quick seCting ~:ce- 

~ent, lime and sand. The circular tunnel section below 

was made of transparent ~pyralin tubing l0 inches :~in dla- 

meter, which, after making a vertical bend of 50.1degrees, 

ran into a section of:cast :iron pipe~in which',the hori- 

zontal bend of the tunnel was~accomplished. The ~top 

this. plpe was cut away as much as possible t o~obtaln,a 

view of the water flow around the bend, 

The head of water over the crest-~vasapproximately 

5 inches .at the maximum flo~'; and ,was 1.n.easured by i~eans of 

55. 

| 

! 



I . 

i 

i- 

! 

[ 

% 

a float gage in a well, connected to a !pipe that ran out in 

front of the crest about ,30. inches ups'tream ~therefrom. 

The maximum flow over'~the ~model ~was ':about ",7-1~2 :cubic 

feet per second and was ineasured over the.~wei'r~as {described 

on page 6. 

The weir was submerged ,for,.al~l ibut ,the i:!l~;es~ :flm'Is ,as 

the forebay was backed 'up over ~it, ~Aue ~to placing the .model 

crest too high iz{~ the tanks, ,TKis :introduced a :prgbab'i~l,i~ty 

of a sT,tall error :in~the :flow measurement, :for:although ~the 

h " /7 ' ~" 
w e i r  a d  b e e n . c  a l i b " r a t e  d w h e n  : s u b m e r g e d ,  . th :e  ~ r a e a s u r e . u e ~ r . t s  : . :were 

not made at exactly the range used in tthe ~olel tests,-;and ':the 
I li 

cuantitles had to be '' • • , taKen~rom extra po~at.ed ~cal'l bratl on curves 
l 

The difficulty could have been overcmne ;by lowering the:model 

crest but this meant practic'ally reconstruction,of the :model 

and it was decided not ~to:..take the t:Ime~,.for ~.the alteration. 

The main object of ~the experi~,!ents ~was ~to develop a 

design that would carry the water down ~the tunnel, wi:thout 
D 

completely filling~'.i.t, :in as smooth and stralght :line .flow 

as pos si ble. 

The principe~l experir~ental methods fo$1owed to accomplish 

this were : 

i /9 
I. By blocking off transverse f.lo~ fr ~om crest at 

the transition entrance. 

A. By blocking off the ~las$ 60 feet of the :crest 

and :placing a 60 ft. gate .on the ~center line 

of the channel at the upstream end, to ~.aln- 

tain the capacity. 
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II. 

III. 

B, 

'Test No. 13. Compare with~Test iNo,. 

;28 ;to ;show :s imilar:i:ty ~:of :acti~on to ;B. 
il 

t -" By 'moving ~ he Transstlon ~Entrance 

60 ft. downstream. . 

Test No. :~16. Compare :with~!Test No~. 

I 

f 

j 
!, 

on ;the~or iglnal 12 which was ~made 

design. 

lower end of By placing :a weir across ;the 

the channel. 

• • }. A To create a dissipation pool and over- i' ~ 

flow cres~ that would ~l:evel off ,the ,water J i 

surface 'at the :transitlon en:Zra:nce. , , 

~ i/ " 
Test;No. 24 shows the effect,of the !i i ~ 

;dlfferent heigh t weirs, i 

Tes~ No. :28. Compare ~,-Ith Test No. i ! 

16 to show the effect ::6f the weir on the 

1' chann el;~water :surfac e° 

By use aft weir and ,offset :~i.n tunnel ,ent tahoe. :~ 

A. Offset to prevent ~hi gh velocl ty ;a long ! ~ 

the crest face and fill in water surface I' ' 

depression there. 

i. 171th a 70 f,t. width weir and a 10 i 

ft. offset. ! 

Test ,38. .Compsre with Test :28 to 
\ 

show the effect of offset and weir. 

2, Jith a 40 ft. width weir and a 14 

ft. offset. 

i 
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IV. 

Tests 34 and '35,. Compare wi~,th Testi~ 

43 a~i ~4 whldh ;:have ~abou¢ ith e ~same 

water :surface e2evat'~ions. 

By "giving a flatter ,slope to 'the ~transi:tion 

floor. 

A. To dheck high velocity fal~l ~:hnd level 

,c~ f surface. 

Vo 

Tests ,.43 and ~4. Compare ;vit h Tests 

41 and 42 which were made ,on simi~lar 

transition that had a Us teeper Tlo~r 

slope. 

A~so ~tests ~34 and 35. ComPare width 

Tests ~52 land 53. ~ "- 

By placing baffles along channe~l flo~ m- 

on the crest face. 

A. By impact and reversing the flow, ~to 

dissipate the~energy ~c~ the overflow 

from the crest. 

Test 44 ~. Compare with Test ~43 wh•ieh 

was made without baffles. 

B. By creating two Lopposing rglls to 

dissipate the energy of overflow. 

Test ,5~. Compare with Test 52 which 

was made without baffles. Compare with 

Test 44 to check flow conditions in the 
channe 1. 

i. 58. 
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Figure No. 85. Figure ]'~o.. ~86. 
I~o discharge.. Q = 40,000 ,'sec. £:~,. 
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Figure No. 87. 
Q ~ 120,000 sec. ft. 

0R!GIN_r,T, DESIG~ 

. . . . .  L J t  
Fi@Ire No. 88. 
Q = 200,000 sec. ft. 
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MODEL C-4  

The layout of th e cri g~nal :Llesi-gn is Shown ,on. ~Plate 

XIV. It "~will be noted ~that ~the roof ,of 'the tr~nsi~:tl:on ,'on 

t h e  m o d e l  i s  l e f t  ~ c f f  : f o r  a , : d i s t a n c e ~ d o w n ~ s o  t h a t  ~ o b : s e r v a -  

tions of the flow could bemade. The i~action of the ~flow 

down t h e  t u n n e l . ,  a s - o b s e r ~ r e d  h e r e ,  ,whe: ther  : i t  was  :SSn~me- 

trical or not, and the ~' extent to ~wlilch ~it Til.led ;t'he .tunnel 

w a s  t h e  m a i n  c r i • t e r i o n  f o r  j u d g m e n : t  , o f  . the  ~wc~,th o f  ~ h e  .:set 

up being tested. Unfortunatel~y ~no satisfactory i~pictures .. 

could be obtained of vlews,down the ~tunnel, due to inter- 

ference of the framing cross pieces and ~the lack of ~ligh~t. 

Figures 85 to 88 inclusive, show the ~conditlons :existing 

in the channel and only indicate inca general way'what is 

happening down the tunnel. ~s a genera~l .rule~, -the more 

level the water surface :at the ~lower end of thee channel~, ~the~ 

bettc~r the flow down ~the incline and the c:~nparis0n in this ~ 

way can be made of many of the pl{otographs. :In ~the iplctures 

of l-iodel C-4 (Figures 85 ,to 88 inclusive) the piling up 

of the water against ~the righ~ side ~wa~ll wi~ll ~be ~noted, ~gi~vlng 

an unbalanced water surface which ~produces ~a ~whlrl and ~ends 

to clog the flow down the tunnel. 

It WaS thought that if a ~length of channel was ~allowed 

below the crest, the water surface ~zould have more :cheaice 

to level cfi f before going down the tunnel. This extensi on 

would also eliminate the transverse flow kick just at the 

tunnel entrance. 
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L0;;-ER 60 FT. OF CREST BLOCEED 
OFF, GATE IN i'iALL AT ~JPPER END 
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Figure ~89:. No Disoharge+ 
30 .:ft. Weir 2~cross :,Lower 
End :of, Channel. 
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Fi~utre 9 0 .  
Q = 1 2 0 , 0 0 0  s e c .  f t .  
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F i  g u t  e • 9 1 .  

Q-- 200,000 s e c ,  f t .  
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To test t1~e i.dea, *the ,last sixty ~eet of the ~crest 

were blocked off and in ~der to ~maintai~n Lthe same capacity~, 

a gate sixty feet wide was ~cut Jin [the upstream ~end~of ~the 

channel as sho~n in iFigure i89. ~Th~i~s Eaterlial~ly impro~e~ 

the flow as was anticipated. To ::~pply ~th:e ii~ea :t:o ithe ~ 

original design the tunnel !transition ~as L moved sixty feet 

further downstream from :the ~last gate as Lshown lion ~Piate /~ 

XV. 

Figtu-es 90 ~and 91 illustrate the flow In the set 

up with the end gate and ~the ~last sixty feet of the crest 

blocked off, but in :this instance there was also a 30 

ft. weir installed across the channel at the l~,er end 

(discussed later),. L T~is test may be likened ~to i Test 28,, 

i 

i 

l 

J! 
° 

i 

I: 

! 
I 

t 

i ° 

I 

in which the same heigh~t of weir ~vas used in the channel ~ 

after tlie translt ion had been m~ed sixty feet downstream. 

I,.~iO DEL C-4a 

To obtain the same ~effec!t as :blocking.off ~the ,flow 

from the last sixtY feet of the crest, the ~turm.ei ,~ransi- 

tion entrance was moved Sixty fe~t dov~nstream as shown 

on Plate XV. The photographs of the flow in the channel 

for this set UP shGved so little variation from those of 

Test 12, Page ~'~ that 'they will ~not be included ~here. 

It was hardly possible to discern a difference ;in the 

pictures and to tell vihat was actually happening to the 

flow dov1n the shaft. It is more readily seen, from 
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Figure 94. 20 Foot ;Telr. Figure 95. 50-Foot Weir.. il 

DENTATED SILL, VARIOUS HEIGH~ T;~.IR ACROSS LOT/ER END OF H CH.,'~kq~,T.. Q=200,O00 sec. ft. 
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contrasting the water 'surface cur~es (not included)~, ,that 

t h e r e  i s  a l e v e l i n g  O f f  a n d  g r e a t e r  : d e p t h  , o f  t ' h e  w a . t e r  

surface at the lower end c~ ~the channel~ ,w,hlch :consequ'ent- ' ' ~. 

ly resulted in a smoother flowdovm the transition. This . i. ;i 

greater depth cf water in the channei for ~he same quanti- 

ty of water flovrlng'-was ,only at ~he lower end and did :not 

reduce the coefficient of di scharge by creating a sub- 

? 

mergence af the crest. 

The extension of the channel below the sl0illway crest 

was considered extremely benefieial~, if not absolutely 

necessary, and was therefore incorporated in most of the 

set uos following. . -  - 

Also, as the increased depth ofT~:the ,water in the 

channel seemed advantageous, the ~idea was carried.further 

by trying weirs of various height across ,the cllannel at 

the lower end, This created a ,pool in ~;"hich some ,of the 

energy of the Spillway o~.erflow wa's di~ssipated and t:he 

weir afforded a barrier which tended to smootlh ou.t',the 

overflow from it. 

The effect of the various height weirs may be seen 

in Figures 92 to 95 inclusive, l~ithough this set up ?had 

a dentated offset in the channel floor (discussed later), 

the smoother flow, in comparison, at the tunnel ent~ance 

is caused by the use of a higher weir. Compare to Figure 

8 .  ..' 
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The increased depth~ !in the "channel~caused a sub- 

mergenee of the crest at the ~npper end that ~mWeuld ,necessi- 

tate a rise of 0~5 ft. in the~forebayilevel [to get the 

~aximum o£ 200,000 c.f.s, over the crest. 

# Although naturally the water ~surfa~e ~is ihigher over 

the 30 ft. weir than the othars at ithe~entrance, further 

down the itunnel the water~surface from ~the ihigh~ ~weir !is 

below those of the 1G.~er weirs, sho~.Ting the tende~ncy of ~the 

flow over the hi gJ~er weirs to flatten ~out ~down ~the ~incl~ine. 

MODEL C-4b 

It ~ill be noted from the iphotographs i(FiEures 95 

to 95 inclusive) that there is a depression in ~the water 

surface on the crest sideand that the bulkof~the :flu~ 

seems to be dov~n the right. This sug/~ested an offset ~;in 

the center line of ~he tunnel ~hich would project the~end 

wall from the~crest face. The projecting wall tends ~to 

check the velocity along the crest face, fill in the de- 

pression and raise the water surface at this i~point~ A 

layout with the combination of a 35 ft. weir ~located 60 ft. 

do~,-nstream from the end of the crest and a !I0 ft. project~ing 

end wall as shown on Plate X~I was built and tested. Eig, 

ures 96 to 101 inclusive illustrate flew conditions fin the 

l 

~f 

t 
i ' 

i 

channel. 
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• Note the exceptionally,szaooth ~low ?into :the 'tunnel 

aZ the :naximum:dlscharge.,as,seen in :Figure 101..:Down :the 

incline the flow was~wel~l,on the:bot,tom~leavlng,the roof 

clear, wi'th only an :occasional Splash ~upwards. This 

set up gave better .Tlow :conait:ions ::ao;vn ~•,the ,~unnel ~than 

any yet tested but ibacked •the water '.up .In :the channel 

causing a submergence .of the crest ~thatreduced,.::ts cap- 

acity. It would-require a pond 0.60 ~ft.: above ,~.the :normal 

Elevation 1232 to pass :the ~00~,000 c.T,s. :.Consequent,lz, 

in the final design, that is, the ~bes: deslgn,de~loped ~to .... I i 

date, the tunnel transifi on ,was dropped .4.~ 8 .ft. ~mkln'g 
l 

the weir az the entrance at iElevaZlon .ill40. :See:model,C-~_:~. 

The use of the lower weir., decreased the submergence :on 
° 

the crest and increased :its capaciZy .',Thich, ,however, was 

not yet quite up to the maximum required. :Thi':~s :.was i la~ter 

obtained by an altera:ion.of the crest :that :increased ,.the 

coeffl cient of discharge. 

It would seem that the,higher the weir the,.smoother 

the flow over it. It is believed that tl:e elevation c~ 

the channel floor at the upper end could:be,decreased, :~ 

even drop~.-.ed to make the floor level, :to:cut doom :the 

submergence on the crest and a higher weir used ~'l.hich 

would result in improved flow conditions. 

A slight rise in water surface especially against 

the crest face was noted. This ho',;~ever did .not decrease 

63. 
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the capaci ty of the spillway ~but ~the ~rlse ~on the ]~t 

slde tended to level a~f the surface Which ~was beneficial,. 

Comparison v~[~th 'Test ~16 may~Lbie made ~to~show ~the ~bene- 

fits obtained from the use Lofa weir ~across the ~lower ~end 

of the channel. Compare ~Figures ~lO0 ~and ~88. 

~o B 

MCDEL C'4c 

It will be noted that in tl~ 

above, see Plate k~VI, the ~weir was ralsedacross ~the .-end 

of the channel, making a length of seventy ~feet-along ~:i ts 

crest and the transition ~ narrowed Into.~the ~unnel from 

s e t  ~ .up  , j u s ~ t , ~ , d 1 . ~ , , u s s e d  • : I 

i 

! .  

this width. 

It was seen that considerable saving in the cost 

of constructioncbuld be made if theoriginal for~y~ifoot 

width of bottom could be held. In the Lset ~up ~for~l.~odel 

C-Z~c, see Plate XVII, the origina~l desig~ ~of the ~transltion, 

,, with respect to width, ~Tas slid~up 'the ~right wall to gi~e 

a weir and offset as largeas possible~ithout •backing 

the water over the crest and cutting do,t,u the~capaci~ty,. 

Photographs of the flow, some of whiLch were ~taken~hen 

a dentated baffle (discussed later) was ~inst~-,~led ~in 

J 

the channel are sho~'~ on Figures 103 ~to ~i13, ~inclusive. 

The improve~r.ent 1~ade by the use of the baffles was~very 

marked in this set up as seen by comparison of the photo- 

graphs. 
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"~The flow dov,~ .the :tunne:l wi::th :..tli: ade 

less desirable, filling ~t~ie ~:shaf.t ~ior, _. i 
..... / -  ~ . ~ . . .  

design i~(Mo~el"~;C"4g) ., :but a~oeared i.,to :be sa.ti'sfact~y. "~'12th 

. ,/... , ~:~ !" > " ~  . ~  ' . 

the den.tat.ed:~:baf~les set in along!the ~floo~.~:~con.~itions 

of flo.w<wer~e ' about .as -good as .any.we :obta~;ne~ wi:.th :any 

se"~' up,  a l t h o u g h  : they , ( •caused:a  ::higher w a t e r  s u r f a c e  ::in :.tl~e /..~ 

channel that cut :.the :coefficfent" of...~dlscherge : dov,~ ~f;rom 

3 , 6 4  . ( r e q u i r e d )  t o  3 . 5 7 .  The ~ ' t t~ra . t ion: :made  Lto:-the ~:cres~ 

later, however, would~ a]~low 

"I/, 

quan ti ty. 

Compa zi son.,.~of .these tests ,can':be :ma 

and 44, Model C-4g, ..to,check:. flow::ac.tlon 

using d l f f e r e n t ' w e l  r ! l e n g t h s .  )3From:the :t 

seems to be li:ttle...:choice:accordin~%to th 

'tb ~pass :~he ::r.equlr ed 

J 
. ~..,A.L 

.e, witth :.Te sts' i~3 

in :~th.e ~'~'deS igns ~ 

:otographs :there ' ~ .,~' 

; -:beha,vior "in .the 

down -,the . . t imn 'e l  channel, although .for.i:~odel .C-4g .the :~. 

transition .wa~ a b!.t. more/satisfactory.. 

I :i0DEL C-4  

Thi s s e t  u p  produe,.ed t h e  :bes t  f l o w  . . c o n d i t i o n s  :.of.~any. 

yet tested, tha~t is, without cutting dora% the spill;Ta.y ~;. 
[ 

capa. c i t y  by e x c e s s i v e  s u b m e r g e n c e  Of the  , c r e s t . ,  and i n c o r ,  

porates the most beneficial:features of::deslgn,:d.eveloped 

by the. investigatlons, i:,e., the -~weir)lo.cated ."dovmstream 

f rom t h e  end o f  t h e  s p i l l w a y  and :,tl:e c~':fset i n  : . the-.tunnel 

~: 65. 

• & 

",'j', / 
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entrance, as well as the flatter i:transltion l~loor para- 

bola discussed later. 
t~ 

With thebaffles in •along the:flo~ ~of the channel, 

an izprovement in the flow down the !tun~iel~was not,~d, 

especially at the lower flows. 

Compare these pictures with those~of/Test:38, iPages 

~ and ~'LS in which:tlle same :set up was use~ except ~ 

that the weir was 4.8 ft .... higher, :See Plate X-gI. There 

is seen to be a marked improvement !in flow c ondltlons 

in the channel, accordlng to the~photographs, iln the ~ 

set up with •the weir only slightly higher, but :the ap- 

parent decided difference ~'~as • not :manif ested :in igreatly . 

improved flow conditlons down the :tunnel transit ion, 

although there was some improvement noted. The use of 
~° 

the higher weir:Is in the~right direction but as previous- 
,l 

ly stated, the set up for ModelC-4b necessitated a forebay 

elevation of: about 1232.6 to pass the required ;200,000 

c.f.s. With the crest alteration made later howeYer, ilt 

was found thai the capacity would be amply carried, iif 

no baffles were used along the floor, and would ~just pass 

the required flow with them iinstalled. 

MODEL C'4d 

The set up f(r Model C-:4d is shovm on Plate XVIII 

and differs from ~vlodel C'4g, Plate XVl, only in the slope 

of the transition floor, vshich was steeper for this set 

up. The pictures of the flow in the channel for thls 
66. 
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model ;do not i'differ from ~tho:se of Tests ,43.and 4~, shGJn 

in Figures 119 :to lED inclusi'~ve, :to~be=i-nc-luded=heze,. 

~:~ The flow dram the tunhel for this.:set ~upwas not as 

satisfactory as in iModel C-4g, tending to ~splash ~more and 

fill the shaft to a j greater depth. Lilt was ~indicated ~th~it 

if the jet could.be supported ~to a. greater extent., ~that 

is, if the inclinat'ion or the shaft could~be made:flatter~, 

better flow conditions down it w ouldresu~l~t. 

'%1 

J 

i 

| 

.~.~(D EL C-4f 
& 

Model C-4~, Plate~ XIX, differs fram ~C-4c~, Plate 
u 

~II, in that the floor :slope of the :trar~ition .wasmado 

flatter to check the result of ,th~ tendencies :indi~cated 

in the tests ofModels C-4g and~C-~4d --that to lessen ~the 

abruptness of drop into the~tunnel would be benefioial~, 

The result was somewhat disappointing~as very ~li;ttle 

improvement in the ,flow dG,'~n the Ltunne~l over the .~.odel, 

C-4d, set up was~apparen,t, sJr~ !the cond~itions of~ow 

were still not as .satisfactorY as those of ~,~odel C-~g, 

It would seem that the high weir does ~the work, the 

higher the better, which feature i s~the outstanding di2- 

ference betv;een ~this model and Model C-4g. 

Photographs of flow in this set up differ llt~le from 

those of tests No. 34 and 35 for ~iodel C-4o, Figures ii0 

to ll3 inclusive. Photographs of the m~xlmum flow v~ll 

be found on Figures ll0 and lll. 
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: BAFFLE S 

Nurmrous :types of :baffles ~were tr~e~d in the ~ channel 

to chec k the velocit y ~of the spi'llway .overflow ~and pre- 

vent it from piling up ~along the right wall, producing 

unbalanced flow down ~the tunnel. ~ 

Tests on some of the set ups wil,1 be ~:discussed ~brlefly 

later and only ~the two types that gave the best resul~ts 

~i ll be considered ~hare. • 

Figures fO'2~ and IZB show dentated baffle that 

gave good res~ilts. This tyl2 of baffle is merely a n 

offset ledge le~ft in the bottom excavation, with overhanging 

blocks built projecting~out from it, and is qulte feaslble 

structurally and eco nomicallz. 

In operation, the overflow jet :i s reversed back to- 

ward the spillway face, causing greater depth of flow 

alon~ that side, which itends ~o level c~f the ~;Bter sur- 

face, with consequent snoother and more~syn~metrlcal flo~ 

down into the tunnel. The dentates all~;t an infiltramtion 

of flow on the right side that has vezy little transverse 

velocity to cause piling up on the wall. 

The face oC the baffle or ledge was set diagonally 

out across the chamlel to give a deflecting surface down- 

stream, tending to cause more flo'~7 along the crest side. 

This also eliminates a tendency of the water in the channel 

to more back and forth in a regular recurrirg roll that was 

noticed when the baffle face was set on the cent~ llne. 
See Test No. 17. 68. 
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The diagonal baffle, at :the ~lower ,end of ~the ,channel,, 

draws away fr, cm ~the',welr face leaving a :barrier~cross i. 

the ~ull width of th e :cl~annel ~o~el~ wh~ch ~the fl~, (<' i s  

symm trical. : lj !,,~ 

0peration of the ~baffle :at the ~different st$:~es of 

flow can best ibe 'seen from Figures 123 to il~0 inclusl,v.e, 

and Figures 107 to ll3 iinciusive. At the "low flow of 

40,000 c.f.s, the baffles are bare'ly covered, ~butlat. 

80,000 and 120,000 c.f.s. -the \beneficial flow :results are 

o~ 
• j 

I 
I 

I 

, I 
! 

I 

beginning t o be seen. Note the leve'ling off of the ~channel 

water '§~frface and the comparativelysmooth flow. Con- 

trast Figures 127 and llT, which is the same :set up width - 

out baffles. Note in Figur e 128 the straight llne :trans- 

parent flow at the tunnel enti-anee as ,compared to the 

turbulence seen in Figure I18, 

At the maximum flow of 200,000 c:.f.s, the ~water in 

the channel bacl~ up on the crest ~o such an extent ~as to 

deflect the overflo'~'~[ng sheet of. water over the :baffles 

so that they do not operate as effectively as at the , 

lower discharges. Their beneficial action at this high 

flow, howev,~r, may be readily seen by ,contra0ting Figures 

121 and 129. 

Another type of baffle, or ,~,~.eans of breaking the 

energy of the overflow that gave very good results, is 

69. 
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pictured in Figure 131. It consi:sts :of ~a false bucke~t 

located rather. 'high up on the crest~with dentated 'open- 

Ings one-third the wid, th of ~the,block. 

The theory of operation is to.create two opposing 

rolls that break the energy :of :~,the ,,:o.verflow~. The i~horizon- 

tal bucket ~blocks turn some of the .,over, flow .out across 

the channel where it strikes'~the~back wal~l~and is~deflected 

downward meeting the upward flow .that ipassed ~thn'ough 'the 

dentates which had traveled to the ~bottom~and up the:back 

wall. 

The blocks must be set high on the ,crest in order L•to 

allow room for the reverse roll~to form~ur~er them. :.TKis 

is somewhat objectlonable'at low'flows as-the jet sprays 

off them to the channel floor. For about :half the length 

of the crest, ho~,~ever, there is ,a pool, formed .by the weir 

below, to receive the impact of the ~overflo~l sheet. The-- 

pool rapidly becomes-deeper as the flowincreases and it 

is only at exceptionally low fl~,,ts tha~t the bottom is ex- 

posed. It does not seem that ~the impact on i•the floor,, even 

if exposed, would be greater than the impact ,on the-back 

wall in the operation without the baffles. 

The following photographs may be contrasted ~to ,check 

flow conditions without and with the t~o~types of baffles 

discussed above. Flow~down the t~nnel was materially 

improved by the use of either baffle, conditions being more 

favorable with the baffle in the floor. See Figure, l lOaf'at • 
70. 
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flow wi thout :baffles. 

flo~r baffles set'~in. 

See 

It 
r~ 

~r 

~CREST ~LTh-RATION 

The spillway crest as first built gave a~:coefficlent ~of 

discharge slig/~tly less than that requiredi~:to allow a ~Ziow • 

the set up as shown in ~.,Iodel C-4g. Th'is vlas due ~to :some 

extent to the submergence on the upper ~end ~ the crest ~bu$ 

as this.submergence seer~.ed benefi~cial in smoothing out the 

flow in the channel, an ~ttempt~was made to ~increase the co- 

efficient by an alteration to the crest. ~Thls~consisted 

of slicing away the upst~'eam nose .of ithe :crest !on ~a ~45 de J 

gree slope. An increase of the ooefficien~t from i3~,60 ito 

I 

3.76 was obrained from tests on ~the L'~odel C-4g set up. 

A slight los s was indicated :,:hen ~the ,d~unl gates were ~in- 

stalled on the crest. 

~ne use of :the baffles along the channel ;bottom in 

Model C-4g cause an increased depth of~water along ithe 

crest side, cutting the coefficien~t do;vn to abouti3.67~. 

bith this coefficient the capacity is'obtained, 'however, 

as the "C" required is 3,64. 

With the dentated buckets •along the crest :face, the 

coefficient is not decreased ~,-ercepti~bly. 
i 

• • • i. 

of 200,000 c.f.s, ata head of 26.6 fe.~:~t over .the ~crest :.width 

,/ 
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If the baffles in the ~bottom are ~not ,going .to~b-e 

Used in the finaldesign, the ~Indications~are that a 

s l i g h t l y  h i g h e r  w e i r  . .could b e u s e d  a:t -the ".transil,t:iol~ 

entranae, which would a~id flow ~condltions ~own ~the in- 

cline. A t e s t  made w i t h  a - f a l s e  ~ a d ~ t . i o n  ;to-lth e :top ,:of t h e  

weir in 1~lodel C-4N, bringing it 'up to :El:. 11~4.-8, indica- 

ted a c o e f f i c i e n t  of  3 ' 7 0 : w h i c h ' i - s  ample , : to  ~ l  low ..t he m a w  

Imum discharge to pass. 

a decrease in the maximum capacity required. 

Tests up to Test 46 were made with ~the 'orlglnal 

crest, from Test 46 to Test-58.wi~th the altered crest, and 

from Test 57 on, with drum gates installed in .the "crest. 

The vhole of the above discussion treats ~of the 

main alterations -only, made during .the investigations, 

and cmnments on each of the seven trans~ion models ~tested, 

but there were numerous experiments performed ~on ,eacl] of 

these models; alterations in the form of false weirs, 

bottoms and sides and ~.varled designs of baffles tha.t 

have not as yet been touched upon. 

Some of these experiments were good and gave vital. 

leads to the development of the final design; some, 

naturally were in the wrong dlrectl on. 

Perhaps, the right back wall c ould be ,moved ~in ~at 

the upper end raising the water surface, :to :improve ~1~ow 

c o n d i t i o n s  but  not  enough so "~at  t h e  submergence  "causes 

L 
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},{OD EL, C-~: 

Figure 135 shows :a false ~floor set perpendi-cular 

to the back side. •The theory was~tha~t this would,,,ralse 

the water surface on the crest si~e as wel!l as ~:irect ~the 

overflow Jet against a normal surface on whic/~ the tendency .... !! 

to ride up it would :be ~less than ~if the :wall was•at an ~' 

obtuse angle. ~ 

The photograph of ~the ~maximum flow shows tha't t~e~re 

was little improvement In the :condi~ions. ~C'ompare with 

Figure 88. 
> 

A solid sill in place of the dentates ~was tried but 
P 

| 

the deflected jet created too ~much turmoi~l for,satisfactory I 

I p er f ol~anc e . ~ 

A plain offset in the channel floor':on the right,side 

as pictulled below, smoothed out the surface flow consider- 

ably. With a dentated sill set-along the front edge, ~condi- '~ 
.L 

tions of flow were evenbet~or. This~led to cuttlng ~the 

! 

dentates in the offset ledge itself and prc~jectlng~the ~blockos ~ 

out over the channel as seen in Figures 123~and~107 with ~ 

With the shelf on the lef~ c~ crest ?side there ~was " ' 

no improvement in the flow discernible. 
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MODEL C-4a 

A false right wall was placed fin ~the~channel, ~0n the 

center at the upper end,:and c aming tangent to the c~iginal 

wall at the lower end. TNis, of course, ~ecreased ~the 

capacity of the trough and raised the water surface which 

improved conditions of flow down the tunnel. :However, ~in 

this instance the channel was nanrowed too much and the 

submergence of the crest was great enough to choke the 

capaci t~j discharge. 

Indications were that the~channel should be made 

narrow at the upper end with,a flatter bottom slope than 

the original design, or in other words leave the ba.ck wall ~' 

where it is and flatten the floor slope. 
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