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The :Moon !Ldke :Spi'l'iway ~a:s/~:in"!!~e:ipr6~imi%n~Y!!'desi'g ~i~vroul~:;. , :i :..::.: 

not carry the :maximum :dls6harge ,.of~ :IO,O00 .e,.£.s. vrithoht~:produoin~ ,~ , 

an unde sirabl, 

charge, the I. 

tional chute 

in'the side c} 

creased to 16i 

accordingly. 

maximum dis eh~ 

Flo~ 

rough, uns.vm~ 

of tests, a design=v~s~.rocon~menc 

following features: ~he:~S~ftii 
• . . . .  

to ~ coincide with %he ;c enter,.;/lin~ 

ual transit ion ~b Otvreon :the ~: s:i'de 

a cheek 4 feet :in !h6ight; ,ire ~be 

a e t  a s  a c o n t r o l  a n d  ~ l . ~ i n  - ~ :  

before it enters :the ,chute,; ~'" ~'' 
ro~R , 

face ofthe overflow~.sec~mon.~.to ~help,!inl}pre.ver~ing.:.~the~!:r.O, lo]~ing:~mO,5,iOn 

of the ~vator iin ,~ho ,charmel. Each of-:the S,o ,:testiS'ions ~'or ',additi ons 

improved%he flovt.%o some o~bont,. , : a n d ~ i t h ~ e h e  ~e6mbin~ion,:,~la.t~con- .:- 

ditions were very satisfactory'throughout ~the spill~'~y, iFigure :5 

s1~orrs a compar is on of .the original" and the r oeommended -designs. 
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l . . . .  ' ' ~ -  ' -  ~'-;"-i~" "i"~ ' : I ~  ~ ~ : . i . . . ~ i  ,~ . , ,  ~ i . . . ~  
:~oon Lake ~Dam.~s ::to,be ~:construdtoaiat~he,~'iower..~en~d ~6 . ~'.~ ' .' 

' . . ~  • ' '  , • . , - , : :  " .~'~',~.': , " , .  ' ~ , " : ~ . "  ~'.~:'~'~-'~",i'-~.. ' " :? '~ .~ , .~ ,~ 'J ,~ .<J  • : - . . . ' i ' : .  ~ . . ? .  ~ .  ~ . ~ F  ' '  

• , " ~ -, , , .  , ' " . ' " : .'-, , ' . ~  ,:: ~ . .  ~;-~ • ' ? .  '~  ' " . ' ~ ! ' , ! ~  - ' ~  ~.':, . ; ~ ,  ~ ,~L!~ , . (  ; : " ~ _  ,. " ~ . / ~ ' ! ! , ~  ~ " , .~", ,  .~ ? ~ - t , ,  '~ ~ :  

Lake Fork of ,t he ~Ducho sno ..Rivor,lin.~:nor[th0aster.n(IUtah~:i'~.'~.Thei-~;d~ '.~ :.:i!'i~.'~.~ .i. :: 
" ' "  " - "  ' '  " . . . . . . .  " V ' " ' ~  ' ~i ~' " ' - -  ~ '  . . . . . . . . . . .  ' 

site is ,':32 ~ 

east and. slig~. 

aupplemontary 

cultivation, al 

cinityv~iehh~ 

l~t or • 

river, amd ~I 

L~oto 30,000 

In connecti- 

• off the excess ~flov/du: 

east canyon.~wall somo~.~1 

C 

figure l) Duo °~to the ,i~ 

ness .of the ~rook of n~ 

~ThiCh prc~vos to :boa ~uz. 

proposed. 'A detailod d 

The side cham~dl :proper 

sist of a c0nical tunnel ~ha~ing a~diamotorf0f~O'~-foot~-ati~:~tho.uPi~or~.. 

0 ~ l  a n d  3 6  f o o t  : • . " . ~  !- :, ...... ~'~' , 
n..t t ho~.do~mstrcam ,.~nd, ~roofod%0o~.plcto!y "-.by the ..c a~0n 

v~all.. Thus the ..canyon ~r~l-i ~-rill oe :practically undisturboa .~Id .~ho : 
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. " T " " s i d e  channel vri!l be nrotected from rock sllps, he~opz!lv~y will 

have a free ove~'flovt crest Whichwillbe in.~the eden and vis~ible 

from the reservoir. ~"fater pasning ¢~vor the crost/vriI1 enter i:hhe 

c'.~nical chaz~.el through a long hol-izontal Slet~like opening in!the 

ca~..n ..... ii. S~x concrete pzers equally spaced and restz~g.,gn,~he , 

, • : . .  - . • ,~ ~ . ' . -  • ~; , .  

crest ~'~ll serve as supoorts to Strengthen the' arch: of~=the conical 

cha,~m.el section.. The piers serve only this~one:i~'Dose as .no rates 

or devices for controlling the spill~vay fl~.v are provided, iVith 

168.67 feet of free crest, it vrili~be p0ssible to oblhdin/!~he:~maxi- 

mum disc}mrge of 10,O00 c.f'. S'. ith~;cu~.~ ;the spill~vay t,rit]1 aihead , :of 
O 

approxlm.~tely 6 feet on the ,crest. ; ;. !-- :{- 

Begir~ing at the lov~.~r sndof ~the conical ~: 

sit ior~.l chute, circular in secti0n~:but gz'ad~lly decre[~sing in diam- 

eter, v~ll conduct the ~;-ater from the Spil!v.uY:through:a:.dnop of. 

60 f..-.et in a distance of 122 feet, to a 16,5-foot constant diamet~" 
. ~ . . . 

tu~,el. The 16..5-foot turntel, :w'hich vr~ll.ha~e a sl0pe of- .04~, 

will convey the v,.uter to the outlet portal fzom:~zhich &t~v:ill dis- 

charg~e ~!irectly into the river below;,the dam. The original:diver- 
!I • • 

sion tunnel ~,zill be utilized to conduct vmter for irrigation purposes, 

when "#&e spilhvay is not in operation, from thereservoir to the 

16.5-f.,~nt spillway ttunatel, which in tt~n vrill deliver it to the river 

O J" ~ " " ' " ' belm,[ the dam. (See figure 2) The c n~rol ~orks vall oe located 

just above,, the jtmction of the ~,-;o turquois. 
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side chazm.el ,v~ll :be ~rotecte~ ,from rock ~s~ps.. ,..The 

have a free overflow ~c . . . . . . . . . . . . . . .  ~ . . . . . . . . . .  ' " ~ " ~ ' " " - ' "  ...~: r~,'.'r' . . . . . . .  .~'',', .~r.:~..~.~ ~, . ,~  

from the reservoir.. ~ 

conical chann@l :thr oug 

• canyon w~.ll..Six :conc 

crest ~'~ll serve 

cha~ael, section. :~Th~': 

or devices for control 

168.67 feet of 'free ,;crest,:~it ~ll'~be :~ :max,, 
• : ~~~',~.~ i ", , ~ .  . i :  ":;~ ." _. ' .:  7 7 ' . ,  ..~ ', :'%.i~',~, ; : i 'L  --•~:.~ ~,I:~ ~. ~ L : , / : ¢ "  ~ 

, 0 0 0  ~ o . i . s , . ~ t h r , u ~ h l t h e ; ;  l!wa~ , '- " . . . . .  m u m  discharge Of ~I0 " " : "~ :  " ~ spf i ~ ' ?  '''~';;~-~l:~-a,.,.head,,~,of-;,.;,,~':' "~: " . . . .  ,.-:',~::, 

a p p r  o x i d i z e  ! Y  ' 6  . f e e ~  ,; on -i ~ ]  .... i~:.ii. ,,.-/.! ;:..i~~.i;~..~~i-..~i:/~{;.: ~/ii::i[ii~i~. - i,.t~i~ ~ : ~!, 
. - " , ' ,  . _ :~ - ' '  . - ~ : ~ ' - . .  , ~ " , . ,  " "  ~ " ' : - ' . , ~ ' , .  '~ , ~ ; :  . ' ; : i "  : ~ ' . ' ~ , : . . '  , '~,. ~ .  : 

Begimiing :at ~he ~,!Iower end ,of ~the ,:o i'c~ . . . . . . .  on~ c SLI~: ~ n n e  I';,,~ a,i,!±;ran.~,. 

sitional chute, Circular ~in~s~ecti 

eter, will conduct ~the;water iJfrom 
/ -  

60 feot in a distance~oT~1221~eet 

tu~mel. The 16.S.foOt~tunn~i,~h~ 

will convey:the~rva%ter :tolthe~ou~l¢ 

" 

ii • o 

, " 5  

!,, , -  . 

: j ~ . . .  • . ° 

16.5-foot spil!vmy !ttumel,-~ which "~in-turn'~r~.ll:;de]'.i~er'~ ~ - ~ :iit ~tOLithe;~iver" " 

( ) . . . .  =or ' belo~v:the dam. See ;fi e.:.2 " :The~r, d0ntroi :,V~i:~-~ ~ ,-~i ~ 2£~.~.; ~' re, ;'' 

J jim 'iu;~o - 'S; " .... ' " u s t - a b o v o  . t h e - =  c t i e n . : o f . i t h a ' . ~  % U l m e i  / : ; /  . . . .  - . . . .  . : :  . " ' :  . . . -  • ' 

- h , i ' . . .  
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~Pay ,v~s 

Custom House :"in I 

. • ' - • . - , &: .v, . . . . .  

• . . ,  . . . . .  . ,  , . . . . . .  , . . : . , !  . . . .  _ < : ,  ~ . . ~ ,  . . . . .  : . . . . . .  : . . : - . , , .  . . . . . . . . . .  , . . . .  ' ! ?  

: " " ' ~  ~" " ': " "  " ' " " " " " ' " -  " " " " " : '  ~ " "  ""-.~ " ' : :  ' " ~ ~ "  " ' " ' : ' ~S " i ~ l  ~: : " ' 

is shown .in :i'i~ur 

notch .~veir iloeated :in it 

4 feet d eep.;:~iwHich ~!~s ~p 

hers, a S-iIich,eentzifu 

the. mea s ure d ware r.'.Up i 

the ceiling of:,the :lab¢ 

vmir ~nkes it. :possib"le 

calibrated gate .~valv.es, -~.-then ~,t~ro.u~h ~lar~e ~expanding .,ioones-:.~into ~;twm"~: : .:~ 
. " " ' . . .  . :  . , . : . . , .  i .  . . . . .  " : '  ~ ~!'. i ~ i :  .~ :i~.: :~," .i:i, • i; $ .", :~:~..: ".' 

h e a d - t a ~ k s  l e c a t e d , ~ . d i r e o t l y  ~b.e~lov/~the.,cOns~ant",l~e,vel,~t~.7::i,Water:-~:i~ : ' /  

 hen sU p  iod to the =o e, s .  rOo  y:  om!theoe 

•. " " " -~.."" :+..".~. :-%," ..:~:<.:i~".;~..~:.i:: ~-...~:<:~..''::i""-! .ii:,~:i'il 
Wroth .this :arrangen~nt., -:t~'~o ~;mo'dels ~can.,~be ~ opera:to'd!!:isimtilt~-:.. ;%i~ ~::! 

e.Jusly. .After :pas sling ~t~oush :.the ~mOde:Is., ..~he::via~r,:.is:::;co~i~ie~t:eld.-.!±ni~:i:,~:i:., ...~-;::.:~: 

' . ' .  ' " : " " : .  : ' . " : . ' " ,  . " ' .  : . " -  .' ' • I ~" . ' . ,  " '" , - . < ' " ' ~ - , ~ ' ~ ! ? ' : : " ~  ~ . ~  

sheet met~l fltmes :and..r, eturned..:to-,the"-.vm:ir ..t~;::','ThuS:i ~the :s~mo :T~::::'~i''~:/.::~i ! 

v m t e r  i s  , c o n t i n u c u s ! y  : c i r c u l a t e d  ' t h r o u g h i t h e . : s . y s t e m .  ! , : . ~ ; ~ O : : ) h b o k  : : . ' g ~ e , s . ! /  

are used to observe the head on ~the:~,V-notoh-~veir.:~n:d:Ono]ihook.~ga~go . " . : : :  

.is prodded for ~nasurin~ '.the .ele..~ution-.of .the i~;~tor ~surfaoe :in~each . ..": 

of the head tanks. . . . . . . . . .  
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.THE 0RIGIHAL i MODEL 

' A~,model ~of the !Moon ~Lake : 

laboratory on~a-scale :of~l ~to:~'40. : : "~: " ' r*" "'" ":'A''' 'd''-- ' ~"' 
:~A, dra~,ring i~of !the im0~d61,as L ~erig- 

inally built is ,shova~ ,in ;figure ,~. : ::T 

cludes the conical ::side channel.arkl~ti 

of No. 24 .gage!i-Jheet me al, :shape'd:~ 

metal ribs whi~h~were ini~,'turn ;mounted 

structural steel ,angles.. !By ,using ~i,th~ 

re suiting :model was very: ! accurat~e, and ::rig'id. _:; :~l~;v~s :~hus:,~possibie ,t~ ::'.: ~ 

set this piece on a platform and :loveli~i~the ,cres t iby,jmeans . :of ,a lev- ~:"~:... :'~ 

c l i n g  s c r e w  . l o c a t e d : • a t  : .each c o r n e r  o f - : e h e • i . i s t e e  ! : f r a m e , >  !~The s i x  : v i e r s "  •?~ 

~B 

@ 

~" ' s h e e t :  i i  ' ~.i~ " ~ ~ -~• a wooden ?£~mm'~v:ork , ~  .... co with i x meta 

The t r a n s i t i o n a l  ~ c h u t e  ~ l e a d i n g ~ f r o m " ~ t h e  ~!tloi.tor. ' .... " : 

conical side channel to the iS'foot iturnlel ~v~s . 

carved in a 'laminated,block Of wood. -:Pieces of::2, ibv !ii2 i~,~{ i~,~.~2 ~:~. 

white pine were marked~and ~sawefl ~such:-bhat ~ithelegroat'erjipart iof,~the 

mater ial to ,be removed ~was:sawcd~ :out ibef0~e ;the :,be ar.,dS~were0:assem, i!:i I :,~ 

bled. The pieces ";~el-e ithen glued,and ~scre~-,ed :toGetlior, so,that ~ ~i~! ~:i.i ..... : 

the block vms in t~'m ihalvos.. The remainder :of;~the!materiai : , 
to ~be :re- 

moved ~s dug out vrith gouges and chisels to the final shape,~ ~ho ~.~ 

halves were then bolted together • as a unit. A portion of itho top of 

the chute was made removable for observation pruposes.. The two 3@~ineh 
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@ 

conduit s ~,wh~oh~ ~rml square " • " • ' "" 

~ v i t h  ~ t h e  ' s p ~ l l v ~ y ,  . t u ~ o l , i ' , v ~ r  e ,i, lbd i  I t  ~ i n t o  . . . .  ~ , , the ' ",~ ~f  "' ~'~,~he:,' ¢"~" ~"<','~.. ..... '~ , ';~.~ 

• c h u t e ,  b l o e k .  ~. B e f o r e  ~ , inS- ta l la~"ion;~ i~ i the  ~.bi 'o~k !~'~s 

mud.varnished:t o pre' [ng, 

~ ~l ~o l~ r ~ ~ ~ s cre~.~od~to ~i~he ~upp~r ~ ~o~d :: o~f ~i 

and a similar collar ~s .~solderod,.~onto ;.the ,: d~'a~stream~;ond~ef~;the~,: .; ,'~ ~.,..: 

dr m I led - in. t hem.', s o ~that,~-!.it".uo uI!d.~Jbe ii~po s s ibl e %t o ~s hif% ttho"~.pos~i~iOn '-. - ~ ~: ' .. 

of the Chute~to-the~left,~!ri~ght ~ 

Center line of tho~?~ide~i;chann~l. 

Thol 15"reOr ~ circular tt~ 

the out le~ i pc rtal ~,waa~r ollod,~ Out ~,~% she St~il 

be 

chute 

oxpeetedinitho:;protet~po. :r.A.ipio'Z0m0to r.::coi 

Five pie zomo%~rs woroi~looated ~: 

for the purposo"iofji~vestig~tin~.:the,.nros~ur :~':" :' 

pressures wore observed. "W~ter .... " ' " 
~-sur fa C o i re ~din gs :,:,~ r o ~ a I S O ~ t aJ~en ~:by 

means of a point gage for ;various ";so.ions i~in ~:tho ~ si~de~icha:Inol, 

chute, and tunnel. The head on;.the crest w~s obsorvod~..from:,a .hoOk 

gage which was connected to the h~d tank. 
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~p 

.° 

"i 

the maximum..:disch 

o,f.s, inlthe~pro • 

at~the do~'a~stream 

D 

-..j 

nel was flcvring completely ~full 
,!- 
z 

, :ii ̧ 

.% 

!; 

c 

D 

i0,000 c.f.s. - -, ;~ . . " " Fr':.m :all. a,v~enc e , .:, 

and it backed.,the water~up:~in?~t~.e ,. 

water s~rface "in the ; side :channeli~: 

crest at the upoer~,three"..pier .spac¢ 

In order .tO .prove '~:~dofini'~ ~::~ 
%,:, 

too small, =a-run..r~ s :made ",~-~ith Lthe ~ - . 

chute. As the.~vat~r flowed out of. .:chut .~it: ~.~ , :" 

tempc:rary.sheet metal flume,and.;returned.;.to ;.the :system,; ,]~ " /. ...... " ' ,_ 
, ~ith-~the .::, .. - " 

'tunnel removed, the ch°king offect:%~ms~.partially relieve.d.c. .. . . . . .  ,,~,.. 

.~n'~t.l~ , , . .  

ohute~ but it can Lbo-seen from phQtograph B ~(plato '.I,):that :tho;~c "-:~:i.nu~o 

still flo~:zod full at the lovzer end, 

7 
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i"i " .... 

: REVIS IONS ~ 

.RevisionA-- Lar~er'Tunnel:agd<Chute:i: :- " - '-" ~ " : " " ' 

The desi ~g e 

increased, t~ a 

culty s o ived, another ~be came ~quit e ~C0nspicuous, ?The ~i~0Iiing:im0t'ion ~I" 

of the water in t he i:-s'ide ~:ehannel :con~inu6d .:do~wnstream ~;caus;ing ~,the ~ '.: ... ': 

flow to.be very. r ough-~ud !"Un sy~me.t r 2cal. iiin;:;the 16hute~:i an-d'~: . ~. ? @..'~, ,r 7" 

Revisi.on. B .-- ~tligmment :of.:.Chute : !:;: ;:. :;'~ : i :i: 

of the~ ehu~e~as sHifte;d",~0 :-various ~ positions Jwith.,,_.respect :.to-{the i'";• 

center line, of the. channel. !It :~vas ~fo.und~that ~l~'~..-oonditions, ~I-.. ;-/ ' : 

though short of satls~ctory..,-.were '.best~v~en ~the ~oenteri.~llne ~.eflthe -:"~ 

chute coincided V~th-'the.:center :line iof~.the .. :channel.!~ i ohlf,..~ing~the :" 

chute up or do~m-made~.no.~.appreciable ,diTfer~n.ce, . ~-.conse ~? 

elevations of this ~ portion-of ~the ..'spill~ay ~iremai.ned;~u~ .... - 

Revision C -Entrance t0.Chute . , • " " - .~%iiiii~/~:/•,i'/-, ' ;i"~ 

A smooth, conic~litransition i~15..33 ifeet ?Iongi ,exten~ding 'from"- 

station 3+04.67 to .station:~3÷20 !.(See ~sketch.~ef ~recommended JdeSign in ~/ 

figure 5)was installe&be~weon ~the :SB,foot diameter Side oh~eiiani/~ 

the S0-foot diameter chute portal° .Also, the smail'~protruding-van~ ~at 

station 3+04..67, whichwa~s originally used in conjunction ~with :the .-off- 

set, was removed. A slight improvemen% in fl~voonditions was not~ee- 

8 



"@ 

o 

.'O 

-- • • , . . . .  

able due to these ,_changes., ~.TeS% ~8~l,~:sh0vm iin,~fiEureiS~¢showsi~he ' ' ~ i:~,i~i ! 

water surface-at ~ varrous :sectzons ~.taken!~long Lthe"channel,.~chute, . ~.. ~ , ~:~':i~ 

and tunnel, ,and :,a profile ~of ,~the .waber ;surface •on :the ~center ,,~line .... ..... 

for, a :dischar ge<df ~.; 

vls zons A, B, ~:and ~ C, ~,were j~incorpgr ated:#in>.~e ~model:.~>~.~.~THer:e ~s i: :-. :" - 

still considerable 

the irregular, ity 01 

shovm ~in/figure ~6. 

stream attthe conic 

the chute. Photogz 

discharge :'of ~i0.000 :c.f.'s, - .... -;..~.~/~:~ 

: Revis ion. O ,-- :~,Che ck.' at, Ch~e :Entr~ae ~ -.:: :',.i.: .,..: : ~:::!'}!::')}i:i ; '. :: .:!. . . . . . . . . . .  ~ :. .".. "~ !:.. L:>'/~ . .... 

p @ 

~O 

it .lost 'the greater !part ._.of (tits ~i::effolctiw ........ ..,, ":: --.' ....... " '/!~C 

flc~,r, :and when 'it nvas ~-highe i~ ~than ~.thisi:amo~ut-j :~it::~ 

• ! , r - . - .  " • " - mergence at the '~.upper " . . . . . . . . .  • • , end. of .the .crest..~For : a :more, deta!ledtdescr%p-~ 

tion ~of these checks ~see tthe "~log ~of ~tests .~in i~the anpendix. ~ :~. - : 

~, Test 7-1 :(fig.ure~Y) ~sho~':s the •plot .~of a-:r~u at maxi~um.~dis- 

char ge with ~ a flat ~ topped, check. 4 ~ feet i~high "installo'd-- at :station : S+2Q, 

Photograph C (plato II):-sh~:s ~a picture of .the check, and photograph "" 
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I~LATE II 

A. REVISIONS A, B, AND C. B. REVISIONS A, B, A~D C 
DISCHARGE I0,000 C.F.S. 

C. REVISIONS A,B,C £ND D. D. I~'~ISIONS A,B,C AND D. 
DISCHARGE i0,000 C.F,S. 

REVISED D~IGNS. 
LOOEING UI~TREA~ THROUGH CHUTE. 
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D shows the spillway dis6harginz at ~10~000:~c.i~.,~:, 

stalle d. .The .mo~el .~as ;~for.~:i.tes~ ~'.~7-i i.involvs~ ~s~... -, 

tered in revious ~tests.'." - :~ . . . . . .  ~ . . . .  

o 

t~ 
,o 

• ing in the side channel. ",To .~do ~th~{~s;:~arious~s~.l~l "steps.~'re':'icon-:i" -.~ :~i 

structed on the do~nstrea~ Tace " ~ . . . . . . . .  " - .... ~ " ' ' ""~ ~of~,the ~overDio~ ~seetlon :in~G r ' • .... ~:~:,~ 

full length Of ~the ierest,~'.~h~le :in ~o~her~s, {it~.Was imac 

~rith the upstreampiece :setL~ gher ~on: ~%he.i.0venflow:~s~ :i ~."--~ "~ ~ii'~ ili'~ 

dova~stream piece, iResults ...... " " "~ - 

courasin ~ as the 

-ducod. Lilce.~ise., :flmv~<c0ridi~ 

The bes~ .results were~obthin¢ 

upstream~pioee v~s ~place-d?dir~c~y ~.~tg~ns~ &~ne -a~ms~ream ~-eage .t:oi~: -.. 
• - , ~ . , - i . ~ . ~" 

the piers from ~station ~l~00 ~20 ~sta~ien ,l@5~:83, :The :d~'nastneam .... 

piece ~s sot .about .8 Toet ~do~n-~tho ~over~l~v.:face.:fr6m~the~id0~n-~3.~ ~ "/ " 
- ~.~ .!:!-~.~',_Z ~ , 

stream edse of ~:tho piers, from ~station .!i+57~.83 to statio~ ~:3+0G~67,. ~ :,~ 

The actua'l locations of~these stops~are shov~ intho sketch-Of "the ' 

lO 
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recom~ended ~ design ~.on;::~fi 

ternary roller in ' :T.,h'e {Upper 

low in skBtch I, ~The ~downs~ 
~ .  

was formed .in ~both ~direction 

cas e, -the .counter clo c]@iise r: 

O- 

. Gi 

• • H. , 

• ;Sketch .~I 

This combination , ' o 2  ]r.o!lens. 

,some extellt as -veer goo~ ;gl( 
- . . ; "  . ,S~/ -- , 

? ,  

channel, chute, andtunnel, 

various ste p ~sills .tried; 

this report, 

Test 4-1 ~(figmTe 8 ~) .shows :a:~pro: 

,@ 

=l 

i0,000 c.f.s. :The :mode'l during these tests ihad :incorporated ~i n ;'it:.~=:~':j:{ 

revisions A, B~' ~q, ~and: E.L(b ~being omitted), ':i:~:~ • 

.ll 
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PLATE III 

@ 

@ m 

A. ~SIO~S A,B,O AND le. B. EE~SX0~S A,B,C AND E. 
~I~HARGE I0.000 0.F.S. 

C. RECOML~N~ED DESIGII. 
DISCHARGE i0,000 C.F.S. D. R.E~0M.M~,TDEL D.~IC, N. 

DISCHARGE 6,000 C.F .S .  

REVISED DESI GI~S . 
LOOKING UPSTR~I: THROUGH CH'UT~'. 



THE ;RECOP.~h'DE 1) SPILLUAY ,DESIGN 

,The .ilayout reeommende~ 

f~-om a ~hydraulio stan'¢ " ' '-; "~ 

thus far made, ~namdly 

ditions were "fZtrther: ::£m~ 

the check at the ~chute :~ 

broke up ,the rdlling ~:mo~ 

1 -  

difficult problems ,from.~ 

mont:aocepte~d ! the  lo.ym'.~ . 

p~,tment. 

Tests !16-5 and~16-~ 

files and •some sections:~taker 

@ 

With some ofthe :.previous J:!ayouts; ~fl=,~<condi~io~ ifo~;.'.a: 

dis c.harge of 6,000 'o. ,:,s. ,wore !~in some~ca.~cs"iinfer:i~r-:,to ,those:'~a%~::i!!// 

maTi~uu discharge. For the reco,~mended 'design, :hmtever~,::;it~-:" ~: can~be 

seen from ~e plot~ :and pictures that flow ~conditioni~.wero ~ory-~sat' 

isfactory at all scharges.. A sketch of :.the spillway as ~recommsi~dod 

is shmrn in figur~ 5. A drawing of the originnl design is also shovm 

12 
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PLAT~ IV 

£ .  G ~ A L  YIEW OF MG~[L. 

C. "7I~' LOOKING UPSTRF.A~" T!~ ..... 
I'O~TAI C" C'qF?'/.. 

B. VIEW OF 3I~E CHARNEL 
ARD OTERFLOW S~TION. 

D. SPILLWAY - DIS~HARGE iO,000 C.F,S. 

~C~L'/~ENDED DESIGN. 
REVISIONS A, B, C, D A21D E. 
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~ o  

@ 

$ .  

• • . . ,  

on the same '(p~go Jfor ";the :,pu~l 

the model ,reproscnging ~tho ~r~ 

!The ipro s sure s ~reco~ 

i '  . 

~io ~ted 'in,.~,.tho ~iinvert ~:of ~,.the 

• - ~:'caso ~,w~s - 

a pros suro ,~re corded • Which ~,wus ~bdluw.!dt-mosphe~ib.~i-~!~,~,~,~, , ,,~.,, ......... ,., .. ~ ,,,.., ~. 

• ~ .... so ,floor ,m~e ~or ~,~,h~oo~ ;~ ~i.':~ ,~,o~ ,~.~, • . . . . .  ~t~.~: ~:~ ~.~ .... "~: 

upper por.tion.:.o f itho +:+chut, 

and oxtending,~d~.~ . . . . . .  

vert of "tho.-chute 

place, the ~uppcr '~p 

shoo ~soction~with i~tb~ ~i 

• line o~" 'the ~spi~lv~). 

bol~.¢, atmospherio vritho 

rain t hat ~±~is .~ul'd ~dl 

As ~it ~ould ~ ha-.-~>~'moant :~ 

suros on,the ~f~iso ."floo~ 

tained. Ho'ivevor~, ~thoro 

r a  . s ~ n g  t h e  c h ~ o  ~ n v e r t - ~ n ~ t h o  . . . . .  :u~roto.~,~.a~ "~"~~~d':~-"~-~"," . . . . . . . . . . . .  ~ ~ ' ~ " ~  "?": " . . . . . . .  • • " , :'~ : iii'- 

• ~, , , . ' - .  . , ~ . . , . ~ : . ,  , ~ . . . .  .!.~'i'.~.:)~ ~ ,  . C ~ ' '  ~,~ , -  ~ . , ~ '~ i~ i ' ~o  ~ . ~. 

f l o o r  , a s  ~ w i t h o u t ' ~ i t ,  a t , ' a l Y ~ : , ~ s c h a r g o s . :  ,~. : . . ~ , ~ , ~ , , - - ~ i ~ . i ~ . . ~ ~  - : i ~ : ~  ~ ~,i- ~ i i ~  " . -  • 

It~ was ~ ound ~ ~hat ~v,~tor fl~nng :!from ttho ~or~i~ina~l, diver slion / 

tunnel to the IS.S-foot spi~lway?t~uuol pr-oducod.~a~nogligiblo.offoct .- !i 

o n  f l o ~  c o n d i t i o n s  ~in '~tne" l a t t o r ~ ,  " ~ ~ ' '~ ~"" 



. .  . , . "  , 

' 0  

Q 

'As ~ i t  

for . a n  o v e r  

part Of ~he ,~.ore 

wer e m a d e  ~-on,.th 

various heads. 

oomputed .uaing 

~-04.67 feet, :an 

vridths) or !186~' 

rate curves 'on 

stream side. of 

a s  i s  u s u a l l y . t h e ,  e a s e ,  ~.dOubt:~vas;cexprles'.•s'~i!as~itO~:~ at : :~e~e~t i~he  '/':::•: !~;:i ........ 

p i e r s  w o u l d ,  a f f e c t  ~the : ' f low,voveri . the:: , !~CreSt~- ,  ~it~o:i~t~/~,ve.s..i ,,, 
. • . . ,  

The pier s, did .~ffect ~he~'dis Charge, i;but~inot 
,.. , . 

been the.case ihad 

ted on'figure II, 

~the: r elation ihead 

.:mergence commence.¢ 

as both-'the head'dis:Charge~ and"~coeffi, dient ~cunves.~[~dicat~e 

. ,5; feet, :,~he value ofYthe :tcoeffiCient:].fa11~S ~::offli~d~~v~is;e {the~rla~e, V.:, 

at:which the :discharge i~,i.s ~increasing, ,decreases. ?Per-~the ~,maxim~um ,:, ::~.,:~,,..':' 

designed discharge ~of::lO, 000 ~c.£. -s. ,  ithe i heard, on. the .cresti:~is',}5.90 

f e e t  a n d t h e  c o e f f i c i e n t  .~of .'dis charge ,computed ~rUSing :t be ~net ~cre st 

crest length ;is 3.80. , " " 
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' l  

.. . . ,, .. . ~. 

. . . . /.-.-: , , 

. . . . .  " . ~ . / 5 .  . : ; " '~,~, • ,  , - , , ~  ~ _ " , :  " ,  ' ~.. :, ~ , ~ : " :  ,: ' ' ,  . . 

The ~'maximum <capacmty, of~.~he ',spf~lwuy ~s :about .:13; 000 o,~. s.. 

but :t]iis wc, ul'd.:,reqhire ~a ;:hes.'d~iof: about.~:8.2 .~feet.".On .i~he ~cres~.i!:D~% :.! : ~- 
. . - .  " : "  . . . .  : . -  ~ i ' : : , "  . , - ; V ,  " ~  . " , ! : ' ~ '  . . ' , ' : . ' ~ ' :  ' t :  ,~. 

this discharge, :submerg 

the chute ~was :,flovring ~p~ 

from :3,80 'for: a~is char 

13,000 clf, s. ~i(figure i~ll 

Suc ces give ,:ca 

recommended de sign ~vlth ,abe cks .2, ~.3, ,' and:~4 ~-fe et '~ ~ ~'he ~g~t ::pl~ces..'at ~:, 

t h e  c h u t e  ~ p o r t . ~ !  in-"order 

affects ~the .. ,"~si:de~:~c~%41.~ i~andJ.".in~t~n,' ~.the.:/i~.iS- " " '.~iJi: 

charge over .the:crest. ° ' . . . . . . . . .  . . . . . . . .  

broken lines on ithe ~head'fi~is 

o f  :5 f e e t  o n  : . the  , c r e s t . ,  i i the / i :  

a head above ~5 ~'foot,: :~the :iclio 

crest :direct,ly .as +~C i hdig ht 

:si~ned head of ~5:.80 ~eet~, !~tho <once ~e'd~thc:: 

d i s c h e r  go ~ a b o u t  ! :500 : . . c ; f . s .  ~ a s / C o m ~  . . . . . .  , . . . . . . .  ~g~d, i s  ..~ •. i~.i 

char g o  f o r  "tho. s p i  l h v a Y , w i t h ?  ~II ,:chic cks ~-ho a d  i r o q u ~ l - o d . " " "  '~::"' 

f o r  a d i s  c P ~ r g c  . o f  . I  0 , 0 0 0  '~ c , £ , , s .  : '~'~s'- " i t l . L '  "" '~ ;~e.is s i t h ~ n : i 6  ~ f c O t  ~a=~ .,,f.i ~ i  i : " i ,:ii~i 

conditions ~zoro :much :the •'.best :in the ,chute and~.tunncl whon ithe ~,~fodt :"i 

chock v ~ s  i~mta~Iled, ~it ~'ms adopted in~the~roco~nde d :dQsign, - ' .. ' 

115 

. . j ,  



~THE ":OUTLE~ ~PORTAL 

". '.~.:.'.: . . . . .  ". . :,'~::?.'~ •,'C*!i •,~:~.~ " ". ;".:,' ..... ,?i,,'~, ~'~: "-~,~.:""-~ ........ ' 

much as erqsion:~.gf the. riyer~bed ~belgv: ~.th e .tunnel out- .., 

the cu~let"~to causetthe ~'fc ~::~it 

..i~ . i -:: . :• ::4 •. :• • ,~ • 

' " • "=':,: : ~"~ ./.~ . • ~ ":r'-: ~ }':~ 7~r7..=', :-7 ~" . .~:u'~ • "~, := '.,,"~,~?~...'/~, !~,. ~ , . • 

It v~s:found.~that ~.the outlet~'a .~o~T~11~,,~'----~ t~^,^~ . ~ ~..,, .. 

or iglnal,=deslgn, ~:fi~ure ;.18 )~.~ould ~be ~.endangere'd.i:by< Un~ercuttinK~:O ~:~i:-!::... :!i. 

upon :striking ~,the :~river 

por•tal structt~ e. !!The i~1 

and a is o :vm she d,:avmy :imo,, 

si de :vral is : ~Then+%he ::t ai ] 

normal. ~Photographs#.A~.~s 

issuing from~,the~.ori~ina 

side of:the.!.fan:~and.i.~ie 

after .a } 15.-m/nute ~ r u n  :at: maximum 'dis charge ~.and i-normal ttailv~en,i. '~{y.f i::• 

it had.~ not ~:been'for the : board~aad ~the :bricks ~ sho~wn ~in !.the ~pho.t0graphs, 

practically: all .of .the sand ~which ~is:~.-beh~d-~them: would'-have ?been 

eroded. Umfortumate!y :there were ' no :!:pictures ;:tak@n '.to:ve~i-fy,:.the 

fact, but inprevious tests made vrithout ~%he .board amd .bri~ks, :.%he 

./ 
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PLATE V 

£ .  P I J 3  V I ] ~  OF ~ .  

B. VIZW ~OWI3G ~LLI~TORY OF JILT. 

C. $4.1~ BED JLFTE;~ 3..5 Z4.T.ZrU~= RU~. 

ORIGIN.U, .U~SIG3'. OF OU~LE~ PO]~LL. 
DZSOHJL~3 10.000 O,F.S,  



o . 

,portal v~s lei~c, star~ing ~vith ~.prac~zc~1~ly~notH~n. .g~,to, su, ppor~t i~,.- .... .. 

l~odol t ests ,~re. made, ~,zn ~an ~.effor~ #1 

to ellm~nate ~the :~ins , on :~,the :.s ~aes 4:of ~.~he -"t an, shape ~ ~jot:~and~:~to rshc0~ ': -/:~,.., 

-~tuune 1 wins 

Portal ~ X 

portal, the ~str 

The side waI~s-' 

floor was chang 

suit ~mg i:jet .vms. more ~conc 

river than -the ,::one ~in~the 

h~vever., :caused : cons i ders 

surges-which !~ gr,~dual ly,.~ 

the portal, iErosi~on.~.:,~S 

was still sufficient~,t0~ 

oration, and photograPh~B.,~shows -'.the sand ',.:box ~af~er ~a i run :of !15 :minutes 

duration. 
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~Q 

U @ 

Portal ~Y 

~~ !thir~ ~but-~entire'ly~,~di~f~ere ', 

' , t r i e d  o n  t h e  ~ m e ~ e l  ~ ,~s  t a h o e ,  

the -'~ enter ~line, ~be ginning 

stzeam dir e ~ti On ~.with ~ a-:sl 

~floor ~sloped 

The i~lines ~,'of 

slopes of~'O.; 

line ~ , w o u l ~ . , , - s  I 

sloping '~the ;'~ 

latezally zgi~ 

addition, ~the U~'mrd isiq] 
• - - , ~ ~  'i, ~ii!'ii~ ~-i' •.,i ~!~ . ~"~  . ~ , ~ ~ ' ~ "  ~" ~'~ . . . . . .  ~ . • 

the jet a ~considerable ~dis~tanc~ii~6~~i~in~o~i~e . 

.r.- 

fs 

/ 

/ 

@ 

.~w !@ 

IJ 
f 

form : thickme ss~ut u~it 

si~red, ilt~was !impos: 

dir ection ~i~Of ~the ,een~ 

"tunnel be ~three.four~ 

• d~'n~stream ,end of !the ~I 

-this p o r ~ l ~ i n  ~Oper~a~iC 

aTter a i'16~minute ~zunl ' . ~ - . ..... ~ 

:~lu an ~att erupt .to ,:iuorease ~ehe ~horizonta, l.~ra~e~tory ,.of ithe ~.~ 

'Jet,, a ~:sm~l ~triangular i si'21 v~s. construc~ed-~at '%hel emd ~of .the ~portall 

-floor.. :/~ a resul~, the v~ter instead of .2.jumping :straight :off .,.the 

end-of :the ~:floor .veered ~to either .sida, :making ,the 2jet .thin at-the 

18 
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• @ 

c e n t e r  and "thiCk "at the:i'sides, ~THi.s 

p e r i e n c e d  i n  t h e  o " " ,: .... ;'~"" ~:'. ;""" ""~;- : riginal .design, ;~,:,:...,.. ':. ; . ~.:.:, 

The Re e o~aend6d ',Per tal ?~e ~'i.. '". ~ ':~'" :":' ' ':" ~' ":: ;;":" :~'": ~ .... '"" 

.After .;a. series -:of :it 

side v~lls flar±nB~at .variou's 

embodied ~a.~ o omb'inat'ion .of ;the' 

The  f l a r i n g  :s'ide ~v~l~is ;~~semb~:edi 

the parabolic r.~lo, pe :on :the if, lOot uvas ~;Simii~la. 

In a'ddition, 'a,smal, l ,triangular' ~S:i,l~l'!i~S: i'c~j 

the floor ',~o give.~the ,:~je~i::iinereXse'a-ieie~t:~.'i 

port~l '.vrgi6h ;is ~'des'~ ;ed::as ,~,the;" !Recommen~ 

are shown~in~B ~(plat'e,,~zi:.)';~~i: ;,"~i" "':-~";,"' 

show ~the ~r.~r: :bod.,~bo~ore iand..,af, ' 

~ade ~at maximum,disCharg e i~d .~nbm ,~i, '~ta~i'h .~'' '"~ig 

C .represe'nt ,elevatiOns ~from :80 tS  ~ . :~8!05,.~.:,, :~ N 

ltex- 

..... ' . , ,r. .i ," ." 
',,-'," i' ~ ~T.: ', 

e -,~ .:.~;;J: ."i',. i :, 

~ c t e ~  .~ o n  ; ~ h e  ~end!.~i~o~ 

~- - ~".~:--~,i, :. Z:;J ''-'~; ',;. W~:.:~':~:f0!;.:..,.,:.- ~.: • 
,~.Jes~gn :,-';is', !shovm:~in ~,.-.', 

"k 

• -. .:;. ,.. ~.~.j~;/ H.,,,.,~ .~, L,-:L~' ,.~,~;:~ %:' ;~./ ..:"." ".'-',;~,~-',,' :'i.-,.., ' .; ~:-/ 
( p l a t e  . V I I I ) . s h o w  ~the.~recommonded,~ 'Oi":" ~i:~':::' t ,  ; :~".~-.::!.i..~'~,":;, ~ , • ,:p r . t a t  ~.d~s eh~ ~ n ~  ?at. ~6:000 ~n~a, . . . . . .  : 

. zt tan" .. , :": 

worked -.re .r~ .well. • .The .,~ et-~cL~'d " :, ' ""' ' .  ~""- ' ..... : ,., ~ ....... ...... ~ ...... ' . : ": 
• - • - :not':.spreaa.:,asiieve~ly iiaS'~',!~ho::~i2:,;:i,:iv:.~!i, ~'':'~'" , .. 

:t~l desiF~ n of :po~tal Y, ~buti-,it ~, ~ id ,.cant ~,., . ,. ~.~o. ia~ipo'int;;,~.ar, t h o r i : ,  ,. , ~'a0v~:'itheL:~ 

erosion ~us -a 'minimum..N0"tioe '~n :eho -pictures ,shining ithe port~l " :, 

in operation, that .with nor~nl tai,lv~ter,, :the river :bed.under .the 
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for, all dzsoha~ ges. ~--.,:T~s ~w~s:~ue ~Imost fen%irely - 

to , t h e  absence ~of . . . . . . .  ~-^~ ~ash,. " ~ ' . . . .  : " " " 

• ; : . F i g u r e  .~IS ::@hows,~ a " : p l a n , ' . a r ~  ~: s • e c ~ i ; n . : i : ( d r a v ~ , i e o  ') ' "- ' " :  

Jet dis charging.~s,t :ilO~ 
' L,. 

l i n e  s :repre s ~ b ~ ' ~ . t h e  <p~ 
., o • . - 

deft od., l ne s  te:'i 

box after ~a 15-minute,~ 

:It : Should ! : b e  

"not : i n ,  any ,.. vmy ~.indicat 

. @ 

~ O  

other swords, :it ~canl be 

is better ~than ~that~in 

less in the first~thanin<the:~ 

,A complete  -su m r:o  

Lake spillway :~is rec0rdedi~in't] 

~The ~constr.uctio: 

• modeluvas render ~the '~" • ' ~ " " ' - ~supervision~~ilof JJ~B, 

Engineors ~H.M. i,Martin ~ and ~L~R. 7Brooks ~v~o %7eric 

tion, and :J~M.::Bum,~eli and ~E.L. ~Po_nuzio who 

The :illus~rati oms~ used in ~this, report ~ : a ~  ithe i neo~ary ~offiee : com- 

putations v,,ore worked:up.by "Junior Engineers !iR.K . ..Vi0rck; :rA;H. Noal, 

B.~'. 3re~er," a~d .E.C. Parks° 
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