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. Danver, ‘Colorado, Tanuary 15, 1033,

MEMORANTXM TO CHIEF DESTGNING ENGINZER

B.V E- W.' mﬂe, Reso&i‘ch mgimer

Subject: Hydraulic ’.!od.el ‘Bxperiments for the Design of the- Hoover Dﬂm -

Book | 1~ Results of V:tsual Tests ‘on Preliminnry spilluy Typoa

The u.nprecedented height or the Hcover mm necoasitatod thm--
ough study of many phases of “{t=s deaign tc inaure a.bsolu tely the mw

of' the atructure. 'I'he snillways mra ona raature which deumnded eupe-

cially careful attention. | It “was’ found mceaaary to provido raria flw' '

of 400,000 aecond—reet which with the ra11 of 500 feot representafh

energy of 22,700,000 horsepowar nr about seven - tir.ss the anorgy of tho,

water passing over the falls. at Niagara. L.oreover, the velocity of the

1

FREST-WouLd - reach l*r:rram; PGT second, or hro miles a: minute, rhf.ch

coneiderably exceeds that in any similar structure 180 -rar-constructed.. :

It 1s obvious, therefare, that the. greatest poasible oara was mcu-ary»

to insure that these spillnya would act exactly as oxpuotad, 1n m-dn:r

that no damage might result.

Eistory of the Spiliway Vodel Tests -

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

the dem, permitting it to fall down the ‘face to the river bslow im-.

volved great danger to the security of the dam foundations. The




'ri'rér, but this was

'When funds for oxten—

8ive atudy of the moject hecfﬁm avaiJ__.pble, 'a'lJ_ practical farmg of.

Bpillvays were laid out and e_Stimated of thes ‘-p‘rép‘ared.; .
cluded glory holes, side channalsg with and rwithoutwgate"s -hnd_vﬂri;- '

Ous cambinations of these forms, Spilivays using an entirely sep-

arate tunnol system were also plam_md and astimated, It‘ﬁhs,'av-"‘

ident that extensive nodel taats ‘mquld.;he.--r.aeaasﬁrﬁb .-soctn-_e-an

exacting, and the 8pillwayg as Tinally -evblvad_repreaent the'-i'esuf i

of & procass of design, estimation, eXperimentation angd elimination,
¢Overing a period or more than two ywars of intensive study,

The hydraulic mogdel tosts wore bogun at tho hydraulje
laboratory of the Colorado Agricultural Colloge -at Pt. Colline,
Colorado. The Tirat mogdel wvas ol the &lory hole t¥pe on a 1:60

2
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scale designed for a capaciiy corresponning to 100 000 second-fﬁet

As a result of the speedin~ up of the Heover rnm‘Jf - G-

in the prototype.

\‘.

Project as’ an enployment rellef “easure, tt was necessary to maka

\i
a decision on the general tipe of Splllway without tbe axtensive |

il

: L b
teats on this model as at Tirst ~nntenplated. S .

The second model wag of uhe side channel type without v g .2

e

crest fates also on & 1:60 scale desicned Tor a. prototype oapac1ty

1234.5 I
and 10, OCO secowd Teet |

of 100,000 sceond- feat at clevation/'

at the top of the dmi. Refere the exnewlvents on thls nodel wWere

ao

!'}
completed, @ decision was made to- inereasc thu Splllwaj cawac1ty |

to 200,000 sccond-feet. The next was a l:bO‘model‘_of the Bide chan- ) =

nel tyns with a8 Stonuy gate at one 2nd..

Whlle cxno*imbnts on thls

modol were bein: ~onducted a large 1:20 Scﬂlu modal or thu 51de

.ehannael $vpe

N
mu_vm_?lth_QIML__Jtﬁﬂ_aa—IbG—vSéG* was hu v—BF—&—iﬁﬁﬁiﬁl;v‘ ‘

consiructed laberatory at Kont;ose, Colorado. AR o
The Stoney gate spillway did not prove satisfectory but
tests were ronducted on the rodel of it to throw edditional 1lignt Lt

on certain difliculties which had develoned on the large’drum gate

¢rest model: From the results of the t.sts on both these models a :

new 1:€0 drum gate desizn was prepared and tested at the Colorado

Agricultural College. After many chanies were made a satisfactory .
form of splliway was developed and & 1:20 scele model of this form

was built at the Montrose laboratcry for purposes of camparison.

3




.___;Models of . tl;ia ml qosign wcre coustructed on acales of 1.100

‘Exporiments were ‘then undertaken to. duvalop the rorm of { ;

spillway creat giving the groatest discharge capacity. This work

wag carriad on at the COI.Orado Agricultural College laborutory.
Fran these experiments m more arricient fom or craet waa developed B

and useful data was obtainoad for the denign of ;the creat ;-gntes. ‘

Ferms of crest suitable ror cther i‘orms of- gate and ror troa oroats

l

e

|
were also doveloped.. ' - ST " i

ds a result of these studies, the crest .of tha aide ahln- :

nol *nodel praviously devalopad was altered to ‘increase 11:8 dischlrp.

——-

A

.

’ ', l‘ A'}J' 'L;" ‘hr\ra \"’ t{ i‘ﬂ }I - ) :
-4+60 and 1:20;, éamparisons. of the rusulta of ‘theso modala indieated > 3

that submtantially sinilar resulta would bo obtaimd on tho prutotm

Tho svillway model teating mrh at the Colorado Agriculturll

et

Scllsee mm—uuﬁ?*"wai——’ﬁagﬁﬁ-xﬁ—ccﬁbﬁi’—" .nraU‘—EmI cﬁrr‘.reu mw
continuously until "Aprii, 1932, a8 ]nrga pnrt or tho t:lna ua:lng m
shifts per day. Tests on the l 60 nnd l 100 modela or tha rmnl d’-
81gn wers carried on intermittently n-um &ptmbgr. 19:53. throush
Jenuary, 1933. The plana for :the’ laboratory at .antroaa mo MM
in February, 1931, and 1t was complotcd in July - or tlnt M. . hg‘.‘l -
at this laboratory were carried on contfinmuuly from . J’uly mtil ,
closed down by freezing weather in Dacamber Iark was ruumd 1n
August, 1932, and carried on. for about vtour months, Inu].udinsvm
small models not previously menticned, a total of eleven models

were tested, many of ther with a large mmber of variationa, using

4




linear scales fram 1: lOO to 1:20 | 1nvolving discharges or 2 to 112
second-feet.‘ o e

Throunhout the entire aeries or tests, closo contact - was

: r ;
maintained wf*h]the desx@ning departnant in“order- that the plans. ?;
developed should be .sound not only fron[%he hydraulic but alsa fram

the structural and conatruction standpoint.

i o 5
i 1.

-( i "
a‘ i ( :

|t
. '
! ﬁesults of the Spfllway Model “ests
v

The "eéults o; tHe.moT;1 tes»s vere highly satisractbry;
[ :
The form dovelopcd is showm hy t ; drawincs ol the inllways on . the ;
nrizena ang Nevnda sicdes of thu Pélorado River shown]on Figures l
and 2 resnbotlvsfy PJV locas 1on of thc splllways with raspect to ,f”
I

t
the dam and otnur featurcs of the davulopment 1s shoﬁn on Figuro 3

Theso spillways amuly satis?fy the . axacuinr roqui"mwonts rcsulting

6

from the unpquCdyﬂtGd mﬂgnltude 01 She Hoover Dﬂn, at a roasonable
|

cost and with tha assurnncc of absqlvtu s&fety. 71trout theae BX-

periments, the sa*e degreo of‘sccur Yy could only have becn obtainad
ol ‘ _ l‘ | |
milllon dollara mare thf/)thoae

\ r

by the use of plans costing'sovoral

i

!
i
2dopted, and the - uav1n;s mudo p0331ﬁlo by thase tuatsbhavo ‘unqua s-

tionably Justiflcd the extensive stﬁdlos which wore carried out,

The benofit or thm testa ﬂhowavcr, mill not he conf*n;d ‘to the Hoover
Dam alone. Idoas have baan 1nvost1gctcd and pr.nciploa and data hava
baan dovelopoed which will ba or groat bonerit in ths dosign of future -
installations of many tynos. In order that information may be usad
on the future splllway problems of tho Bureau of Roclamation and

5
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othcr engineerin: arengics, tnc followinr renport of tha tus#srhﬂs' o

bccn oreparcd,

Hydraulic Labcratory of tie Zolorude 42 1cultu}al College.

By the gener ous perhlsulon of ‘the Colnrado Agxlcul ural
Gollege, the snell scale exner_meAts Tov the.design cf Hoover?nem
spillways were carried . oub in their h"dvanlic laboruuorj [Plauew
1-A) which has been gcscrlbed in detail in the EHPIHGE"IHC Fewu,

7 L

rage ALz, Vol. 70, October 2, 1913. The'runilities orrthewlabor-
atory ﬁerc adenuate fo: tésts o mddelé af ”oover in&l"a" ‘ag’ lafﬂ
as 1:60 scale. The pnrw1551on to Uy tﬁe 1ahorauor1 anL uhe heartj
cooperation of the eollnge stafT and of the start of the U. 3. Eureau
of Agricultural ﬁnginecri"g; W é“dlnﬂ"‘*j uss 54Q ;auoratqry, ﬁus
been greatly annreciated.

Fijure 4 is a ﬁratini oTvﬁhé lnbo%ﬂtory shéﬁiné‘thu'éfca-v
tion of the :odels first constructen. The'flowfwés.obtaincd frow a
reservoir of SO,CUO ibiec feak capﬂcitv lOCQth‘Jpon & hlll ‘benind
the laboratory (Plute ‘—L) The Tlow out ol thu resorv01r vgs cdnﬁ

L o

trolled by hend-oxraiced gates: Irom these:gatas tho discharge
p1ssed into @ weis box 19.%5° feat lor, 10 fest '»?i(ila, and '?“‘fegfc d‘eop;"
‘In the side of this box 13 fect upstrean from the ﬁuiﬁ was a byvnass
which wes controllecd by a novalble erost, dnd another of smallor dis-
charge controlled by a valve. Finc acdjuatments of the quantity dis-

charged through tiic model wure made by varying tiie flow tiwrough theso

bypasses., The head on the welr wes obsorved by means of 8 flodt /age




other engincoring agonecics, ‘the fellowing repart-of .theitosts has

1

been mroparcd.

Hydraul*c Labcratory oL‘t-c colo“ado Agllculturul Collegg

BY. the generouu parmlsslon of the Colnrado Agrlcultural L
College, the: sxall ucale experimeata “or the design of Hoover Dan

spilliways were carrled ‘out “in their hjdrahlic labcrauorf (Plate

i

l-A) which' has been deucrlbed in detawl in ‘the': Enrineeving Lews*‘

page eoz Vbl. 70 Ocuober 2, IQIQ. mheAfucilitiGS“of"the,labor—

\

atory were‘adeguate‘for'uastu ol mode_g of" XOOver oDlllWﬂV 8s larre

as '1:60 scale. Thﬂ prrW1531on to-uSﬂ'the'la orator; anu the hearty
: ' ""X .
COOﬁG*ﬂthﬂ of the collnge star* and. of the staff of tqc U. 5, “ureau

N i

of Agrloultura”.udhlneerlnh;"ﬂno ordlna“llj us' tze;laboratory;fhuS'§? -
been greatly nnvrecidted.

Moure 4 is aﬁﬁraﬁin; ot tue’ lnbarauorj showins tnu 1uca-.

S

tion of the rodels first‘cbnstructed., Tan £16w- was obta*ncd frmu a.
) - “ N

eborv01r ol 30, 000 cubie rent capacit" locutod apor a hlll behind

the laboratory (Plute,l*B). ﬁe Alow out of t 12 resorv01r was - con-'_i”
trolled by hand-owsrated ¢ates:= P*om thesu gates thc d;schar é

passed into-a weir box 19. feet 1on\,410 feet wide 'anuf? fect deop.;
In the side of thls box 13”¢aat uaatrea; frem tho weir vias a hynass

. e

whieh was controlled by 'a movahlu-crast, and*another-or:smnllcr'dis- o
charge egntrolled by a valvo. Finb‘adjustments of “the quantityEdisé‘
charged throuzh tho modol were made by varying-theo flow t”roueh thosa

i
bypaseecs. Tho hﬂad,un the weir wﬂs observed by mcens of a float, gaga;

f
i

i &
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FLATE |

a-THE LABQRATORY

8-THE SUPPLY RESERVOIR FOR
THE LABORATORY

C THE WEIR BOX AND MEASURING WEIR

' THE HYDRAULIC LABORATORY OF
THE COLORADO AGRICULTURAL COLLEGE




similar to thaet devcloped at”thchpfnoll.Univuréity;*'?Tho:gage'waa

*Trans., Am. Soc., C. E., p. 1154, Vol, 83,.1920.

i

locatod in a stilling-?qﬁl éonnoéfed wFﬁh€uAnéin:chadndi%by;a_pipd;
as shown in Figure -;l.‘ | . | .
“ 4 - ‘

The dlscharses Tor all of tha taats axrept “the sories to R
doterriine tho best crost ahupo 1u10 mcasurod bj mnans oi eithur a
90° V-notch weir (Plate 1-C) or a:2! Clpollatti weir, ;both of which i
had bocn'volumetriéally calibrdted. For :tho nxpuri.cnts on thc drum
gate modol, the erest: of tho Clnollctti welr ws somnwhat subnerzed..
To dotormine tiho -disch argo tor th1a condition-an LTth ive set of

volunotrlo calitration trsts YRS "lso nudo. “The locationibr'thc'

glory holc andvfifStrsidc channecl moddls:a:p7ahown on“Figurc'4.-

Aiho antrosc'Lnbbrafofy

Becduse offthb-trcmcudous_poﬁcr'of‘thc;wﬁtor to.ﬁdthandlcd‘
ry thcse spilltmys it was bullLVLd to ho nuocasarJ to ta.c ovory :
rcasonablo pracautlon to insurc that thoy would fuﬁction in thc man«
ner dosired. It wasg thorcloru docidcd to huild a modol on as largo
a scale 8s wéa-rcasonab 1y DOEnlble, in ordsr to indica e»uny dis—
cropancios botweon tho action of the - model ard -prototype which might
arisé from tho smzaller size of the modcl. A modol scale of 1:20 was
dccided upon for those tests. This roquired a discharge of 112 second-

Teot and & fall within the modol of approximitely 3C Teot. As no

r
t




N

laborutory s avuilablo whiuh prOV1dvd sat‘nractury 1~acllitms 1t
vas deeided to build onc on tru UAC»HﬂthTO Irri aulon Proauct at
ontrosc in southwosturn‘Colorudd. Ax thib po*n* a drop in the |
South Canal provided a fall or 4pnro: imutuly S0 foct and a floﬂ of
200 sceond~foot or morc tiroughout tqc 1rri&ntion souson.
Figure 5 is a drawing show1ng the layout -of - He laboratory o

constructed at this point and Platas 2-A aud H shov the appanrance

e

N

vde i

when completed. The water was taken out of thewdiuCh above»tha -
chute through two 48" circular emtes shown on Plutas 2-C and SeA. ._ r o
A check conirolled by dnxim needles (Platas S—B and C) was 1nstulled i
below the sutes to raige thc water in the ditch striciertls in tlmeu

of low flow to rermnit tha dlver31un.u“vuhe desirud qLantitv turoug

the laboratory. From tie intalvo pates the ﬂatur “as cd tr"uuwh uhﬁ

tvo burruls of the intalw £nte structure into t“u uﬂpor eﬁd or uho

woir channol. ‘This -channol vas or wood frano conutructlon 12 ;aot ‘.(°' N
wide vith valls 8 feet hiéh. hhu totul lungth of thls channul up-

strea:n from the weir was 80 ruo+ At tho uppar end viere locutgd

threo sute ot buf:tus to quiet the "xtur‘approacxins thc uuir (Pluto
':Eii 4-4i}, Thuao-bu Tlos woro built with rancls of croas slata."Tho
. spacing of tho slits was variud as a Tosult of cxpcrimunta_untilfa
vory uniform distrlbution-of uhu-vnlocitiou;ﬁns obtuinud,in tho éhﬁn-
nul approaching tho wuin, |

At the lovior ond of ths Woodon chinncl wais locatod tho
woir box and moeasuring weir (Figoweo 5)s In order that thy slovation

12}
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ol tho aoir ‘erostr might:not bc Jub*ecthto change, tno Weir hox was,‘531

&constl tod or POncroto and rosted on tha shule bodrock. Th' sido

valls and rloor wero snooth. TWQ drains ertondod tarough tha tloor,f.f

AR R

of "the weir box by ﬂeans or "hich tho wair tank;could bc drained.;_f" :

Tho weir was'a | duplicato GF “tho Fr anois weir: dith Buppressed con— Ef :J" hJ - g
Tﬁtractions wexcept . thau tho 1angth ﬁasgla feet instead or tha 10 teet ;1 1“ ¢. f:ﬁ%
which Francis: used. ,”Le crevt vas 4 aneet above the rloor and tha '?:
valls .mere offset»downstrean from: thd c;estito permit aerationﬁor ‘%

13
1

the nappe. " The: weir nlate .ms bu11 up ‘of eteel nlace and structura1“g

stéel'ahapes;(Plate;&-B). fhe’erest-was’ fnvmed or a; steel anéle with%ﬁjf”

Ay

horizontal;creatfiféﬂ‘nide. cara nas tahen to Leep uhe unstream face:*”

of the weir~smootﬁ?ihfﬁhc vicinit"‘of the crest and to keep the un—

--stream corner true angd: sharp. Very Jmooth conditionu af LlO? over o f;‘Ff

the weir were-obtaingd. (P1a+o 420 ). ~ . Tho h ad-on’ tht. woir: -.-m’ |

Ccbservod on. Iloat gagos of the Cornell type set in- concrctu pita on

W, elthor side of- thc Meir: box (Platn S—A). ”hc scales wcre huld in

motal rranes attac;ed to -tho concrate ine order that the zeros might

not be changad hystullin‘Tof “the. wood.; Tho float wells vcre connoctad

through a .short: aoction of: rubbor lp!dﬂn hose” to piezamutar openings

- \31‘
~

in'the weir box 1dlls “wich opanad 6. foot. upstranm und l 0 feet below‘,

,ai{ the weir crest,-as on- tho Francis ncir. ; o *""i L T';““:

Aftor;pan ing. ovor- tha ﬁeir tuo ﬁazor turned at rirﬁt anglaa, '

passed throush-another act of berlos (Plutc aun) 1nto -an axnanding | i A

SIS P Dyt

forebuy at the cnd: of which s locatod tho: spil‘vuv ncdel. Tho

-
"

kS ke e vy

9
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peculiar shape -of the Iilaborator:,r 'was"didtatea'lby»th'e‘“neces'éity ‘o‘i‘- g
5hav1ng the water apnroach the: model at “1ght anglea to the apillway
crest. Aftar: passing through the snillwa_r and tunne'l model ‘the

water was. discnlar&.’@d intO a rectan.smlar wooden flumn which empties L

back into: tne 1rr1gation canal - (Plate .-c)

THE GLORY HOLE 5=‘éi]:iﬂ?;‘smmlxms - MODRL0<1

The prel:l:ninary-_‘drawiﬁgé -'.cjf'*ﬁ_the‘ ,‘quv_cz;:e:bard'fwére 2'f:nen\de with
gpillvays of :the ?lor:,':hole ‘or'éhﬁft “tjpe,.i‘but :.',1.;'11‘5 ‘:wﬁs -mérely ‘a ten—
tative desizn, as it tAsg expacued to ma.l.e extonsive model experimanta
‘and base the sulection on tha results obtainad rrom thex:. . Tho d.oaign'

~of “this ‘typc of spillwvay contc.‘lplatod a diacharga oi‘ 100 000 aocond-'
foct for oach sha“t with the water vm'faco fin thn reservolr ;t El.

1234.5, half-vay up. the narapot ':all or: 2-1/2 I‘eet abova the ,top ot

the éam. In.order tomeot the co:.w.ition spciﬁad far thc Hocm
Dam Projoct, that tho dischnrge i‘ran a flood as 1arge as that 1n
1884 should bc c&rriod aafal_{ xfn tha riv'or chanml halcm' the dﬂn, |
the two: spillways. had to limi; ‘bho di.schars;o 1:0 62, uOO second-oreet
(not including power house discharge) at" El. 1229.

"The spillway desi@ed to meot thaae two requirananta vith
tho prototypo ‘dimonsions is shown on Figure 6. ‘It consistod of @
circular.crost 234  Toot ‘in. .dim-:.tor of -rogoo -Cross -seéfion "belo.w‘_;.jc!-:hh
was a norhing glory "shéped ;I‘unn}.'zl‘.: lead’in{rg to the ‘5¢-rloat diemater .'
shaft. Tho purposc of the ogeo ‘*c_:‘rosf vag 1o jroduco.a :-hi;?&l"dischargd

10
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coofficicnt,;in-ordcrito givéjul;argcfdiQChurgo,perifathqfiérost

longth, as this would cnable aishorterrcreSt;tb*bu?ubéd;ﬂrcsultihg

in & ameller, chcapcfaspiliﬁﬁy.

| ' Tha. model of tziié:.-sn'il1:uay-.ﬁﬁs-i,.ﬁa's!e 2.in. the, hyciraullc

laboratory of the: Colorado A;riculturul ”ollege at rt._rollinu,,on:*'-iu

a scale of‘l.ﬁo.or;l" =.051. The.relatlon,ofuthe;quanti ies ;n thew o

model to those !in the: protot;pe for a- l 60" scala are'"iven iﬁ ”able I.
The nodnl ofl thc ;lor' holoLfor bonvonlence was: de515 nted

-as the C-1 modsal, the.cﬁindlcatinn uOlliPu, anu tbe i1 ‘that it wa ‘ .e P

\éflrot nodel tested tncru. ”hun fn4 1ndica es the rourth Wodel uested ‘
ﬁjk$ht Hontros&. As tie testu dcscrlucd in th1~ ropor* wcru carlltd on

| with riedels of seveoral differont «calbs,,=ach of whlch had dlffercnt
discharge &nl other Icl&ulOnu to thh prototypu -5 gruat deal or con—;;[
fusion wilil be av01uuh 1; the corrusrondlng d;ncn31ows and diucnarget
of the prototype are usd rdtacr‘tnan thu actull oauntitics observed :
on tho modcl; .This will ﬂnabl, ccmpa“1u04° to bu mado butwccn tho
perforpance of 1oduls of dlfrergﬁu scﬂlos uithouu the. ncccasiuy of
reducing tho vilues on-ona to tha corrosponding valucs on the othor.;»
Morcover, it will cnablo 010 to visua‘iao and- appreciato the truc '
51gniricance or the- cffucts as’ t;ey would dppear ‘in the actudl Bpill-
way in a xay_that"thc exﬂrossions:in“torus:or"tho“actuﬂl.modol.aiza
could not do-with ouu -a great deal of compu,atlon. 'Throughout?th;s’w
report,; thoroefore, all quantities. such’as lengths, sicvations and
disciharges, will, unloss othorwise stated, te ziven in torms of tho

11




o o Y s T e

corresponding quantitles on the. prototype rather than the actual s
-quantities observed on the model.

The discharge through the model was measured on - a’ 2 root

A 5 g Bl stat i g oL

Cipolletti weir. The water was. 1ed to the spillwey through a. eerlesi
of barfles, whieh produced still water upstrean rron the etructure.y(‘.
The crest section of ‘the 'spillway was built or paraffin.- The paraf—ii‘
fin block vas first cast approximately to the -sh ape deeired and then_
cut accurat elv to dinensions by a template in the rorm of a kﬁife or
screed Whlch was revolved about en axis in the center or the spill-.
way spaft as shown on Plato-0~;.- ‘The completed crest sectlon is ;-”'
shown ‘on Plate 6-B. 4ltnough paraffin nade a: rathcr soft model

‘ easily scarred:or ulcxed ‘it was easily natched and for this type
of model is believed to have heenﬁae easy to build and satleractory
in its:operaticn as- could have been secured with any othcr naterial.f
Same cnecking occurred, but:this could he - easily remedled the only R
permanent change being touthe appearance. ‘The vertical tunnel ver-:
tical bend and: horizontal tunnel ware formed of - tranaparent pyralin,

a material similer to "elluloid, An order that t_h.e:a_ct:.on of ‘the

water within them ecould be observed;*‘Theﬁvariousxeectione;or;thq.

bend were made ofvpyfalin.sheetsilVBiinchtthick,fqumedlinfe‘hydreulic

press. The.straight sections were‘abqut*lB”inches(long,.flanged at
.the ends and with-a longitudinal-butt1Joint;with oﬁtside'atrap. "The
9G-~degree vertical bend was made up of four 223-degree Tlanged bends, .

each bend boing divided into two similar {lnnged sections on the plane
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vassing through the centexr liné«ofvthe~bénd. Theigo-degree!bendfiés'
nade in sections in:order to racilitate construction and to enable  '
experinments to be made with °2ﬂ~negree 45-degree, or Gvﬁ-dograe~

ktends also.

Results of Testa:of" Glory hole Madel

AS & rasult of the speeuing up of the Poover Dam Project
as an omployment rolief measure, it was nacessary to: mahe a - decision
on the . general typo ol spillway without -the:extensive toats at rirst

contemplated. In order not to‘dolay'wurk»on:tho~sidp»chagnel;mdduls;

oxperiments on the glory hole ‘type consistad oniy:or'vianl"obaérvgf 5

tions and photographs, -
In the desipgn or-this:forﬁ*orwapiliidyLiteuaalasaumnd%fhnt'

the wator would Ilow over the crest and toward ‘the . suillway ahatt 1n

a radial diraction, which would malm- egual doptha at-all points aqual-'“‘

ly distant fram tho axis of the shaft. ”his would produce a: umooth
condition of flow in the crest auction and down tho vortical shart.
The model showed, however, uhat thia condition:wculd‘not berohtainud
in the s»illvay. A distinet. concuntrntion ol : flcw occurred along tha
radial line from the center to tha . point at ‘tho ‘back .8ide of ‘the
spillway formed by ths ends of the two approach channula. ,Thia con;
centration took the Torm of a . ridge, across tho intalke section -as
shown on Plate G, C and D. As.n rogult, tho wator did not flow down
the sanTt cqually distributed around tho walls, but in a concentratod

La




stream that Jumped across the top. or the shurt rrom the Lanyon wall

tc the laleo side as shown on. Plate -7, and dropbcd down the shart with
& very irregular. distribution. Fo* Vory: ‘large rlows this ridge or
Jet tended to seal the top of tha shart and tauge a suction and pul—'_'
sation which was vory: unleolrab1e. T%is action pasued turough a
cycle of three sta ages ag “hown on Pldte B. In ‘tho fvrst stage, View
4, the sirean Tlowing across the t0p of thc shaft sealcd the top and
8 suection resulteq wh ch drgw tha rato“ dodn iﬂto the shaft ‘as ‘shown
by view 5; YVhen the vacuum in: thc shalt wag bro“cn by the LntranCu
of air frop above, & ais inat plling uu of tho water occurrbd owr
the top 6f the shart as: sho“n ln view ¢, Thlu-ﬁus fDllDWud bv he,l 
condition shown in viow A and a- rcpotitlon of thb cyclc.

Studics wera undertalken to ohtaxn a norc cquu1 dlstrlbution '
of flow in the inlet section or tk*‘spillwaj. Tho‘concencration of
flow was found to te due to thb fact that “the nater Qld not. cnter the
intake section in a radial d;roction. To bring the COut of tbﬁ spill-
way to g reasonablg figure, it wac ngcessarv to aet the. structule
rartially in an éxcavation in the gide of tho canyon and about half
of the water Passing over the crost 18 carried to tho crost in ‘the
8xcavated channcls A ang B, in whieh tho dlrcctzon of flow is not at
-right anglus to the ecrest hut Tollows the raths shown 'in. ngure 6.

The wator approaching: tiho erest, thcroiore, has a componont in the
direction of the erost, and did nos Tlow over it radially, but tool:
an inclined direction as shom by the atroar lings of the figure,

14
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As the water approaohed “the. center of the morning glory shaped aec- ,f;'

tion, more of it fended - to concontrate at c nnd en*ar the shart on kS
‘that side, cuusing a- disturbed condit*on of “low at that point. ,iﬁéf 
directions of theve currents ‘were deternined n; inserting coloring
matter ‘into the- wator us" uhoun onsPlaue 0.1 View A BhOWB tha direc-
tion of the stream alonr ‘the ridse of voncentration leudinp rram\the IR
cnds of the two approach chqnnals. Thls was rauial 88 ; ahown by:the
black streak represcntiﬂg tho Uath or tho colored watar since *he
flow from the two approach vhannels "h1ch were inclined in opposite'i
directions and halanced sach other. .Ati90°1toﬁthis,iine\theirlow‘”
was not radial, but was nbarly uangant to the cdgo :of - the ahart as ‘
shown on view B. It wmas the concentration or theso non—radinl Ilowa
wvhich forms the ridge. | ‘

It is believed that a more. evén distribution of the flow o
entering tho spillway shaft could have been sacured with raﬁial piors =

on the crest and on the uorning glory shupgd scction aimilnr to thoae ‘

uscd on the Davis Bridro snillwna.* It'was intended to toat thia out,

*The Hydraulic Design of the Skaft: Snillwaj for ‘the :Davis Bridgo rnm
and Hydraulic Test on Worl.:ing Noao‘s, by Fbrd Kurtz, Trans.,fa. s., -
C. E-, Pa. l Vol,. 88 lgu\)o . . :

and a saucwhat similar sot in thu‘apprdach:chaﬁn§l;fas sherm on ‘Plate

9-C worc tricd out, with somowhat.favornbloﬁrésulte..fHoyavbt,:the"
offect of the impact of tho wmtor at the bottox of the vorticel .shaft
would obviously bc so rmuch more sovore even with a porfuct distribution

15







of flow than after sliding doﬁn'the‘inclined“shgrt”fromthaiaidefchané

nel,; wttr‘thevunprecedented velocities:resulting‘from.théieoqffcot
drop at the Heover Dem it was . balievad to be safer to use: the»side
channel type, and as an tmmadiata decisaion on the work on tha slory
hole general type was nscessary:inro:derﬂpotato‘delayathsiwork,;the-

side channel type was adopted"and:the:mddél—diacOntinued,

SIDE CHANNEL . SPILLWAX’EXPERIMEHTS 'FREE - GHEBT r"“.Zl“E MODKL 0-2 ‘
The first side channel plan for - the Hoovar nem.contemplated

a plain ogee crest'without gatea.‘?The design ¢of ‘this- spillway is. ahownf
in Figure 7. ..This crest had a discharge c&pacity of: 31 2350 . aeconﬂ-raat_"
at 321, 1229 and 100,000 second~feet-at‘El.31234 S, 'the"sama aa*the
glory hole type, but:the spillway- uide channal and the tunnel had
sufficient capacity to .take care of the flaw ovur the -ereat up to thn
top of the dam, or approximately 140 000 . uecondureet.“ The modol of
this structure was also erectad 1n the uOlOTBdO Agricultural 0011053
laboratory on a 1:60 scale. The poaition of ‘the: apparatua ia shaln
on Figure 4, .The water teasuramanx:apparatuazuﬂa:theaEAma‘asvthgt

mreviously described.

The Construction orifhe modalﬁ
Thea side channel of this model was constructed of galvanized
sheet iron egupported on sheet mefal but’.reasses, It was expectedfthdf
soveral sizes of channel would be tested and the.buttreaaoaxworé;do-
signed so that various cross sections of channel could be obtained by

16
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allght chanzes of the position of the buttresses. The oRee crest

of the structure was mude of peroffin ’Plate lO-DJ ‘A sloping floor
Sirwulating the sloping mounuain gxde intorsectins the Vertlcal face :
o the spillway crest 35 feet below the top, was placed in the ap- e
proach channel to the Spillway (Plate lO—G) The transitlon from
the trupezoidal section of the side channel to the c11culur 50 foot
diareter section of the tunnel ‘was constructed of roinforoed con= -
crete, It was built inp halves, divided by a vertical plane along
the center line. Plaster of Pﬂ;ls nores for the openinr Were - cnst
around aﬂcurately spaced tmuplates, shOFﬁ on. Plate lO-A.‘ A rein—

foreing of rods was built around the core (Plﬂte lO-B) and “the tran-'

sition cast around these: using Lumnite canent.. When the cerent “had

set the core was reroved and tho “two halves were bolted to¢ether.
Three windows were east into the.top-through‘whichlthe-flow in:thei
transition could be obse?ved. These - windows could be - olosed with
toncrete plugs accurately cast to fit the sH&pe of -the. top ‘of the
transition. The seme pyralin tube which formed the model of‘fhe
vertical shaft and tunnel for the glory hole modol was - used for the
inclired and horizoutal tunrels of ‘this model. Tho slope of: the in-
clired tunno}l was 45 degreos with the ‘horizontal and the bond be -~
tween the two sections of tunncl was formed of two of the 22§-degree

cends.
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Aotion ot the 'Tee C:Pst odel c-z o

The .action of the Bpillw&j cnannel for flows ol 50; OOO,
100,000 and 150,000 second—reet‘ismspown on P1ate~1_.-;A;f1ow-of
150,000 seccnd-feet enteringlthélgunpeiﬁioffaliié shoﬁﬁ'on?Piate‘_
12-C. Tor these;flows3the_napgei§hs$ing»ovef;the osee cre§t;§1ﬁ£ges‘
under the vater in the trough a“d=caﬁ8és:thajﬁaté*'in‘thé.;foughxto
flow with a spiral rmtion. ‘the 1ioticn at the Dotton of ‘the" channel
heing i‘rom the weil 'ulae across diabonall" to the opposite side.
Under iavorable conditions this sgirul motion is ‘so pzonounced that
the centrifuszal Torce tenao to nove nre aolid watcr to the out51do |
of the spiral and?the.llrhter air'bubbles are.forced“totthuacentor,‘7
forming & core of gir in the:cénfer'or‘thé.épiral for the fdliniengfh‘
of the channel. .When the-digcha:ge‘wgs_rﬁised:sufficigntlyiaﬁove W |
that for which tho ‘:_s;bii.'_L‘wa'y mis ;:_dcsi‘gnb‘d "thé'-'depth ‘of !‘i‘loﬁ'af —:fhe. o
upper cnd of the trough is raiéad unsil ‘the: nAppe 10 longer dives -
under the water in the trough but paasos over | tho tup, as shown in
Plate 12-A. This tends to causo;a‘spiral,in the trough 1n the:qppo-

site direction from that formed when thu nappe dives undor. Further

down the trouph the water lovel is lower and the.n@ppe -8till divos

undor, with the Tesult that tho spiral ot “thc upper cnd tonds to
turn in a clociorise dircction 1ooking.dbwnstréaﬁ and1§hat'étAthe '
lower ond in & countorcloeiwise -direction. At.the 3uﬁction,of theso
two motions thoerc is an unstable conditi&n set up-and ‘tho point whore
tho nappe changes fror a countcrelociovise to a clockwise condition

ie
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moves uﬁ’nnd:donn‘th ‘ehinneal ‘over a considerabla range giving rise '

to a sort of pulaating condition of flow in’ the caunnel. “The: divieion S

point betweon the' counterclocxwiaa ang clochwise rotation is: cloarlj

s

: shown on .Plate 12-B.

3cope of Quantitative‘Expariments

Soon arter this mouel was camnleted it was decid ed to in-
cresse the cauacit/ ol each snzllwey frcn 100,000 socona—;cat to
200,000 aoccnd-f@at. "This. neoessitated a redovign of “the: spillway
an: while the office abudius to- devolop txo nost cconomic deﬂign '
for this aize wcro under W8y an oxtunsive aerios ol axveriments wcro
carried- out on this rnodol to chse ho uboorj of Hc aido chunne_‘
spillwey and to invastigatc a number of :ays ol reducing 1ta cost

The basic theory of the side channel sail_waj vas dovul-_

opod by kr. Iulian Hinds* and is baaed on’ thc aasumption thnt all

w

*Sido Chnnnul Spillvaya, Julian Hinda ”rans., Am.KSOc., Ca, E., p.:BBl
Vol. 89, 1926. o SN _ . _

tho. energy of ‘tha- natcr rulling over - the spillway croat is diaeipatad
‘@8 hoat and tho rlow dovn tho spillvay troubh is cauaod only by - tho ‘

uatar aurfaco alnpo 1n this channul itaolf.

W

" Thare were four aeriea;ofltosts,~the conditions f oach being

as followa:
I Tho sido channol with trapezoidal cross soction as dosignod,
with various dischargos. |

19




II Various discharges with sulmerged wairs«aéroasfthe“déwnstfeamr'

end of the apillway channel to change th6 con%itionsﬁorfrlow

l:“' in 1%,

III A chamnél with the sane sides as the origindl design but .with

a fiat fleoor at a'higher‘elavation,;rcrmadfbyiafralae”hoftam.,i;

CIRE Rt AE R LT
v E

IV A chennel with practically the same sidea as the original de-

sign lmt with the bottam formdd“by=avcircﬁlai nrcixahsént:td

the aides (Plates 13-A and E);,fihgfbdtfcm-of tha‘channeifbf B

this model was slightly higher than'the:original design.

Hydraulieally, the side cliennel sPillmay is a very 1nerfi-

cient device, as so much of the eneryy of the water wiiich falls:over

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

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

the side channel, a greater volocity in it wﬁuld;resultfénd'ésamaiier

and cheaper channol could;therefore}be:naed:*'Tb;d[partain»oxtant

this ecan be accomplishad'by moans ofrguidetvanea,orzdeflactofs‘which

direct the flowing water after passing over the;crdstlintb‘asdirGCtipn.

more or less paAraliul to. the canter liﬁa'ofuthe channel."Differentl

types and combinansions of deflector vanes were tried to-deternins how

much could be accamnlished in roducing tho spillway co&tvbyathis.maans.

One type with vones on-tho crost is shovm on Platos 13-C .and D.

Ono of tho uncertaintics of spillvay duaign 15;tho éllowanéa é{‘:

which rust bo made for tho air vhich is entrained in the side channcl,

duo to the turbulont conditions of flow existing thorein. Thc thoory

20
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as developdd by Hinds coneiders. only solid watar ‘but if -a quantity'
| of air is entrained 1n this water, 1ts volume ‘1s corraapondingly ‘ine-
credsed and the aize or the channal necessary %o carrj it 1s presum-
ably increas-d alao. Measurements were therefore made or the air
entrainad 11 the flow tare ugh the rodel.r »T e )

The results of: these tests wera lnrgﬁly negative frqm the

standnoin+ of ‘rroducing much- swoother condit*ons of rlow'in the s?ill~‘g

way. They are of int erest howavez frema hydraullc st&ndpoint ‘and _"‘

will be described ip. detall in ‘the later portions of “this ranort.

THE STGIEY GATE SIDE- c;mrmv _L:m' - »

When the decision was. made to bulld ror a’ uotal spillway o
capacity of 400,000 - secoro—reat 1nstead of 200 OOO aenond-reet tha
Tirst desisn worked out to accomplish this 1ncreaBe in cap&city con-
sigted of a side. channel spil¢way with crest 1ength of 700 reat dis-'
churging ‘125,000 second~;e‘t ard a; 50 foot by . Jo-foot stoney gata n+‘
the end, "with a capaoitv ol 75 000 Boconu-reeu. This dasign was in-»‘
cluded in the coniract dravinéa (drawinb ‘No. 45—D—940) Furthor atud-
1es showod ‘that a reduction in. cost could be obtained by rﬁducing the
length of the spil;ﬂﬁ" and 1nc*easing the aize of tho Stonay gate.
The - dosign shom -on Figure 8 wag dev010ned which- used a 400-foot creat
without g2tes, undor a 10.7-foot head, giving a discnarge offﬁ0,000 |
8ccond-feot and . a Stoney zate 60‘fect_wida,and"80 reétwhigh-with a.
discharge cApacity ol 150,060 8ocond-foot. The top of the Stoney gato
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, u .
when closed vas’at the. sane’ elavu*ion as: the crest o;_the weir,fand,

undexr certain conditions water: naased over .the ‘top- or the ~ate.'

_Stoney: Gate Iodel 0-5

A model of tke Stpney: te- spillway ahown on Figure B was
built on & scale of 1:60 or’l inch =5 feet at’the- Coloradc Agx'icul-"
turgl laboratory. ‘Drawings'of‘thiS'modelgareggiven»onsFiguras Qfand‘r
10. 7ith this scale:ithe model of“therépilivay;;notéinéludinsithé:_"
tunnel, vas ahout 7 reetLlang'and‘lﬁffeet;high~andttne;diséhérge
through the mcdel was approxhnétely'7:2jsecbnd4foef.'xThetrelation‘
betveen the model and prototype.quanﬁitiog;isttﬁe,samo aéﬁthﬂf:fo& :
the glory hole/éudel or a1liqearxratio‘pfml;605(SaemfableﬁIl.".

The - trough of the'mddaivwasqconst:ucfdd*offaéwodﬁqnﬁf:uﬁo =
covored vith Zalvanized iron-a8ashoan.on{rlatefl4.  The Oéoéﬁcreét”
and the warped aeétion~belov the'gatesvwefgaof'wood.-QArter:aéﬁd@E :
bling the_portﬁons of tho_modélﬂthcSsurr§¢95~repreéeqtiﬁééxhsyéan‘
erete ﬁcre painted‘with_gray:Ducolanditﬁegrémaihdefgtédﬁénﬁmél,;to
contrast ‘in the:photographs. Thettopoérgphjrﬁftthe¥canyon;sidééin

the vieinity of the apillﬂayzﬁaa"of'a‘1nmellﬁr~ﬁood”donétruction

7ith boards of a thickness correaponding toi4 feet on tho prototypa, E

which werc cut along the contour lines. ;Thcftranaition franzthe
trapazoidal side channel to the circular»inciined:tunnol:was con~
structed of wood staves held in place by collars at intervals as
shown on Plate l4-B. The-atévea wore smoothed dovm and painted on
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TABLE I

"Relation of Qnanttties in Modal and: Prot

}‘mtio Of P)‘Ototj'pa to: }odcl

:In Terms: S o
Quantities: of W* ::For Il = EO'FD“ N‘=-GO.F01~HF? 64:rbrrN =F1003FbrkN"-!10(‘

LIS

Length i N 20 - G 6o s a0 : 106
Aroa .§ ; 400: B, soo:‘ ©4,008: 10,0000 11,25
Volune 3 s;ooo?g' 216 oooz haeE,144§_Jl;ooo,6¢6§-§1;191;61; 
Veloeity ; G aaammr TP R “_\iov: ff 102k

Discharge ¢ N°*5  :l,vec.e ¢ 27, 885: . 32;768: . 100,000: 115, 68:

.
[ .
sl

Time s W00 44721 7 74&: ﬂ 8 : *-,:10" 1o 200

Enorgy ¢ : 160, ooo 12,9c0; ono lu 777, 216.100 ,000, ooo 126,24? 691_“"

Impulse : NS5 35,7771 1,673, 136 2 097 1;2 10 ooo ooo 12 zea 23‘1'

* N = Katio of linoal diranaions of :tha; protctype to thOBB ol the model.

The model ratio is usually expressed in: termas.cf. l N., 




the inside and the outside coated with:a.‘thick'l.aye’r ‘of paraffin ‘to

rrevent swelling. The mode'i-w_ith':.the ﬁd:jacent 'topqgraphyf_i'a: shqwﬂ
on Plate 15-A. | o L R
:The "flow t‘zrou;_-,h the:modéil‘wﬁss"zmeasﬁred:i'on.’ithaca-‘-rfo‘ot i o
Cipolletti weir praviously deks'cribe'd.‘ The - mter surrace dn: the ch{an— O :
nel was observed by means: 01‘ ‘a point gage oxtending down f:rom lml
varaliel bers abovs- the channel as shown)on Plate 15—-B. A hrge
number of piezcmeters was installed. in/ the‘ vicinity of the gate ‘:
transition to observe the pressure. there. The location or the ple-,

zanoter oponings is: shom ‘on Figuras 9. and 10 ‘and ! the glaaa tubo

gaces with which the pressures: wore obse*ved as. shown on: Plato 15-(:.

“Qutline or Tests

A larga number: of tests. were made on the: Stoney aate modol
to deternine .uhether Teasonably smooth: ﬂow conditiona cculd be ob-
tained in it, and whether it would. h.uve ‘the disch&rge capac:lty fo:r o
which it waas deaig;m:nil.l 4 number "of changea were made in; tho model
to improve the flow cond:lt ions, the reau].ta oi' which were ‘also: ro- |
corded. The following is & hrief. cmtline of . the obaervations !]:u.ch .
were made in theose tests: |
A. The Orisinalbesigz. 7

l. Flow for probabla' conditions of opefa’tion;

2. Tlow over spiliway crest only.

3. TFlow throusgh gate only.




ACOMPLETED NMEGDEL N1T s TOPOORAMSY

B- CBSERVit, ALTER v Res

s LA P PR N

e ADDEL LA




B g ey o e

B. Alternatives‘in theibririnal Deaign. o

1. Effect of deitated .bafflea on- cnannel rloor. _. .

2. Tlow: cond1u1ons WiuQ various t;peﬂ of Stonej te piara.‘ -

3. Effect of alter atLOﬁs in: pnte approachibhanrel. |

4. Resuli of lengtqening the transition uauWeen the rec»angular'
gate sectlon anc ‘the »rapezoidal section of the channel.

9. Effget of guide walla at - ends or Ogee crost. .

G. Flow conditlons "ith raised floor:(togobtninfdata}rdrldrum -
eate design). N

C. Deterninition of Discharge CeefTicients.

1. Deternination of crest dlschargo coefflcient..

2, Deterninatlon ol Stoney zate d*scharge coafriclont.

3. Investigation . of offect or Stoqe" gﬂte;draw down»on:dis;‘
charge ovc* wutr crost. 7 | _
In.tho‘followingéparagraphs.thc'acfibn‘br tho'spiilwajfand

chunges mwdo to try to improve it will ba dcscribed. The rosults of
the quantitative hydraul*c exporimgnts 7111 bo dlsrussed in a lator

portion of this roport.

Flov undor Wormel Cperatins Conditions ST

In the spill:my shown oanigure:8 the~top of ‘the Stonsy
gate, ﬁhen closed, is at tho same ‘clevation as the top 6f thgrogcé
crustf’ Under normal operating conditions, if the matei,rOsetin'tho
roscrvoir, it would flow over both tihe ogee crest and ‘the top of the
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gato.until the diacharge corresponded to epproximataly 60,000-aecond:.
foot, being tho flow which would pass when the resarvoir roached ‘the

maximum flow linc or Xlevation 1232. . If the re'aa.{-vc:n‘ir tended to rise
further, the Stoney gite would be opengld enoug_h -jzo prevent the reser-
voir risinz above elevation 1232, ']!'m'.'flows buetween 60,000 and‘.sligat-r
ly over 80,000 seconi-feet the pAte would :not open:‘mfrici.ently £0

bring its top above the water lovel in the reaomir and.’ thm would

be a discharge over as well as uuder the -__gato. !br grontor diaclnrw

the top of the gate would be above the reaervoirtuam "level‘lnd‘-'_nll‘

the flow would pess bensath 1t. o
The conditions of Tlow. :Ln the modol ror ench nmltipla 01' |
20,000 secord-test’ discharge ara ahown ow“lntos 16 s'ho 20 moluain.
With the lomer dischargos most of the Tlow entmd tlm ap:i..llmy over
tho ogw ecrast and the condition in the chaml wag. ai.mim 'to thAt
in tha rroe crost sido channol typa provioualy ‘describod. “In tlo
bottam of tho channol it pilsd up en tho aide - opposite the creat to.
a higher olovation than on tho aMa adjacunt %0 tho crost. ‘At ahout
60,000 sacond-foet discuargo, thorc_ma a: di.atinot mtionnry Iave
against tho back aide of thc ch&nne.; juat ba].ow the ‘gato:4s: ahown on
Plato 17. 4s thc flmt was 1ncroaaod this wavo boc-no hidmr and |
moved somnwhat dowmstroea, 'l'he ‘Tlow in tho. chaznol was vory turhn-
‘lent and much highor on tho baci sido of tho chemnol. '4s tho é1g- -

chargu approachod tho dosign capacity the flow conditions beoame
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somewhat ambother, due no-doubt»tézthe;greafer'rlOW’beneath4theﬁgpte
and the relatively: smaller importance of ‘the flow over the erest, “the
worst cond‘tion baing about 120-150,000'eacond-feet diecharga. :In ‘
all cases the water had a spiral motion and the. greater depth on

the hacx aside continued through ‘the transition and into the 1nc11ned;‘
tunnel. With the rlow over the gite end crest ‘the condition- at ‘the
downstream end of the transition is shown.onuPlateygl-A.‘~With a

200,000 second-feet flow the water still had aoma:spirél,fluw=but

the longitudinal flow fram the gate gave it a greater longitudinal

component, as shown on View B. With:all the flow under the gate
(View C) there was no spiral, but ith 200,000 second-Test ovor the

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

[
e

Flow aver the CrestiOnlY‘and-through~the;catef0ﬁly B _.;.‘

Cbservationa were mado.on‘thofflOWjin'the:ghﬁnné}Awitthﬁb
gate blocked off and all tho water fhlling.o;efwtﬁelcéée crosu. QThe
discharges 'were narriod up to 200,000 SOcoﬁdéfoet‘elthcughithiawﬁus
8 much greatcr discharge than the crest ms dosigned ror and nucos—'
sitatod a highor lovcl in the rosorvoir than 7ould be pussihle at
Hoover Ism. Pictures of the conditions far various discharges-are
given on Plate 228. The conditions of Tlow ware similar to those
Tound in the freo crast side channcl (Model C-~2), having the.hish.
ridge on the rear side of tho channal. i
B Obsorvations wore &lso medo on the flow through the gafe
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oenly with the flow over the crast blocked off. -The'conditicns'fotﬁg
several discharges are shown on Plate&BS' At all ‘lows there wag

a distinet piling up of ‘the water on tbe nrest side naar the - entrance

to the tunnel, as shown on Views A ‘and C. This was of abqut?theesams_-

magnitude for flows of 30,000 second-Teet, and thersfore represented -

8 relatively greater disturbance for the-small'rloqs. ;Therelwas
also same piling up on the rear side of +the chamnel, due no ‘doubt
to the curvature of the channel, .This=was espacially noticaébie

at ﬁigh discharges, the water rose on a ridge first on the rear sidn
of the chamnnel and then Swung; across and .piled up on tha crest - aida.
For low and medium flows the wuter passed under the Stoney gate with
but little disturbance, as shown by View B. ‘Ax‘high-dischargna;1V1aw,'-
D) there was a tendency to rform a waveIOn'the‘creétsaide.just’Below

the gate, evidentiy due to the offset between ‘the .gate structure ‘wall

and the ogeo crest at this point.

Dentated Baffles‘on.Channél Floaf

v

A row of dentated bafflos.was;placed*bnltﬁo cﬁénnei-rloor

0 reduce the rotary;motion of the water bg diaaipﬁting the volocity
of the water falling over the ogec crest, and thus reducing the ‘height
of the ridge on the mide of tho Spillway.channel-opp051t§.tha crest.,
Those baffles had curved faces which .tended to throm the water, strik-
ing them nrac) toward the creat side. Two heights wefe used, the'
+ larger heipght (13 feet) is shown on Plate 24-A. For the lowsr dis-
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charges the action of these baffles was very satisfactory,'as they
reduced to a large extent the‘héight of the ridge on the rear side
of the spillway (Plates 24-3, C and D and Plate 25-A). ‘A comparison

of the action with and without sills for a discherge of 150,000  sec~

i -

ond-feet is shovm foglates 25-C and D‘.résp;ctiv'al:v. Forhisher ‘
discharges the effect of the bai‘flela-was J.oé'a, a'a‘ the:water:paﬁaing
over the creat repreaeﬁted é amaller proportion‘oi‘ithe ‘total -dis~
charge, and the deeper water in thérchannal dissipated more of .‘Ehe
energy of tihe water caming over the crest before it rwcha‘d‘fho -"_“bar-
fles. A flow of 200,000 second-fest is shown on Plate 25-B. The
barfles usaed in the modsl were constructed o'.i'.alnet'.iron-'and.ico\ud
not be duplicated in the proto_typo-without a coﬁnh.iderablo*th;ml N
which would have: orro:ad.more obsitrué_tioﬁ to the ‘flow, but-as the ::iin:

provement rasulfing from the baffles at high Tlows wos slizht, no

3y
£

furthor study wes made along-this line.

Typos of Stone;gcate'l’iurs

'In this spillway as originally desighed, the strusture gy
which the gnte was set wresonted sharp-cc.)mra'on‘both?sides ‘t0 the
flow of the wator entering tho gate (Plate 26-A). The .‘cgmr'k-onuth
hill aide did not cause mucl disturbance, &s 1t aid'not project far
out fram tﬂb side of the cliamwl leading toward the gate. '-Onithd
other side, however, & pronounced aw:lrli was set up, due m to
the water belng drawn toward the gate at & sharp angles past the end

28
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of the structure. uupnorting the tate. To correcf“this awiri”a rounded

nose wes placcd on the outer?pier'a ahonn on: Plaue °G-c but thls did

not cause apnreclatle im rovenent as the: wﬂter still flowed fron uround

’.4

the end of the gate pier. A cu*ved npproach wull wa"‘then placed above-
the outer gate pier, as shown on: Plate 27-A. "hi cat off. the flow
around thé‘e nd of ‘the: ‘pier and. proaucad smoath eﬂtrance conditions asi‘
shiotm in View R. The exact po ljion and dimensions of these w&lls
together with a dis CLssion ol *Qélr effect on the- flow through tue

gate arc dlscussed in the late“ section of the: report dealinu with

the hydraulies 01 “the! Stoney gate.‘

,Shépe ol Stoney Gate'Approach Channel

Experiments:wereuuﬁdertakenitdCdetermin§:h6W'muéh”fﬁe*cééf
of the spillway might be reducad by cu*ting down the excavation in the
aroroach chennel to the Stoney gate. -“our shapes of. approach channel
were tested. The dimensions dfﬂthes are shovn ‘in tne sectlon on
Stoney zate hydraulics; 'The“sideé‘bf the channels’were formedlbyitem4
porary sheet iron walls. és shown bnzflate 27-C. In theo r-:1.:;111&1 de—
sign there was & space of nearly - dead water along the . rlght a1de of
the apsroach channel. W7ith the chanmmel narrowed, this condltion was

removed and the flow conditicns of :the water approachinglthe gate

were not adversely affecied. It was‘foundtthaffthe.size of théﬁchan—

nzl could re reduced nearly one-third without appreciable detriment
to the action of the incoming water. 3specially good conditions were

29
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obtained by a combin&tion of narrowing the- npproach channel on the
J/

Plate 28-A. This produced very smooth Awell halanced‘entrance:con-
ditions, as showh on Views B ahd'b. The discharge coarricionta Ter

these conditions will be uiacusaad later. -

- Trangiticn fronm &ate to Channe"SactidA

The shape of the gate approach channel did not greatly ‘in-
fluence the flow in the 51de channel section, as the water upstream
from thie gpte was at greater'than the critical-depth. It pasaed'
through the criticéi dept h at the gata aection and downstream rram
that point was at less than.g;itical'dapth. In this: conﬂition it
is very difficult to change its -rdirect:l_.qvn ‘without __‘prodt_lcing.a dis-
turbance. As shown (Figure'9), thertransitionffxcm»thé;éﬁte§aectiqn
to the trapezoidal channel'sectionitakestpiacé rather~éﬂddeniy,'giv-
ing riase to'a rather rapid énlarsempntspn‘tha;reafror‘h;liisidélbr
the chnnnél, and a change of diéeétioﬁfbétwaép‘th; gatégdeétiog.and
the chennel sections. These conditions combined to cauae}a wvave to

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

on page 27. By making the transition longor aﬁd the chenge of direc- :

tion less abrupt, as shown on Plates 29-A and ‘B, the holght of the

wave below the transition was considerab’ir reduced, although it wes

still pronounced, &s shown on View C.
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-Stoney Gate Type -Abandoned

Although_aeveral chanseé 1ndicu£ed‘that‘1mpro€amaht-was‘
possible in the Stone" gate: opillway as rirst deaigned ‘no! major im-
rrovenents wera obd ained. It 1s balieved that -by: making the spilliny
channel straight and putting all the curvnture into the gate approach
channel where the flow was below the critical velocitv and thereraro |
easily rhangnd in direction nuch better flow conditions 1n the- spill- 
vay and tunnel could have been obtained. This, however, would hava
groatly increased tha cost. A decrease in the drop between tho wntdr'
surface in the reservoir and that in the channel hrought about by
raising the chaemnel floor, would have-improyed cdpditions, but'would
have decreased the head-gﬂ the gatoféndffoquireA'an?1ncreaae'1n'1ts
already unprocedented size. Moroover the goological conditions at
the site of the: Arizona spillway or. th:l.s type wea-o unfavorubla a.nd_-
as estimates showad’ th&t‘the cost of & apillﬂuy with drum gates Iaa;'

\\

Vary favorable, attampts to further: nerfec+ tbe“StOney ‘MAte modol

i

were discontinuod and rurther tests on 1t uare made only to aid in
tho dosign or the drum gate type When later axperimanta davnlapod i
a aatiafactory type of drum gate apillway, the idea of using the

. ‘

Stoney gate typce was ubandoned.

Effoct ofvchannal-ggggg

Too latter part of tho tosting of the Stomoy gite model was

carried on at the same time as thoss on tho Tirat drum gate modol at
tha Montroso labaratory. When unsatisfactory conditions dovoloped
31




in the drum jate model, experiments Werehnade on the Stoney'sate
i
mcdel to indicate how steep a flocr nighb be . satisfactorv in the drum

gate spillway. In these tests the Stoney gate was bloc ed ofr and

the modal opecrated as a fraercrest sxde$channol svlllwav. The slope

of the floor of the Stoney gate model - wau rolauively flat and the
condiuions of Tlow when it vas opcrated with flow over- the crest only
are de scribod on page  26. Experimcﬂts were made- with bottnms havinr

15, 30 and 45-foot groater slopes. +h&m the oriuinal design bv placing

in the model a false floor of wniform’ slope with its. upstream.ead at :

these distances above the .floor of the orlginal model.

Scme of the results of these experiments are shown on Plate

30. At the lower‘discharges the~flow-over'the.craStﬁswéﬁifentirely x

across the channel floor and rormad 8" h‘gh ridge on* tho rear aide

of the spillway. Am the maxinum dISCharge all the varioua slopes

produced very rough conﬁitiona in the apillway, as. shown .on’ Vlewarfu'

B ¢ and D. Tho corresponding condi‘ion for" the uriginal model is

shovn on Plate 22-D. In general the,flatter,thsaﬂlope'therbetter'
the resulting condition, since- rlntter alopes produeed less longi—.
tudinal wveloeity in the spillwcy ang *herofqro greater donths which
- provided & greator mass of wator in which tho cnorgy‘of‘thc atreum o

O

passing over thc crost could dissipatc itsoif.
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THS FINST mmams ‘SPILLAAY MODEL M-1 |
EstimafeS'of Enétafoé&sp llwn"s ‘of varioua typas ?hOWBd e
that a spillway w1+h drur gﬂtes eould be built at: a lower uost than
the Stoney gate tyme ﬂnd as 'the nodel exnerinents indlrated that a
spillvay of the oney sate +J1e would be . saneﬁha unsatlsracuory .
in its aetion, & imodel of ‘a drun- gate type of splllway was construct- g
ed on a 1:20 scale at thc ‘owt“ose lanordtulf.

The,methou of constructlon-of this modél isﬁshoﬁn on‘Figurer_
11. In order to prevent possible. settle:ent of the nodel it‘was ,~‘.
Supported on piles driven into firm eerth or tonsnale bedrock. A
sloging floor was fir stcgonstrunteu at the level of the 51de chﬁﬁnel ;
bottom as shown on Plate ol—A. This floor carrled the buttreases
supparting tie rear wall oraﬁhe“splllwa" channel'(Plﬁté‘SlJB) angd .
cne end of tfe ribs of the.downstreﬁn aﬂe of the obee creat (Plata
31-C). The other end of tnese rlbs and thé unstream rage or the ogee 1:
crest were supported by a Traming restlng directly on- the plllng. -
The piers were constructed of solid blocks:of:wood.accuratcly:shaped.‘
The gates were no" built teo Tonrescnt the entn'e drwn gﬂte ‘but only

the upper face, and were raiged and lowcrud ny neans of:adgustable
screw supports inside the ogoo érest, as shown onﬂFigurcyii,'.This‘
permitted a ruch simpler éonstruction'théﬁ'WOuld?bc'rbquirod»by én‘
oxact duplicetion of the .drum gatc, :ana . fraa“tha standpoint of: hy~
draulic action procduced thc SAme res ult. The conplcted ogee ‘and
¢hannel are shown on Plates 51-D and 34-A. |
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The model of',th'e mo‘untain'-a‘i.de An the 'vicin'ityvo'f ‘the spill-

way was constructed to form: the bullrhead acroes the end of the i‘orebuy ,
section of the: laborator_r.i‘lmne. It waa supported bj a sloping floor
resting on buttressges carr:.ed in tvrn by the Tloor of “the forebay.
In effect, this model. topography aupport I‘orrned a rramed ‘timber - dam
across the end of the forebay,. Templates cat to represent ‘the topog-
ranhy of tne mountain-side were - placed on the sloping i‘loor; ‘ag’; shown
on Plate 32-A,. and the space ‘hetween-the .templates ‘Was filled-with' |
rammed clay (Plate 32-}3).. "he clay vas. coveredwnq a l::.:,rer“or tar
to prevent the alkali which 1:‘19 clay contained from- injuring tho
mortar cover. This was then cowred with . z-inch layer or donao
mortar reinforced with- chic‘.:en-wire, tho thiclmess or the mortar being
gaged by means of nails projecting 2 inches &bmro the wooden tamplatoe :
(Plate 32~C). .A water: seal atrip ‘of* sheet ircn wag provided to jﬂin
the mortar coat to tho rloor and a:l.des of the i‘orebay and to the opo
crost. A space fillad wj.th tar wasg provided "rhero tha morter joined
the sides of the ltlnbay and the: ‘ogec creat to parmit tho model topos- |
. Taphy to sottloc independently - of ‘tham 'vithout danger or cracl:ing tho
mortar, This modol ‘r,opog:l'aph./ p“cnrod to .be very aatisractory and with
. minor changes ma usod alsc Tor models M=3. end M5,

Tho modsl of- the ;tranaition,rrtm ‘tho ‘trepazoi‘dol modol ‘sec0-
tion to the circular: tuﬁ.nol acction s mado by i‘orn.ins Bplinod red-
wood staves. on the inside of accurately cut woodon collars, in a
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ranner snnilar to the traneition of the Stoney gate model previoualy
described. “In-order to prevent dietortiun from the rorcee arieing
from the bending o* the atavee these - collars had Yo be heavy and
Securely held in eoslt*on by-an ou*side boxing, reinrorced with 1ron
rods. Thig" traneitien vBs supnor+ed on piles driven to sha‘e. :
The contrac»ing circular section of the inclined tunnel:
was formed by uasing wedge-snaped stevcs in a wood—stdve pine. .;he
Pipe vas cearried in: a cradlo supported at ifs upner -and - on the pilee
carrying the lower end 0¢ the tranaition aection, and at the other
by the conerete block formins the : model of thc vertical bend in the
tumnel ' (Plato 33-4), The concrete block wﬂs connected to ‘the wood-.f
stave pipe above and below it by means of a stoe; sleeve. WO win-' B
dows fitted with removable concrete pluge were caet *nto the top of d
this bonad in order that the acrion of the water in it might bo - observud.
Because of the topogrenﬁj at the 1aboretcry site, +he model
of the tunnel was built in a deep trench. The horizontal uunnel and |
horizontal bend was forned or 30—1nch wood—atave pipe. The pipe _
throughout was carried in collars and braced ‘o uhe sides or the
trench to preveet displacement in ceee‘of.anfacdddent,which-might‘fill

the trench with water éhd tend to float the pipe. The horizontal‘beqd

had a radius of 41 feet (model dimension) whic¢h was much sraller than

ordinarily considered feasible in a vwood-stave pipe. Bj closely spac-

ing collars and'soaking the astaves, the staveas were, with considerable
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effort, Jécked"into place temporarily ’na'iled.:té ‘the -col‘l.ars', ‘and Ti- ‘
nally banded into a - complete and aatiaractory pipe, with the breakage
of only a few atavee. In ‘this cunatruetion all. tha stavos were car-
ried along simultaneously around ths bend 4n tha manner mam on -
Plate 33-B. For the bemefit or -anyone who may ' hava occasion to con-'_
struect o sharp curve with .mod-stave Ppipe i‘b.;mny ‘be ;_aqid, homver,.
that bettor results ‘woulz.i ‘probably ‘have been sec‘ur'od‘ AT ‘the center .'
bottom stavelhad baen carriéd entfrely around the bend and for anmb
distance beyond first, and adjacent staves o placod next throughout
this entire length, each successive s’cavu buin.g carried the ontiro
length bafore another is added. The canplotad model tunnel ‘is snm'
on Plate 33-Cs Windows were placod in the top of the pipe at Anter-
vals in order that the conditions of i‘lrm in it might ‘be obaerved. |
Bxcept for a movement of the inclinod tunnel and vortical
bond a short distance domnstream, the model of tho ontire tumnnel To-
mained the samn ru,v.-uModeis M-1, z.z'-‘-'s_'ana M-5. 1In arder to guard
egainst sliding banks resulting from the 'alignt, .‘makaga;ﬁap the
forebey and model, retaining wells were placed in the trench at the
vertical bend, and a g:-&vel-oovered“tila collecting ‘-dr.ai.n ‘Wasg 'ru'n‘
elong the botitom of the trench tc carry any J.oaknge or secpage back

to the irrigation ditch,

Tosts on the M-1 Model

Extensive experimonts worc oarried out on the M-l model.
A large variety of devices was tried to improve tho flow conditions
as




in the spillway chennel and dowm the tunnél.'}Ihssefare'describad in

detail in the Tollowing paragraphs. ;To:g#ve fhé-ddtnilg.urdthéso sot-
ups would-unduly.expand'this.raporf .Buttin-ordar'to preuéfva:; recofd"
a copy of a s\etch Df-each Betup is: filed with tho office fllB copies -
‘of this report. Quantitative: axperﬁnents weroe made on tha dnpth of |
flow in the spillway channel and on tho dischargo coofficients or the
spillway crest. The results of theso are diacuased in dctail 1n the
later sections of this roport whighudoal wlth these-phases of apillf

way dosign.

Resu.ts with Oriﬂinal ‘Design-of” kouel I-l

Tho prototypo for modol M-l is ‘shown on Figure 1z, It had
four drum gatos\aiih 100 foot long with 10-root-piers butwoen.; iho
channel bottom had widths vﬁrylng fram 26.5 to '52.4 roct ‘and BiOpcd.
rather steeply, having a fall of 104 feot in the 403-foot length to
tho beginning of the tran51tion'section., Tho roar ‘wall had a alope
of 0.375:1. The dimonsions were computed according to thc theory
developed by Hinds, as described on page 9. |

Plate 34-a shows the completed modol. ;The»éction=or%tha
model was not favoreble. Because of tho atéep s;ope;;thg valdcit}
of flou mlong tho channel was great, nnd‘the-crosa'soction'dr7tho
Tlowing water ime relatively small. The depth of fldw nas-thernrbrd
loas than in the models previously inveatigated. The average fall
of the water pessing over the crest between the reservoir level and
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the'channal-level=waa‘alsO-SEEEwhnt greater. This greater rall o

‘tended to make ‘the: water pile up- on the side or the channel opposite ‘f

the crest to a higber elBVBu101. The smaller depth of flow An tue
channel also: offered leas- reolstance to: this tendency,‘sinceathe
greater ‘the depth of water the- greater is tho tendency to: dlssipata
the energy of 'the overflowing. strean. The conbination of. greater
tall and smaller depth of flow. resulted 1n a’l hlgh wave ‘on thc back
side of the chamnel, which caused conSLderuble imyact on the end .
wall at the portal of the tunndl for. discharges of 100 OOO second—
feat and over. The action of'uhe nodel ‘is: shown on: Platea B4 and

35. Plate 34-R shows the conditlons ror a: 35 OOO-socondufoot dls-,

i

charge., This would be anprOX1rmtolj t?e eonditlons with the largest

{7
Tlood of which there .is.o record. ‘At tae. uppcr und of tho cnannal

at discharges up to lhc ,000 seoond-fect the wutor flowing over the
erest swapt the floor clear and.* pad “on’ the baek 51de or ‘the chan—'
nel a ridge resambling a wave on.aﬁ oceun: beach Just as 1t breaks,
shown on Plates. 3&—3 and C and- Plates 35-4- and B. The:condltions
Tor flows of laO ,O00 and 200,000 second-feet tho latter bslng the

capacity for which the spillway was de51gned are shown on Platea

* N
[t

35-C.and D,
‘The relativelf‘iarge'drOp Bf thé.ﬁat;¥lbafwéén7tha éeéef;

voir and the channel together with the slight ‘depth in the chennel

caused a decided spiral motion in the Tlow down the channel, which
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: R
set up considerable co:rmotion in the transition section at tha tOp of

the inclined tunnel. Savcre snlashing a‘so rasulted at: the vartical

bond at ‘the bottan.or tho inclined ?unnol. Water' bognn to. ‘splash: out

il
i

of the lower: oi‘ tho two vindows in: t.‘e bend atia discharge or .1.'!.0 000-

and sovere splashing occurred at 120 000 sacond—foet. with a dia— o
chargs of 200,000 second-foot thoro mas a vary diaturbed cundit:lon

of floy at this poin‘t ang tno splashing to"cthor wi*'h the air brought .
do7n’ by the water exorted- considcrablc prcsauro on tho rinﬂows in the
top of the bond. The! flO"T throuzh \the pipe :-Th observcd through tho
wirdows, was vory much disturbcd and near "-‘thO-‘, end f'of.?the ':-ttmnoligavro _
risec to soverc vibratiom, . . B o | |

| The cause ‘uf.this vibrafidn: dr thumping :is-“not 'ceri;i'in ‘bt o
seems to be releted to. the well—lmown mct that reaistance to: :t‘low or
water in pipes dacreases as the depth of: rlow memaaes until a dopth
of about 0495 of the diameter is. mchsd beyond which point the ro- o
3istance rapidly increases. In an” inclined pipe mtomhich Inter 15 _,
emitted '1n gradually inc;;aaing quantity, when a: depth or 0.8'? -of  the
diameter is reached, if tho water splaahes \to the 1:0p 11: auddan]qr ru.u
the whole pipe and in this condition the . pipe will. mt carry as. mut
8 dischargs as when,i‘lcwing CeB87 Tull, -Asithe- -water : rlmd down tlu
tunnel its velocity was. roduced by friction. aml the .depth: or flow :h\—
creased. Near tho downatreum ond Tor diuchnrgoa of - naar ‘200,000
sacond~foet, the dapth approached 0.87 of the. dj.mtor of: the pi.po.

Whon a surge or splash occurred the flow ‘Sdddenly jtmped‘_:to tho*m.l.




condition, instantly 1ncraasing the resiatance to rlow and causing
& hammer or ‘thunp in the pipe. Tha flow did ‘not - continue Et tha
full gepth, ‘however, But quiclly droppad down to part depth iTlow,
BThis may have . lbieen: aﬁé o air arough ‘in at the upper end - or)the ' 
tunnel Torcing itself. ocut. at tne lower end. Another possible ex—i
planation is that the sudden increase in reaistance teﬁdod to form
tenporarily a hydraulic jump, which could not maintain 1tselr be—
c3use the friction loss to t“e e’ul of the pipa was not aufriciont’
to creatO‘the,requirod'hack pressure. These changes between full’
and partially . full Tlow gavo rise ‘toa scries of thumps o blows
of varying intensity at- lrregular 1ntervals, whlﬂh:wore;folt:only o
near the downstreamtond of ‘the pipe. ‘For the- original d031gn a -
severe blow came about once evcry ten. seconda. In tho prototyPC.:

these dlsturhances would . no doubt sat up a percoptible jar in the .

rock of the eanyon wall, which would be undosirablo.

‘Raised Floor in j’~1 Model

In order to reduce the height of the .w:aira.fon the baclr.‘wail:f
of the chamnel, the floor 0T the channel was raised a: maximum of 19
Tfeet at station 3+00 and sloped rrom this point to the original bot~
tom levels at the upver end the channel .and down o the heginning
of the transition. ~he grade of thig. channel is. ahown on Figure 12.
This decreasad the Slope of the upper end -of the channel, at the anma.
time decreas1ng the height of the fall of the water over the oraat.
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The .conditions of flow in tae énan“el were inproved ‘but there was
8till considerable: splashinv at the ﬁortal of. the.tunnsl. “The ef-
fect of the raised rloor with a discmarga of '106,000 . aecond—feet may
be~seen .by a- compar*son ot Plate 35—A with Plate OaB. (In the lat—f V
ter view the spillmay was provwded with . dirferant shaped tunnel
nortal and tranaitlon ‘but tﬁese did not affect flows ‘as low as |
100,000 secoud—feet ) |

The smoo+her condition of flow is .aevident, particularly
near tha downstrean end of the channel ané in the improvanent or:‘f“
the wave formation at the upper end. The water, however, still rose R
to an undesirable ‘height. on *he rear wall, but on: account of theae
improvements, in all the succeedins tests on this model the raised '

floor vias used.

MAthough the original'dosign‘wds computédito have -a cross .

section just sufficient-f§ narry-the3200;000=secbnd4font\dischnrgp '
without causing suf‘icient'submorgéﬁce of ‘the égeo~croat;at the :
upstreoam end of the channel to reduco tho flow ovor 1t, 1t waa‘
found that the floor could be raiaed and tha rlow over tha crest

at the upper. ond 8till mnin*ninede This was: probably due to thﬂ
fact that tho water level detarﬂinad in +tho camputationﬂ is tne

mean water lcvel in the channnl cross soction, whilo the lovel-which-
controlled tho submergence offect was probably the IGVelgonfthe;sido 7
of tho chennel near the weir, which was considerably lower than the )

mean lovol.




-Cowing on'the‘BAck‘Wall 

In order to reduce the height to which the water rose "againat
the back wall a curved-faced:barfle 1n”the-f0rm-of a coping?wasfﬁiacad

alons this wall, with the top of - uhe curved face: about 20 feet &bove :

t
/

the floor. The position of this haffle'iS‘snown'on‘Plate'66—D. This

tendod to throw the wnter out toward the center of ‘the channal and re- .

duced tie heifzht of the wave against the wall. . Tt ccnsidsrably ‘im-

rroved the conditions at the cntrance"to the tunnel and reoduccd the

disturbancos “uroughout thic thnol. ‘Tho improvonent ducito this baf-
g4 o R K

fle at 100,000 second-feet . discharge may be ‘secn-by comparing Plate

_ _ _ : S SR
3C-B with Plate 40-D. In the fomuex, the height of .the wave against

the Toar wall was materially loss.

Flat Ton . Contractlcn in the T“hn51t10n

ihe oricginal desimm PO1uem“lﬂted a free - surrace 1"o*' ‘the :
water flowing in the spillwayrand"tunnel. "On:accounu of,the.turbu-;
lent conditionS'of”flow,-this surface ﬁas1very ro§ghaandfﬁrodugeaké'
Fre2t deal of éplashingland.impact. :Ii,crder;tO‘Sﬁooth.oﬁt:;hé:ﬁafer.
surface a contracﬁion was placed in_the'transitidn,sectiongas*Sh;wn"'
in Pigure 12 and on Plates I7-A and-40-A. -Thié:éonsistedrbf~avflat.
top in the transition gradual‘z contracting ,he waterway fram Zaro

i

at the upper end of the trensition to & distance 20 faeet down from
the top at the lower ead. 4 vent was huilt at the lowar end to admit”
air ebove the water in the inclined tunnel dowmstream fram *he con-

traction. For discharges over about 175,000 second-feet this formed
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an orifice- wi“h a horizontal top edge at 't:ho uppor ancl of tha 1nc11nod

tunnel and cauaed the water to start down the - tunnel with ﬂat uppor .

i

surface, thuﬂ; largely reducing the aplaahing in the pipe. lhen th:la o
contraction :/mtod 88" an oriﬁ.ce it.raised: the nurrace leve.'la in tho
g8ide channel reducing the drop. or the watar rall:lng over’ the crolt

and incroaaj ng the depth in the- ahan.nel both ol which errncta tcuhd

to improve 'Lh-a flow»conditiona. , Plata 57 ‘shows the: uonditim of . ﬂm

in the channaL with thia contraction: acting in: conjunction with ‘bhl
raisod battomiand the coping on-rthe_:back wall. .-‘Althou.ghjthg ,;_cm--
tion consid&‘:ra‘:‘hly raised the-wﬁtor ‘lovel *i.n'r-theaéhannel-‘-at Iitho ldlur '
end, it did not back- np enough - at the uppor: end to roduce ‘tho rlow

ovor the spj.llway ervst. .The: conditiona of .flow 1n tho pipo: Iaro

considerablv ix.nproved, both :in ragard to.the: apleshi:ng at: tho mti- .

cal bend and- tho thunping at the ond: of tho pipa. '.:; splunug m
the lower 'rr:l.ndow in the vortical. bond atartod n* 1:.':0,000 loem.d—fﬂ't
A.stor tho ‘improved portal: mnt:loned i:n tho - tollowing m—

agraph was l!tnatml.ed, a contraction in. tna trmitien, whl.eh mm‘-

tho oponing leaa than that previoua].y doacribod, m al-o Wf ;”_ﬁ
flat top in thia cago . oztendod 15 Leot: do'n fm tho .top- or tho m&-“ -

tion soction as canpared with' 20 Toat 'in tho m-evi.oue onu- 'm -u- i ‘

L

tions of flow in tho channol, vertical. bend, : and at .the: ﬂ u' tll. in— X '

nol woro all amowhat loas aa&irahlo than -with thn m m E

In all the following oxpcrimnts, thoraofara, tho m mﬂ.

was usod.

._k‘ .
b
Lz

L MR AR
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‘ImEéoveﬁiPortal~Sha§e _

In the original,desiﬁh5the*fuce.of‘tha portgl}waqgaf“fight
angles to the?tunnsl and thera‘waé:cons*doréble*hnpact on it. Teo. Ame
prove this entrance the porial waa altered to preseﬂt the fornm- or hell
mouth ag shown on Plate 59-A. Since the tunnel portal as. originally
built was practically opposite the end of -the ogee cra-t these bell
inoutha extended heyond the end of tho crest and it was neceasary ‘to ‘
loave a space on the crost side.of uhem ‘tirough which ‘the f‘ow fram
the end of the crest could pass. Thistwould:not*beiaapractical:rorm
of constru¢tion for the prot‘oty'pb,_;but. the . set-up fservod to indicate
what rosults might bo seecured with a bell- mou.h entrdncc and ir 1t
woro installod in tho prototype the nceossary'adjustments .eould bo
mado. The larser bell mouth improvod o;.tra‘-cc con.ditions conaidur- :
ably and it wus uuod thicu*hout +hu ranaiﬂder of the- tusts. "Th0 fl0W’
condiiions with this portal for various‘disdhargcsraro*shownvonirin‘
39. This . set-up was also tost nd ith the coping bafflu ranovad as
shown on Plate 40, but ths conuitions in tlo channel vertica’ bend,
and at the and of the tumwvl wera: a*l loss satiafnctorj and .thc coping

baffle was thurcfore roinstal_ud,

Yano in Inclined Pipe

‘ The water flowing ovor the ogoe crest inparted ‘to the water
in the side channel a spiral motion, which peraisted for a long:dis-
tance down the tunnel, and caussd at least a portion of the disturb-

ance in the flow. In order to reduce this epiral motion, and nsnce
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the diaturbance, vanes - in valious positions in thé traﬁsition and 1n—
clined tunnel were axpe“imanued uUpon, "he ;i*at vane- wns about B feet
bigh and extended dowm . the center of the flat toP contraction in the
transition. No beneficial: effoct from thia waa observed. A vane 6
feot high was then placed along the’ bottor of the. 1nclinod tunnel tram
the end of the transition to the beginning of tho vertical bend. Thia
resulted in a marlked improvament Ain: the splaahin6 at the. vertical bend.
With the flat top contraction in: the transition and the: coping on’ tha
roar Tmll this vane increasod: the discharga at which aplas;ins hagnn
at tho lower window from 130, 000 secand fedt to 163 000 aecomd feet. :
Suvore splashing ‘did no%t occur until tho diacaargn reached 1190 000

seccond-foct.

As tho .splashing out at the window always occurred on the

left sido, it was at first. thought that by inclining: tho Vane tovnrd
the right side of pine 1ore water could bo farced to +hat sido and the_
anlashing relioved. The diroction of the .vane- was therorora chcnged
so that it uxtended ‘Tron tho middle of: tho bottan or the pipu at thn
upper ond to 5 feot to tha- right of ‘the. middlc at . tho lovor end. ,This
change, howover, increased the splashinb, reducing tho dischﬂrge at
which splashing bogun from 162, 000 aecond—foot to 155 »000 -second-feet
and the discharge for sovore. splaghing from 190,000 second-feat  to
170,000 second-feet. ‘The vano wus then moved so that tha’lonér end
Ws § feet to the left of thq canter of the bottom. 1In this position
the splashing from the lower window began at sbout tho same discharge
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as with the vane in the'centar, hut.ndVBevereisplnshing,occurred‘rqr'

dischurges‘up Lo 200;000;56§ond-qut5

The explunationrof‘ﬁhis unéipected,uétion s§ens»to bé”th@t f
tae water a»proached the verticul beond with‘ﬁ_gfgutérfdeﬁth-bh1the
right side. I passing aroundtfho‘vérticéinqnd;it‘wds_actdd;upon . 
by & centripetol fores, and sinece thé mdss ol wuter3pn?t$e right.sidé
708 greater thon on fhe left,?the:fbrce»ﬁﬂs_greater'6n'tho right.aide.
This groater force caused a greater.pressuro 1n-the water at tho bot-
tor. of the right. side & ;J'aﬁ "tho -bott;aig -of :t}_w ‘ot .r__side' and the ‘
water moved frdm:the.poﬁifion‘of grbntdst presﬁufe:f;wﬂrd.that-of
lgss prcésﬁ&ci'that is, frdm*fho-righf'sidc.ﬁc thc‘loft"Sidd.:fThc'
Froater .;ss at thCubaginnins of tﬁo;hcﬁd‘WQS'Onfthc right side ‘and
in passing arouﬁd “ae bend movéd ucrOSSithE bottom tow&rd thc?laft.
side, un the loft side and aéross tho.top.of fho;bcﬁd’tonard tho
right, having moved with n-spiral:clOckwiSC'mbtion éﬁd:héross:tho
fzec of the window, which is in thoe upper sidéfof <he ‘bond, in a di-
reetion inelined tomard the right. The wune with its cnd toward the -
lcft roduced +his motion boetuse it forced more witeor in thc;#nclined
tunncl tomcrd the loft side of tho pipe und.thué mide the contrifugal
forec on the iwo sides of the pipo nore necarly cqual. Moving the vano
towrerd the right sidc at the lower ond incroased the ﬁass on tho right
side, making the two sides more uncgual, and, tharofere, increasing the .
eross motion which' ccusod the splashing.
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T™e beat conditions with ..h.o L-—l model: were obtaimd uth :
the raised floor,- eoping baffle, 20 reet flat top 1n tho tranﬂitiun,
improved portal form and vare m the pipe as previously doscri‘nad. ) _T o
The conditions of flow in the charmol ‘were ‘as ‘shown on Plata 59.

The condition of {low at’ the outlat ‘of ‘the tunnel was umihr to thnt

shown on Plate 36-B except: at the Tare 1ntorvala when nhooka oceurrod. :

_(_.zpnaricaly-]‘aced Ba.ftlos ‘
In order to broak up the ‘waveo »which piled .up on ‘the. lih

wall of the spillvay,: grxd to more equally distributu the r:.u-m; ntc

in the cross section: of the- cqannol, ,v_arious comb:l.mtiona of bnﬁ'lu_'_ S

aith cylindrical faces were . m"atigmed., m £irst ‘aet-up of ‘thase
vafflea is shown in Plate 41—.'\. 1% conaia‘.;od oi‘ ucuonn 01' Mfflll‘
10 feat long with 10-foot ‘spices. bemon, sot’ on the contcz' lino ot
tho ch&nnal. The cylindricnl faco of the Ntﬂb hlld a ndma of 6 '-
foot, givi:ng 1t a height of. 12 toet, ané ths bﬂfrle hnd an awrlll
hui.ght] of 14 fest. Thuso. vafslos rproved ‘the £low dn t..., cnaml o
and tunnel samowhat, ‘but ‘not as nmch a8’ the batﬂ.o on the: rm nn.'
The aplashing‘bo::an at tho lowar vindcm 1.n tho vcrtica. hand wi‘h a

discharge of 1.30 000 uccmd-foet. m'conditm ‘of -'rlawvmrm

on Plates 41~B, C and D. The. bafflgg Cmidﬂrﬂb]& Umtﬂd m m TR

in tho chennel, howovor, and submorgod the woir at th. mu' ond to
sufficiont extont to obstruot tao flm ovor it amd: roqum & h:shn

hoadwater level than comtomplated - 1n the design to nrom« th mo,coo
socondefoot discharsu.




PLATE 41

CYLINDRICALLY FACED DENTATED BAFFLES ON
CENTER L.INE OF CHANNEL ~DRUM GATE SP|LLWAY - MODEL M-I




The bari‘lea 1ocutad on the centor line of the channol with
their faces parallel to 11: were not axactly at: right angles to the

direction of rlow, and & congiderable portion ‘of the wter wae: derloct-—

. J'\‘,,

ed domstream and :meinged on the next bnrfle belcm, ajs shmm in Plato "'

;5

41-B. To remedy this co-w.i*ion t‘he"bafﬂss were placed ’with their
faces inclined upstream 15 degrees with the canter lim of the channel,
the row of baffles still extending dorm the channel center J.ino as.
shown in Plate 48-A. "'he I‘low conditions (Platas 42-}3 and C) with
this sot-up were ® slight improvmnent over those with ‘the m-evioua
ono, both in tho chénnel and in the tunnel 'but thec-,barflos atill 80
obstructed the flow in t‘*e channel that:a water loval above eJ.c,vation
1232 was necessar:; in the Torobay to produce & diachargo of 200 OOO
socond=-foct. "ho location or the bafi‘l.:a waa thon changad rrcm tha
center line tc a line halr'amy betweon the center line and tho bottcm
of the cerest, tho individual baffloa boing inclinod 15 degr'eos .with
the centor line of the .channci as bofore. "This .__set-up a8 .slightlaj' s

botter than the nrocoding one (Plate 42-D) but the obstruction caused

by the bafflos wes still too gro@t. As the two upstresm batfles

secmed to obstruct the flow without -bq‘tteriﬁg conditions, they wore
Temovad, but the result wea not a material *,imﬁroirmﬁt_.

The cylindrically-faced befflos :'-‘rera. "naxf plaéod in a con-“
tinuous line down the chamncl, boeginning 81 Teet to the right of the
center line at station 1+00 and 15 faat to the loft .of the center line
at station 3+50. The sutmergence affact was not as great as for the

wecading tost (Plate 48) bdut map atill t=o r-.%, and sovare thump-
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inz cccurred at the domstream end of the pipe.

In order to reduce tbe aub:nergance snnller-sized baffloa ‘
were used in this tes: (Platev-L’*-—A) Thesa had a cylindar radius of
4} feot and an overall ..eignu of 11 i‘z.et. "he,,r extendad in a line
from 8% feet to the right of tha center: line ,ntus'tution‘ofﬁ‘.i 1:9 ‘20
feot to tho -~laft of the center line ab .‘stqtitSn.'f3+7.5. With this .
barfle the sutmergence did .got .obatruct the- i"-low.o'ver the 'croﬁt
(Plates 43-C and D). The Teaults of -,ﬁhis :sat-up’ sesw:ed 0 be SoCB-
vhat of an improverent over the previous ones and the baf"lé wah X~
tended downstreum to station 4+50, The extonsion, however resu”ted
in bad splaghing at the vertzcal bcnd. - The splashinr, began at |
152,000 second-feet, and wua severe at 150,000 aoccud-reet.. me
shocks at the lower end of the “tunnel wero: not large aLA uccurrcd
on an avarage of oneo- every ] seconds.‘

The contixmoua bai‘fl.a of thi; previuua run Ias mage up or
blocks 10 Teot -lon;;. A teat wos made with ovary other block rannv'ed.'
This set-up was similar to tho fi.rat ‘onos run with the cylindrically- |
faced bafflos but tho bafflos in‘thia caso were ‘unal'lor. ‘Tho condi-
tions of flow in - uha ch.nnnel 0T B fnirly good - .and oxcessive. auhnu'- L
gonce at the upper end did not occur. ‘The ‘aplnshing from tho 1owln'
window bogan at 155,006 sscond-fect and becsme -Acvoro at 178,000

socond-foet., The conditions at the end of tlia tunnecl wore very de-

airable, shooks oceurring at average intervals of 40 seconds,
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The conditiongsofr: Tlow" with small c;lindrical-raced barfle in chaunel

are shown on Plates 43 and 44.

SV

Pylindrically-raced oar“les were alao placed asg.. shown Hn: ,3 o

‘Plate 45-A, The water flowing over tbe croat upon ﬂtri&ing the face -
of these barfles, ‘was- derlected downatrean thus tending to 1ncreasa .
the velocity in the channel and roducc +he ‘croas section necesaary :
and consequently the cost of tho spillway. At small discharges the
artion of the baffle in- derlacting ‘the flow Trom thc crest downstremn
could bhe observed, This action. probahlj ccntinued “or higher flowa
also, but the obs truction ofrercd by thn barfles oeret ithe - advantagﬂ
gained and at the 200 , CCO sccond~f00t dlschurgc (Plate 45~B) *he con.
ditions of flow wore: not appreciﬂbly improvod over the eonditions for,
no ‘vafrles. E hli' ‘ R e ;_“f;

‘ Testéiwere aléo made-withfthc'cjlindrically-rééedlbﬁffleﬁ"
placed'aﬁlshown'01 Plate 45-0. Tlth bafrlos in- +h1s nositlon dt- waa

‘bolicved that the water .ould be forced tovard the ogee - sidc, making

the flow on thu two sides of the cbannol at ‘more noarly the aamo

height. Plate 45-D shows that at a 100 OOO second—foot dlschargn th1s B

rosult was‘accornlisned. Tho obstruction of tne beffles’ and the. ef-g_'
fect of the upstream deflect ion- of the water .sc inpeded thc flow in
the channol that at a.éOD,DOO;second—foot dlscharga submorgenco"at

the uppor ond of the channel‘became‘éxcassivo-éhd a water level of

more than El. 1232 was regquirod to produce -a 200,000 sscond-foot

dischargo.
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CYLINDRICALLY FACED BAFFLES INCLINED TO DIREC TION OF FLOW,
DRUM GATE SPIL LWAY - MODEL M -/




Da:‘lactnr vanes on the Dgge Crest

Deflector vnnea on the ogae crest were aluo tried to d:lroat

the overfalling water dovmstream ‘and perait the use of @ amuller chnn- :
nel. The first sot-up ia ahown in Plata 46—5. "‘he wf:tum tam::s

over the waeir was not deflectad directly dounutrem hut nannhat out
to the side with a considerable dovmatream . cmnponant, as lhown in
Rlate 46-B. At tho mrgar diechargea theae vanes obutruc ted the

flow and caused excoasin sutmergonca at tho uppor end of She orolt. :
Tho conditions in tho channel for 200,000 uaoond—foot diunhm'a m '
shovnn on Plate 46~C. fconaid.ornblo vihrutiun also raﬂul..odlt 'tb
dotmatroam ond of the tummol, tho avorage poriod far msovaro nhoc‘:n
being 4 ageconds. Tho upstrosm: rour vanou were rmod., as tw |
petrad to obatruant tho flow (Plnto 45-13)' - This snghtly improvad
conditions in tho chamnol but oxcunaivn cuhmorgonce wag -tm nrolnt
anﬁ the froquoncy of sovurc shociis et tho tumnel. ox:lt ws mend
to a 3-gocond averagn. The dommtrenm Tour ﬁ;Dl woro rauod to
position whoro thoy would not ac groatly cobstruct tho ﬂ.w [!'hto 49].
This oliminated the vitration at the ond of the tum.l but p.'oduod
an unstable oondition in tho chamncls A.t timol tho ohlnnol at e
lower ond was full to El. 1825 and at othars it dreppod to l_lp\'ll :
£0 feot lowor. No roason for this s apparont. |
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PLATE 47

VARNES OM OGEE CREST - DRUM GATE SPILLWAY MODEL M-t




P

Trough on‘Crest. 81da of Floor

This mode; (Plate: 48-A) vas: made by ranoviug the ralue
floor ang building a raised section on. the wall side. Fbr flaws _
up to 100,000 second-feat the: raiaad naction cuused a: very disturbod f*
condition in the channel with a. stre&m of water rtsing up 1n a. rbun—:f
tain erfect Qlong the center line or: the channel. The condition far
a 100,000 second-foot d*scnargo is. ‘shown  in’ Plate 48—B._ Distnrbod
conditions still existed.at 150,000 eecond—raet (Plate 48-0). At |

200,000 Becond-feet .the. conditions in tha channel were reasonably

good (Plate 48-p), The severe ahocks at the engd or the . tunnel oc—,

curred at 1nterva’s of about 15 saconds.

A dentated sill g feot high‘was,placud dt the lert edgn
of the raised portion of‘the.channél‘floor. “hta tendod to hold the
wator to the right sigde of ‘the channel and- at 1ow flows. caused +nﬂ o
trough at the upper end to: he awept out-and produce very - truaulent |
conditions.
channel bottom at thy aonnsuream end, but this: did nnt noticeably

improvae the Tflov,

Plain Sill ana Dontated 3111 on Channel Floor

Experiments ‘Wore made-with.a plain 8111 with. vortical Teco
6 feat high (Plate 49-A). A% high rlowa this produced. ‘Very. good
conditlona in the channel and &t tho end of the tunnol,:amallrlhockny
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occurring only about once 1n115”aec6nds. At 1oi*rlows,:h6weiar,tthe |

-conditions in the channel were undesirahle. fAt‘afdischarge‘bf215:000
second-feet the stream was. bhrown vartically 1nto the air in-a- roun-_
tain rormution.(Plute 49-B}, At a sunowhat ‘higher £low a preasure',
area was formed upstraan from the® batfle wﬁich forcod the atruﬂm up—
ward so that it passed ovur the hnffle mithout. typinging on 1t but
instead rose high above: the bottqm and- dashedragainst ‘the - rear well, -

The plain sill was. replaced by a. dentated 81116: teet hizh”

extending fram 23 feat to left-of,thencenteruline‘qt station‘SfOO-to

a position 14 feet to.lerthﬁf thescenterrline at atation 0+50."“ﬁiéf‘
1mproved the conditions of flow in the- channel at. lov diaeharges.

At the discharges the conditions at the end of the pipe, howuver,

were vorse, as severo shocks occurred at intervals‘avpraging 13

soconds,

DR GATE TYPE SPILLWAY - 1;100 ::dm*.uaz

A =pall modal of tho drum suto typo of spillvay was con-l
structod by fr. W. H, Priae on a 1 100 -scalo to test out ‘tho poasi-
bility of using a trough in tho floor of tho chunnolualong»tha bot-.
tan of the rear wall, If was expocted that this would roduec the

" hoight of the wave along the rear well. Tho channol of this modol
was apfroximately tho same.dosizn as that of the M-1 modol, but tho
transition of the former was slightly largsr in proportion and of
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less abrupt curvature, The plan of the Mz modol was reveraed the
trest being on the right—hand side of the: channel but this did not
affect 1its action. In ‘order to 51mpl:lt3r-constructioﬁ11‘:it fwas,bui.lt . |
without gates or the inteme‘diate'ipelers.. Plate 50-A ahrowg_ithq-‘.apri“]i- '
was with no flow in it. The trovgh:en :-the.wén'-smeao‘rx.ﬁiesﬂom};.-'
proved :Lnerfectlve in- reducing the' haight of the wave. The«&r‘ém
frar the welr seemod: to Jump. oft- the edge of the trough and flow 1n
an inelined direction dovmward-to “the "bottanqu.tpe tr_pi_zgh, thence
acroas the bottom and ﬁp ‘the rear wall,-ffith m-é‘c_t.:icélly" as.much
energzy as with no trough, -'The éondiﬁon of flow m'-t'hia*mdde'l’;'rdr"
a 200,000 aacond-foot diacharge -1s shown ' in Plate 50-B. |

The trough was then moved to the ‘ogee side with batter
results. The action in this case. was very similar to that tcr.r the ‘.
-1 model. The conditions of flow for 100 000 and 200 000 second- |
feet are shown on Plates 50-C and D, respectively. A _comparison'or

Plate 50-C with Plate 48-B shows:a mYClOJBe :'B_‘imilﬂ‘rity for lm’om

second-foot flows on the M~2 and k-1 l}ilﬂydelﬂ', ma'pecytiverlyl. The :plo~ -

ture of the two models . for --a--.aoo;odé aecohd-?réof' flow are:not cm— i
parable, as the flat top in the tranasition. or the M-1 was not. built
in the M-2 model. At the 100,000 ucond-.root discharge this top
did not come into actiomn.
This l;nﬂll modal was algo teatod with a flat floor similar
to the raised floor in the k-1 model. The eanditioms for dischargss
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of 100,000 and 200 000 second-reet are- shown on Platea 51—A and B.

The results on: thia modél were' similar to those on’ the 1280 modol, as !J.

may te seen by & compariaon of" Plate Sl-A with Plate 40-B. -Thomimp
proved portal and rlat top in the transition were ‘not 1n action in
the latter view.  ‘:{_' | '  : -  “ﬁ, ‘>
It was. heliavad that considsrable improvoment in“the rlow f- 
conditions at the lower end or the spillwaf could be mada by alterins._
the transition between‘the- channel and the 1nc11ned tunnel pipe. “The if
top of the transition'was: raised at the upper end and made to inclins;i
more steep1y<down?ard. The<reau1ts,rhoweyer,jjereeunsatisragtory;fgt!:
a 200, 000‘socondi'lroot'dischargé "thé ;‘watér 'f‘ran‘txt}.xe -‘ridgei,again-at,:,tho
roar wall impinged on the" top of the: tranait;oﬁ and Tormed an unde-

slrahle wave, as. shown in: Plate 5248. The ‘conditions for rlows of

160,000, lSO,OOOaand;lBO,OOOVareqshownton:Plates»51—c:and1DfAndfPlnto

52-4, resnectively.
A few quantitative observationa werc. made .on’ this modal to -

detarmine the cross . saction of flaw 1n the channal. Ehe results or

these are discussed in- the section or this raport dealing '1th thia

feature of the apillway design. :










