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• ", ' ,0':.. ~!~.: ~,~: .:,.,.,.: :'~ 

;),II. I.ilN~ODUCTION. ~i .. . . " :: ~?~ ; 

.The • ~~eeler iI~ 

Sho•s), wmoh :is :.;mo ats . . . . . . .  

..miles "upstream ::from".Flo: .7:i i .: _. 

cons truc ted by :the :Term, " ' ".:i ,:.: .S: i ; 

~rol, power.,iproduc%lon :c _ :~ i~: 

Tennossee 'River. 

The dam :~is .:of <.the gra~ ..i ., 

wlll be about:.50 :feet:hlgh, t6;i~ ' 

....... ... ..... ~. . - : .. . :. i!,.~:i;i 

an .lntesTal ;par.t. of 'i;the ;struot~e";a %2;~O0~foo,t ':' ~,;.; 

of discharglm~, a :maximum .fflocd ~0T,.:,650~ 000 ~seco~ 

reservel; -.~III ,;be~ ma'intginea -i~t :.:..'me~-tfon• !555 ~b~;isixty ~:.:~ inter :. ; .;: 

charge of ,three ~feet;lsl] ~, ../.:.::: 

reservoir olovatlcn ..of : 51 " ~.; 

:: . . . . . . . . . .  -~  i : { !  - 'd"  I 

plers .... :~d :'; "-"!: .which separate ~the :,gates ?are ~f.lve :ffegt:~?in ;:1~ickness 

~i serve as :anchors .,,es..~fcr~;~th:~",ga.%e...i-hingesi:. ?~e ~:s,~_,~.~ ..... ,. ,. 

~iiI .be provided;~fth.,a"~rash-~gate ~'near .............. .......... ..... ~ ...... ~ ~ '-,.each.:.end .:f~ .~.remo~In~ .:~.:....~ .:: ~.:: :j.-~= ,;: 

trash which .acc~ate~ :behind -s%h~ ~non-overflow :6ecZlons ).hnd ...:. :; i.%:;.ii~. :: .! 

• " ' " . '= , . ~ - " : ~  ~ ' , ' ,  . ':;'~/. ~ ~ c - - ; / " ~  . ' ~ :  ; '  :-!'  "~: , 

when full .wl, ll : be nbou~ ';85 :mi.le~ :ion@;~i,~h ,:a =.m~lmum ;.depth - ! 

• of 57 ,feet i:(.Reservolr ~lev~tlon :555) and ::a , eapac~ty ;of:approxl- !i 

mately 700,000 acre-feet, iFigare 2_shows-a Sec.~on.~nd iplan= 

of the structure. 

!0 



. . . .  ;~IN~ODUCTION. :;: . ' ' 

T h e = W h e e l e r ~ i D a m i ( i f ° r m e r l  " ?=' :~::•.: . i :: 

Shoals), which !is iccete~ in ':.the Tennessee}River,about ?'20 /: 

Te:~uossee i ~ i v e r .  ...... " i 

The dam :is :of".~the ~'gravity .'..type, :an~ ted, i 

will be about. 50 :feet 'high, ,6, ~50 7f~e~ii~ong ,. and ~wi:ll i:have :as 

an integral part of :the struc%ure ,a~.:2,7OO-foo,t~spillway :.ecpable 

of discharging a~maxinum:flocd of <650,000 ~The .,. 

reservoir ;will :be r.ai~tainod ' • 

gates, each forty feet :lor~ inndi~fo~teen~feetih~.gh, :~!A~sur- ~ " :~i!i! ~~ ~ ~i 

- ' " : '~' -~' : -. - . . . .  ~ ~,'i : :  ~: ~i:~.:i: : :,~ i!!  
c h a r g e  o f  ,%hree , f e e t  i s-  p r o v f d e d ~ f o r : _  ~i~iarEe : f l o o d s  ~ g i v i n g  ~in . . i :  i ~.II: ! ~:~: ~i  :~i'.~/! 

reservoir elovntion of.~GB:~foz ~ 

gntes.are fivo.feet in thickness and ~ : : ~ piers which sepnrate the ' ~ ~ • :'" .... ~' :~ 

will serve us anchorages fcr ~t~egate~hinges, ~The~s%ructure " " ::.!!~ 

~ill be provided with~a trash gate:near~ieach~end ~for ~rsmo~in~ ~.!~ 
i t 

trash which accumulotes ~behind !%he ~non-overflow~sec~ions ~and '~,'~ ~ 

~ill also be .equipped wlth~a navigation i;loek° ~The ~reservoi=, ~ i~ 
• ~ j - . 

when full, will :be abou~ 85. miles long ~Ith a maximum depth 

of 57 feet (Reservoir knevction~555) smd~a.capcc~tyof:approxi- 

~utely ?00,000 acre-feet. Figure2:shcwsa seetlon~end plan 

of tho structure. 
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The'~T=~mlh:~@6f ~thl s ; ~ e ~ ,  :~:for!,ii~whiCh~,frequen%:~refe~en~e. (~ 

was made "t° ~ H°us e ~ D°cumaut ~N°' ~3~8'i~Tls~'~D 0n'ee~ ': ~nd ~:Ses~i°n i i": i :i 

"Tennessee Rlver: and :.Trlbutarles,:~!NOr:th=i~..o~6iih~,~i.~:Tennesse.e~-,i::i:..~:.;: :. ~! 

A l a b a m a  and;Ken~cky,E,, : ~' .... ' , ~ ..... ~' " ":'~ ' - :~q m ~ ~' ~ .... : "::'r'"~" .... q : .'~ . ~ .... was developed dn ,;the ~Denver ~offlce ~of ~ ::~ / 
............... - :, _ ~ ~,,~ ::-~ ~ ,  

the Suroau o f  Recl~matlon. :,The v;followlng~is ;;Pe~.tlnent ~!data~i/Ob r ' " 

talned from theabove:mentlone~doc~Lt ~ ~ ........ ~ ~" ': ......... :~ -  ....... ~ :::!: :.: ~:!: .~% / 

Max:tmum re~orded : f l ood= : ;a t~F i6 rence , ;  -. :.": 

March ,  19,. ~1897=-,:4;65;O00is:eco~aSfee.i;.;., r . . 

. . . . . . . .  ~ v ' v W  

Bee ause -of '~ the "charac t'er,is tl c s.~! Of ':itho ~, ~Tneeie r 

slte, the problem,of~proteetion~against~s~ur<d~t.ithe ~ t o e - ; ~ s -  : - -  

o f  ma Jcr ~importanc o and i lt~ wns !prlmarll~for ~thel purpose ~of !~i :i! '~ ~;!~. . .< ~ i'~ 

dgtermlning -theemost effective .~md ;economlcal./formliiSbmt~imodml.~! ~ - '-. --~+;:: 

tests- were made.. Othor. problens~,enc.ountered.::..~nd ~solved ; .... ":- ~ 

model studies were .the ,: design of ~ . t h e  ~downstream~nose ~of'~t ";~- ~ " he. 

plers .to g i v e  better !hydraulic :condltlons On ~ithe ~.apron; :,and ~i.the ...... 

deslgn of the : intermediate :~tralnlng ~!wal.l.s ~.to . . . . . . . . . . . . . . .  " 

entlal pressures ~.t~t c~ght ~occur ~.when':i.the-. gates ,.were.-~.opera~ed~ 

Studl es were made ~on 'the ~erest -.to :.determine ~ a coeffi- 

cient curve, to obtain~a satlsfactory programTor ~operatlng 

the.gates, andto obtain a discharge "dlagram to be used by 

O 
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-Reclo~etlon :In ~:connectton ','w~,th'l:the ~'ad~ :.(Cle.i~1~.itu~';c4ad:'~:o:1~er '":: " ..... :. 

- d a m s ,  .the~pri 

~'have beon:~wor 

conditions ~at 

studies are -s 

forms ~that .~ar 

:.is ~t~e ;.best, " 

the ~field':,whl 

factory ,..c onditio~s ~'are 

'~.The ~prJ 

:ti:t~ed ~ ."..: 

No. ',I ) ; 

upon "the~relatlon 3 ~ox ~ axscnaxge, ...... ~. 

o f .  t h e  e l e v a t i o n  ~.-Cf:~tho ~ . t a t l w . a t e r  ~ S e l o w ~ t h c ~ d  ~ " _ ~, ""~. i~i!:~'~:' 

~.~i o n  ~ n e c e s s a r y .  ~.to ,~ , ~:!f0rm~.:on:t a ~ieveI~;i"~i I' ;/:: 

• apron.'-at ~.,the .-eleva ~, . ~" /. :!in ~!other -..i,~d~., ; - 

to ..the ~relative :position~of%~ho~,tail~nter ~ra~ing 

lump-forming!height-~.cu~Te, %for~aniiapron~.at~s~e~ . . . . . . . . .  ~ . , ~ , : ) i :  

.scour protectlon~ :The ~;tTpe ,:applicable ,~to -~he,~various ~relatlo~ 

o f  ".the ,. e l e v a ~ i  off  ~.of t h e  . : : t a i l w a t e r  ~ r a t i n g  c ~ r v o  : a ~ e  . - g i v e n  : o n .  

' P a g e  ::2 i :~ppendix .~I. 
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'~The ,:.charaeter~ 

standpoint <o:~ 

The c ondi'.tio~ 

slope :of ~the 

.tailwater -del 

.tions ~.are ~in~ 

-mater .-depth ::c 

'Dam to a eons~sait :.oleva~i0n i~Of ~505. :I:!I~S 

~,Whee 

char 

.The 

3) :f 

ther 

possible solutions -are: 

~overfal~ling stream ifar ~fr 

!~the ,.tailwater ~.l:ewol ~:by:.::~a 

below ~the, dam, ~nd i(~).~va _ _ _ 

A~better :~ agreement :~Of: 

,,f,., 

• ¸.'7/- " .' 

was ~obtalmed by ~ using ~l~foot/gc 

design ~wes--~l.~ered i:by :~aising ~&he~cres.t .~,ele~on ~.,s~x.Jfeet~:~Oi::::ii"i'~(: i, 

Elev,. ~5~..~mc .~provid~g .Zor,:a~'aisc~g~ ~r:7.00,~.O00 ~soc.on~4~ee'.t ..-,~,, ,, 

• spillway ,:of ~3,500 feet ,:w~s nee ess org. : .!Es~imat es. s h0w0d ~-~ha:.t ;- ~ 
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although the ~lower Eates ,required 'a.-;~lOnger ispi-~ay ~sec t ion ,  i ,  " 

and, ~herefore, n..greater:.length~of :pN~ection,'.:i.the;;aecrease":: .~i ?: : 
C ]  "~ " 

in  cost ,of ,  p r o t e c t i o n  per ~.foot ;!~or .~,the.ilo~r ~gQtes ;~most  ~en~ir.e" . . . . . . .  

ly offset 'the ~increased.length "amd;~resUlted~i~in '~practlcally..~!the ~.. " .. . .. 

same total cost on account.of .~l'ess:.severe~.scour ~.condi"~ibhs~re-~..- :..~ 

suiting ~nd ~the less ; depth of.ipool .required,. ~,~--, ~ ...... 

The principal~dimN~.sl ons ::required.?~for' certain !forms " .. 

of. prot ec tion ~may ibe ;i pr edicted ~f~ ";To ~.producs ~ a - ...;. 

suffi c i ent depth !.to. mnin ~in '~.tho ijJump.:.'onl,; an'~a pron~ at !~s~tro~n '~be'd. 

level for all:discharges ,.up ~..~o :,the;muxinum w, ould:ilhave~required 

a secondary~weir ~ith a~.crest.ilat:IElev.~:510, ;..Bolow'~thls..second, ~i .. ~,~' 

ary ~eir,-'.~thero would -be ..another~iproblem!of i.pro.tection, ::s Ince . . 

the jump-helght .; curve ;for ,.the:i'flOw(.over ".the~seco'ndary~welr;~is • 

nlso higher than :.the.. naturai"~i~lwalter -.ratlng.'c~rve. ! ~Figure i . . .., .. 

, xcavntlon~to placo~t~e ! 4 shows ~t .a depressed,pool ~formed 

npron at Elev. ,487 would ':produce,a !!,jump .~for.,,all;dischnrges:,up ..... • - 

to 700,000 second-feet . . . . . . . . .  .~, .... ~:~ 

As ~ the ~tailwater '~rating~curve ils ~imPor.tant :!in~;~deter- 

mining the action of '~,the ...stillin£ ;.poo!i ~ !i't"~waS..;construc.ted~ias ' "  . 

accurately as possible. :;U~ "Lie ;a-discharge~of J318; 000 ;second-  

f e e t ,  t h e  e leva t ion  ~.of .the ~ a l l ~ a t ~ r  was ~ based .uponobservat  ion 

.of actual floods. ~.e-.value .of .roughness ;:of ;the.rlver channel 

was computed-Trom the observed .:dischorge ~nd tho,channel size 

as determined by.surveys. The stages which would be reached 

- 1 1 -  
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f o r  discharges ~ o f  50O ;000 : ~  ~700,'000 ~ s e c e ~ C ~ e ~ t  ~were ~c o=putee. 

us lng those ,roughness , v a l u e s .  ~I :ds ~.be~ieved ~tha'% ~tHls:.method,,  : 

g ives  r e s u l t s  .~hich :are ~ s u f f i c i ' e n t l y ~ a c c U r a t e ~ o r  ~tho~,!,purpose. ~ ':' 

~ :~• . i ~ ,~.  : ! - ~ :  ~ . . . . . . .  , .  

T H. APP~A~. -~: ,,~: 

~ne exporlments ~for ~the ~design,~of ~tho iiDam , ~were 

conducted In the: b~vdrcullc ~:labor~tory ~Of'i~the ::Colo~ 
. . : • . ~, - . ~ .  ..'...,i,~:~. 

rural Experiment Station, ~:For.t ~i'Colllns,~ ~Colorado ~ (" 

l~yout of which, toge~er :with>the .!location i:oT :'thei:mo~el, :~ls ' .:~:.; 

~°:~: " " " ~ " " . . . . . . . .  " '!i.'~,~' i :~ 

shown-on Flgure;5. ,:. ~ • :.. -~ ~. ..... 

Tho flow, ~-of .war sr ifor"thc !mOaol,vmS ~ 

20o, OOO-gallon ..ras er.volr :~ab eve ..i.th6.Jlab 0ratory and ~v~s ,.dis charged 

by hand-operated zates .ilr~to a;divorglng '. ' ~ "  ~ ' '~' ...flume ~ and...thane o .:into 

a concre,e ~elr.cz,~ane1119~ ,feet .:long,.. . . . .... . .:--...•.':lO::ife°% :.wlde:. and ~7 ~ f e e t .  ' "" " " "" - " """" " •": ;"" ' i::i 

3 inches deep. : In .the ~:sfd~ -:of:~tkis ~channel, :.~I~ J;feetlltpstroam : " .... " 

from th~ welr ~s a/~by.p~s gate -and a;4-1nch:by-pass'~.v~lve. 

6mall ad jus tzents o f the :'dl sc harge ~ qunntity :': through 'the :~wefr 

were ma6e :by'varylng %hei"flo~ !%hr.ouw~ '~those . by-passes.. ~Tho " 

head ..on the ~woir .was observed i:by a"ihook .ga~e .~d ..a'"Corheil"~.~y.pe 

float gage. .The. gages ..were ;~located '.in a.:stll1:ing ~oi~I,.~!~9 :!inches . , 

by 24 inches, connected :to .the .weir .channel '.by .a .:.pipe, .-:.The Lwelr : 
. 

settlngs an8 welr are shown lnths :frontispiece. The -.odel 

discharge in the case of ~,e  Wheeler model was measured by two :~ 

-l~- .... " 
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'. ..... :'i. ,. • " 

different ~types of ~welrs <dep 

to be measure-d , , a n ~  ~the i.type, of ?experiment.~iin~:~progrgss. : }For :i:::! "-i' 

accurate, i but . when ~.expe~iments 'i.rec :.:;~: 
~ ! . t . , !  

as : i n - c a l i b r a t i o n  '~work, ; . t h e - ~ , 9 0 ; d e ~  . . .  ;_..;~ :..;...:,:-;, ;'::ili 

~From 'the "~welr, ~the .we g :!~po61 
/ - 

and thence into ~the.;~flume, ~..thrc ~the ~: ;:- 

~.,~ia,;;.flume ~ " " . . . . . . .  ' . . . .  " ~ ' model was constructe'd. .has.. e ~glass ~panel.,In one . . . .  

side to ~facilltate ~visual:!.tests :a~id i:pgr~i,t !:p~ he:!:i::i; ~ . . . .  i:~;~: 

head-.on ~he crest~was..regulated:~bY:;;~Tain~er.g ~tes~an'd~measure~'~':' - " ' : : .  

by -a float..gage ~eonnected ~o-an ,opening ~in .~: ;~,~ -: .~the - .. 
C; A 

three-foe t .flume, ~thr eo ;fee t .;upetrcam ,.from ~.the ,mo~el :.: ~ -~i~The "~;/.L -- 

tailwater was-regulated ~to"th ~at .... 

the discharge .send. )of the : t h r ~  . 
: " . ~  

tailwater was. measured~-by ~.a -!~__ _ ., ~_ : ~,~:,~ ~" 

in the center~ of ~e "flume at,,Ja .pos 

leered by ;the ~Jump or ; t h e - d r a ~ d o w n . ~ e v e r S t h e  itai~lwater :gate. 

Profiles of the water "surface iland a~.esion ~were ~measur.ed iby ~a : ": ;~;:~;';;~: 
• , -  . . . L ' , : . . .  . - .  ' ~  . . . . .  ?,,~ ~ ~ ' : ~ !  

• point gage, Plate I s~owsthe gates/:sn~-.<t~;.:of ~recarding~%;a1~ ' " ,'. :-!;[ !I~! 

paratus for setting the ~Tainter~:Eates~ :~L . . . - .  , . i ~ ! ?  . ~ ,  i . , :" i :  .... 

B. ::The Model • - .... ~ .... 
r ~ 

D~e to the excessive if:leith of ~the {dam and 'the 

,@ 
- l & -  
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I 

.z 

,.~ ~,~, ~:. ,. .. 

"quantity Of ";water ,reqUlr.ed;-:):~":]!e~ ~,:on ~e ~.,*kaUl~.. .<i,: ~.... 

scale :could mo,t-:be :.bu~lt.~ah~i.::-~oste~ ~ 

was not.deemed :noaessa~N:,i:h6wever,,., ;b. 
/ !~ ./, 

o f  t h e  . r i v e r  -bed ::be%~een'~bar~s,,,at.',th~ 

nature, of the ;%es%s.;required;..;There: 

on a scale ratio.of ~. ". ," ~ - ..1 ..36 ,, ..'~three. feet 
108 ::feet : of .ithe ~protot-ype":~-spf~lwaY ~w~ 

T 
j ". 

-.perfOrmed by ..the ::research~.iStaff.,.of..~tl 

similitude° ~,:.The '" .... " -relation.0f .~the ~dlme 
:.~:~.,.i:-.i ~ . 

of the model .and :'pr.o'totT.pe,.-:areiish'6~ - 

using the symbol iN :~te ~erores:s :~j.the .~sCa 

@ 

Linear iDimens ions • 

Head 

Veloci %y 

Irea 

Discharge 

Time 

NI,O 36: ., f : ( ~: 
k 

iN2 ."129610 !~ 

'.7,776 o i i "? 
; 'F? ' 

. N O . 5 ..6 i 0-: ..~ 

9. 

i 
c, 

I 

1 
? 
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Length, ft. 

Gross Spillway,~ft. 

Not Spillway, ft. 

v 

IPrototype ~,~Fd~i ~Mddel :' . 

!'6;336 . ~~ ~~176, . . .: : "-3 ;- 

Height, ft. , 5 0 .  

Gate Length, ~ft. 40 

Number of Gates , 6 0  

Fall, ft. ~:~ 74.' 

..... :?-'i .,i ,~ ":iii':i!~::;ii!:,~/i - - • 

~,i. 111 , ~- ~,i. 11.'1 , .  

':2" 3 9 0  ; :  : 

Velocity, f.p.s. ~69 ~" ~ 5 

Design Discharge, • • ....... : " , ~ ,  

Second-fee~ ,:, 6 5 0 , 0 0 0 :  '~': ~ : i~:i:, ~',:,; ,~, i~. _ : 

• o ,expedite ',tests ~on ~t,~.e ~Uesign:~of '~the:~st±;~in¢ ~poo1;;~ ;~:~ : /  

s o  as  n o t  t o  d e l a y ,  c o n s  ~ruc  t i o n  ;~ ' i~o-f ; irS~. :mOdel i~bui~t~  :~l.t}~:,h" ~;"~. ~' ::: ::.:" " : " / : '  

wooden understructure, covered width ~sheet.metal was ~use~i ~for: ; : "  

Tests I to 66, inclusive ~:' 

The section was :boltedi%o 'the floor ..of,~the three- 

foot flume, which has [been.#~revi'~bUsly '<used:~f0r isi~llar :models. 

The model was m~de wuter-ti~t ibysoldoringi:~the:.ic~ds~!.to ~t~he ~ : ~'.:i 

fltune li~i,~g. The ~ aprons ~nd ~ buckets :were :'.~"de ~of :galvanized 

iron to facilitate fastening the tbaso of %he~model",:~t0 ~he 

floor. Piers of :redv#ood were 'fastened :~to "the crest ~by screws 

through %he covering into the understructure: of -Lthe ,model, .... 

The gates were made of heavy.galvanized iron Tolled!to %he 

proper radius and placed in an arc-shaped groove~;in the ipiers. 

- 1 8 -  
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JAithough i%~ ~''~ ~~ :~'~ n~ :~.h~. ~m ',~as ~,chan~ed ,~from: .-.. !"::time 

to time during the :p, 

• me del, ,wi th :only '~he .... 

throughout. ~.The ~mos~ ~end~.0n fin ~thiS ~co 

di fference :in 

i • ,j :~ 

-\ 

too of ~the :Wheeler:~Dat 

~,the model :before ~making -:investigations ,~concornlng 

of the structure. -.: ...... ~ :~: . . . .  

Bec au~ e,. of :' Pr evious-i expori enC e .i width .~.% he:~i'~iS%or.~i on ' 

.of wooden models ~by ~swe '.llin~-- fr~ ~contact:~wi%n.~a%er., : ~ "  - :- -~" "" ~ " 'the:•~leas% : ~ ,~ 

~uount of wood .possible •':was :used •:in .i.the .:cons~ru c~i'°nii0f :~he: : i•. :.:i/, • ' : 

second model, w~ich ~,@as~used in ~Test~'67., .~w~s.~ ~:. , .... 

used in most cases., ~because., ~.whenlpro~ ms :. 

least affected by :moisture. \ I 

.The base of !the ~nodel "was :a if~amewdrk ~~0f ~f,XVe:!!~gle~: " ', .:: 

~iron bents :mounted on ~channel :iron ~and.~installod :An ~,% e,.. 

he .first mode pstre~.:undi:downs~r~eam / same manner as ~t ~ i. ~.The,u 

gaivanlzed:Jiron, . - ~  ,~ . . . . . .  e~.. : . . . . . . . .  of 

.The s c r e w s =  

~as :fastened ~ithscrews ~tc. the tops of '~he ~.ben%S ~. ' ~Sr~oo.%h :and ..:~ 

water-tight-joints between the crest .and .the :faces .were :m~de.".- 

by rabbeting the .crest ,and fastening the edges iof ~the ~galvan- 
L 

ized iron with sc~e~s into the •rabbet. :Piers were :also:made 

-19 - 



of redwood ~ and ,were~at_ 

Galvanized : ir on i Tainteri'~at es 

and :.supplied ' ~ " ~wlth ~hinge, 

~Grews . . . .  " . . . . .  

~ ~,~÷o~ ~a L-~'~ !~eadv if or ~ ~ . ~  , , ~ _ _ . ~ _  ~ _ . _  _ _ . _ ~ .  -~,. . . . . . .  • 
~len 

, " i ~ : .  ", : ' . '  ~ , ' , i  : ~ "~:-i~: ~' J ' ~ "  ~ , ~ !  , " ! :  • 

operation, it was :earefUlly~,~in'ished::'w~:th~Bmery" ~ -- ~~- ~ -~ '"---"and~i~ ~: -. ,,. ~-, .... . 

paper and painted~wl th: extra ~:bri~t :elumin~::paint~ ~to ~i~eia~nt/~ ! _  : '• ~ :'~:' 

exposed~metal ,surface, ~iswelling~ufiwood ~surfaces, ~, ~ :L rusting O~ 

and to improve-the photographic iqualfties. ~ " • 

The ,_des Ign, of ,the ~Wheel~r ils~ 

standpoint involved ~one ma~Jor ,problemi .... • : .... 

divisions. The ma:Jor :probla m~was'~t°~detcrmine !the~b°s~::~f°rm:i°f::: .:~i:}?, -~- :-~,~ 

stilling pool for ;dissipating/the ~,~vast ~amount:~Of:~'energY <con-.,::, . . : ,  : '  

talned in the overfalling.wu~er,,~Ithout:c~sing :damage:~:: t0:4~he:~ . i ' i : ; .  i : !  • 

dam or surroundings. The ,following ~is .:an routlino,.of (the ;pro- 

blems investigated :bY means of '.the :model: ~ : : 

A, Type of ScourPortection. 

(i) Four General Types. ....... 

• a. Shaping :the i:bueket ~to ~throw ',the over- 
falling stream a~ay :from ~the ~base of ~the :dam. 

b. iRaising ~the ~tail~a~er :level by a :secondary 

dam. 

.10 
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c. ~Deoponing!~the ipool ~bclow ~the ~dam. .. " .... 

ious forms l ofbaffl 

B. Intermediate Training Wall ~. .. • " 

(i) ~Differential • Pressures. ., ~ ~i ~ .~ ~ • ~ 

(2) Usefulness " : '~ • 

C. P i e r S ~ d i e s .  . . . . .  ~ , 

(1) Desi  i " 

D. ~ Crest Studies. , -i 

(i) Gate ~ 0perati:~.~Program. - ~_ ~. - 

(2) Dischargo~Coeffician~s. . ~ 

a.~FirstiModei. ' .... -~ 

r • 

b. ~Fin~l :design. 

(3) Discharge iDiagranm. 

a '. LAd J acent gates ~discharging. 

b.,-Adjacent gates ~ lfL not ,!dischnrging . " " 

The four ~.types::of~protection~for:Cnsc~Ii:condf.tio~.q . 

were all . tested end ~.in Jsome i. cases :.c0mblned in order-~:to :~improvo 
~ ~J • :ii 

the conditions in the-stilling~pool.~- ~.Many. ~aj0r!forms. .... ,er a-~ ", ~ ~ 

also tested with-a n~aber..of different :shal ...... 

For -.%he .-s.tudy :' per ta ini ~ .:to .. s c ~'protoc tion:, : gravel 

~as used to simulate .the .river bed downstroam:froz the apron• 

In provlous model studiesin ~tho laboratory, someconsiSer- 

orion has been Given this subject. Conclusions .were that ~the 

size of ~terial should depend upon the scale ratio of the 

O -21- 
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and.on ~the ~:caarac~erls~Ics~or- - ~  " ~ "  ~ :"~rme :river ~be~l,: .iij~e. ~a ." . .:.." model 

larger ~ material would :~be '.user :!for ,a: mo'ael ~~i~th ~:a.::iscale ':ratio:~. '. " " • ! 

of 1:20 %han one-with a ..atio,of-l.lO0 ~. i~Also"iiargerlma',terisl 

should '.be~ used when. the river, bed .,:was :;:solid.rock,-;the ;almas.de- 

pending upon !the degree ',of •~ hardness .', :-iNo Oflxad ~ratio'~has:,ibeon - :•': 

determined, but the :selection of~the.~size~and ~:char~c%eris~ics ~/:L~::': :£. 

of the material is lef.t ~.to'!the ,:,Judgment,of..~tho i.testing~engineer 

with the above only~ as -a. guide, iHowever, ~ilt ..:was.!k'ept::~in:Jmind.. ii:. 

that if~ satisfactory ~ condlti ons.,:could.~be 

representing a river bed, .composed ~:of .~looso :~material ~'such '.as.. ::- <~.- :- 

boulders and gravel, .a ~certain:~faetor<of~safety~was ~taken.~into ~- 

:of_~the!~Whee~[er_ __ __ _ ' " " ':' .... " " ~: account, ~ eSpeC i~y ~in c.nse . ~Dam~:site -,whor~ • ; ~-. . 

the river bed is presumably :.of.~:soli~d.~reck-~.th~a.i!lamim~ted.. ~::i :~ ~ .. 

horizontal strata ~fairly:well '.bonded ~togethmz. ~W±th ~a :scdle 

ratio of 1:36 for ~%he~model, ~a~grav@l~.contaiui~@some ifair.~:sized 
_ ) 

stones was used. !Even .with-,.the ~size~used, ~it ~is-~i,bolieved !to • 

give more severe conditions-;,than,,~,ll !,be .encounterod•~at'!tl~e ~/i''• : :: 
• .. , . . 

dam site. - 

The size.of 'the gravel-::~:~, obtained!by :~_ screen:an-..~:r 

alysis of a representative sample and"iis showniby %he:~followimg 

tabulf~tion: 

100% passed a 2-inch mesh; 98,7% a l-~--inch; 91.9% 
l 

a 1-inch; 81.8% a ,9--inch; 70% a i~.inch; 51% a 13/8- 

inch; 37% a No. 4; 28.2% a No. i0; 15.:1% a No. 20; 

@ ?.4% a No. 30; 3.6% a No. 40; i.~ ~ No. 50; 0.55% a 
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• : i / : . ' : : / / .  ~ " " : "  

N o .  ,•.80 ; ,:.01;:~1% ~ a ~ N o . . , i 0 0 , ~ .  a n d  0 .08~0" .  a ~ . N o ~ ; ~ 0 0 .  ~.:~ ,..i:~. i! : i  : , .  i~, , ! : ,  . ..: . :,- 

:i/~ch"test'was/glvoni/a:nt~5Or./;~hiehi:i.was : :chr  h 6 1 ; ~ : ~ -  ':, ) ,,.,, 

c a l  ; I n :  n a t u r e ,  " a s  ..vn "~:~:~'/:: I ' ~  ~,.~ 
. .  ' , < \ : ;  

a -e ter..iso,.o~ch: 

g r a p h s  . the  n u m b e r '  v a s  ' s u c h  ~ t h a t  ' i ' t  c c o d l d ~ b o ~ a s s O d l a t  i'd " ' ' ~  " ! ='  

its proper ,tes:t ' a n d  : r ~ n .  ,:A ~pictuz ' n t t m b e r  . ( I ~ A - ~ . ,  " " " ''~' '" . , i s  " '  ~::,.,.,:, . . . .  ": ' 

:interpreted as';Test or Set-up:!l, ~-Pi:et~ ~ =i' . " ;In..each 
" . . . . .  ~ . . .  ' .  ~ ;- " , ' -  : • " , . , L ,  . .  , -  . : .  . . : :  

pl c ture the'. number ,was .~ plac ed ,/where :i,t~ could'~ n o ~  dn.terfere ::with 

the~photo~raphy. - . - . , . - .  - ~ : .  . . . .  ,,-~,, :~...:-: . . . .  

! During, :,the ~ per iod ~iof:,-~testimg ~severai ~ra~di cdl ~chauges , ,, 

i n  design~:were..madoLby::the ~design:.Offi'c " . .  

- t o  c l a r i f y  ' t h i s  : - r e p o r . ~  < . t h a t  ~:,t~o .'. f 0 1 1 0 w ~ n g " ~ . ~ b l o ,  ~ h l c h  ~,'m, ~ : ~  , t l l m e  s • ": ~.i: • .  

the design c o n : d l t i o n s , " ~ w a s ~ p r e p a r e d , : : i  : / '  . . . . . .  ..... :.!i: :- : :..:.. !'• ~;": • " . . :• ' (:::. :...: i : :  : /  i:/:":~!:(!~:~i:~"~ i.~ / : :  :i::: . . . . . . .  .: :::/..-. • 

IDes i~n ~0 ondl tions, 
: . : , : : .  ~ , .  - , , ' : ~ " - .  : - :  ~ -  " :  ! ' . . : : i  ~ -~.,, 

Cond. : Max. ,'~x. ~ ~::- 
No. Di-sch. i Crest U¢~'~.:S. 
• Sec-ft. I~EIev-- iElev. 

1 700,000 

'~2 '~700,000 

3 700 , 0 0 0  

4 733 i 000 

:5  6 5 0 , 0 0 0  

"6 ~0,~0 

. . . . .  R i  ¸ : : ' I  ~ ' : ' . ' : , :~ ~ i .  '~ :~, " : , "  ":':~: . : . . , '  : ~" , i / ' , ~ : ,  - , " "  .'" • . . . . . .  "~ - " 
. 

- . 5 ~ t  ~ 5 5 7  ~ : -.-: . ! 5 5  5 i i:.:: "~:~:i6 .... ;,.-865.:..~:-27 :~& ;:28 ~.)~)/i 

5 4 1  ~ 5 5 7  " ' / ; 5 5 5  = ' ' 4 :~:: " . . . .  " . • :~I ." . , 3 0 0 0 - Z 8 9 - 3 2  

5 4 1  ? . ' .  : 5 5 5  ' : , ?  "i ' ~ - 8 8 0  ''~33,~,,&,34~' " 

541 :'558 : 555 t17 a2400 : 35-81 : 

. - 2 3 -  
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the p e r i o d o f  ,~ tes t i ng iand :~ :a l~heugh i !eaeh  ~ i s E g i v e n : i i n : , ~ d e t a l i l ~ o n  . ~, . : : '  

ensuing, figures, 'the ;re'~ord ~is :not :c( 

text the following o ' ...... ' " ' • . utline :was ,prepared.. - 

Test/No..~l:~,.~Desi~n~Con-di-.tion:~No.-:!l. :" :: ....... 

Set-up: 'Level !Depressed./Apron~at - :: i.~. /:: . ~ ~-. 

Various " ' . . . . .  • . . . .  " " '" " ,pool :~lengths ~w£~th ~end ~¢ 

slope to E l e v a ~ l o n : 4 9 8  ~; (F igure  !6, !,:Tes,ti~ii~):.::ii.:S ~::::: ' / : : ,  :i:~::i'-: " " i:.:; /::/::,. :. -..-,, 

Thepurpose ,.:of m,.this Ltes% was:ito~determlne .~.the :~length ~: .:/. :. :/. 

of-pool necessary .~to.!'form:a i'sa.~£sfactory.:~Jump ;on"tthe~~ron.. " i. -I 

The esults .. ShOW ..a~ minimum ~!ength .~i0f:~pool .~:as~w~1 ::A~. . 

d pth : is :requlred:to :i '0m 

though-~thls ::.design ~was ,~satisfactory:~~ihelst~dp01ht.~.0T . . .  ..::.., 

hydraulics ~:and erosion, ~It-,was :i.not:~roco~ended .!:because~.i:of :~the " ' ."- ~: - 

u n d e s i r a b l y . d e e p  ~ excavation~necessaryjia~:::i,thd ~ toe~of  { t h e  ~'dam ° " .:/ -: ' 

and the excessive q u a n t i t y  ~ O f i e x c a v a , t e d ~ t a r i a l ; ~  " - ,. :. 

: T e s t ~ N o .  ~-2.- i D e s i ~ i : C o n d i t i o n : i , N o .  : i f '  : : ': -~ -:: !~ 

Set-up: Level Depressed .Apron.!a,t.:~Elevation.,:4B~ ~wi~.th ::the :- " ...... ~ ' " 

Rehb ock :Dentated Sill i (~igu.re ~:6, !,Test~2), =: .... . 

The purpose, of.!.thls :~.test ~was to determlne-~:the ::most -. ~ 

satisfactory position Of the~sill.-~The deslgn:condi~ion:was 

changed before the ~test.~was .finished, 

Test No. 3- Desi~ CondltlonNo. 2. 

Set-up: Level:Depressed:Apron~at E l e v a t i o n . . 4 9 0 .  Three Sri- 

angu]ur sills:sugges~ed byMr. Savage (Fig. 6, Test 3). 
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. T h e ~ , r p o s e ~ : o l  ~ , ~ i s  }:test~was?to::determine...the,effee.t- . - 

of the,. s ills on ..the iijump,:..;:ALthou~h !:~he".'~:'sil~s:~ai'dea.~.iZl i~the ~'re-.:: .:: ~ ", :~ 

tardation ~-"of :.the:.water, -:.their ~~actio: ~. -. ,,- .',.::v: 

low a reduc tionlln~po61 '~depthJ ~ ~ ~-'°"~ ~ 

to lower the apron~to,.~produce ,~ 

Set-up: 

?Test]No." • ~ 

~ L e v e l '  D e p r e s s e d . ~ A p r o n  ; a t  ~ E l e v . > 4 ~ O , ~ w i t h .  R e h b o c k  • ~ .  , / , i  

:Dentate& Sill ~:~at ~Various,~Pos~,tlons- .-~. ('Fig. ~ ~, ~Tes ~4,). )".; 

.The purpose ~:of. ~.!this i~,t es.t~:ws ~,the posi- .:~ - 
• .. . . , : . . , .... ,, . . -,~,; .:~ . • ...... , . - .~. 

tion, of the <sill'::•t0. give.:-.satisfactory: :conditi0ns;,' an~di~;to !:'deter -' ' :- :' 

mine ,: i f  the, po01 .:depth'~:~s L:isaff~:ci~t" " :•' 

_-The ~.test : proved tthat ! the."S ill ~nece~_ _ • .. .-,. ~.:.~..-.~. ~-.: .... 

ably/less .excavation,/but-tthat tthe :isill~'depehd6d :~largely.~upon _. ,:':- 
"~_ ; ~ •  ' ;.: ..~ :i. 

direct ~impact ~for iits action. ~ ~Itwas ~Indi, cated,:also ~that ~,a " ~ ,. 

slightly~!:de0p er •pool would ~ improve ~.,t he i~c 0nditions Lat ~,the :/:)/~ 
!' 

discharges. 

',,Test!'N0., ~.5 ~-~.Desi6n:Condltion~No-~2, .. " - ...... 

Set-up: ~ Level.~Apron~: ~ 

, Same~purposo~,as ~in~Test'~3.- , : 

sam St e-: r e s u _ l t s  ~ a s : t i n " ! , T e  • 3 .  -- 
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2 . - .  : . ' , :  " . . . . . . .  , - .  

T e s t i N o .  ,, D e s l  ' ' : ~  : ' " : :  

:~: , .  . . . .  . , . - ~  ~ : ; ~ , . . . , , .  - - , . .  ~ ~'~!!, 

Set-up: Level~.Apron~:.at::,@lev,.~:~4@8.~,with~RehbockiDen%ate'd/Sill::; -" ::,,., 

at : -  : i  

The purpose of =this ~Jtest~:.was-t ~ "~"~.i:: ~ ':' : ~ '~ > -i. ., ,~ o=.determlne ;if .,..the : .... . 

pool depth, as 'sufflcient.',.to':obtaSndsatisfactory,actton~=with ~": 

sills ~-at various posi%ions. ": .... , ::i 
o 

The test. showed ! that '~.the~:apronx was~not?:sufflc iently 

low. 

'~Test ~ No ~7 --~Desi~n<.oondltion~No. ~:2. : ::' :~<s~~ ~:"=:"': 

Set-up: Level Apron :a t:!:Elev :~and 

Triangular. Sill ~. (Figure:::6, :~Test~.7 ) . .... 

The purpose : of ' this .~testiwas".;t6.)~determlne ~:,the-~tail-: i..::. 

water elevation required below ~the:secondary;:dam~.andtto ~deter-~, 

mine the action of the::secondary~!~dam, ':: .::i,::. :.~'. ,:.i.::' : ::.. :/:.,.i:iJ '"~:-" 

The t es t showed ',that ~the :i.s econdaryi:-apron :.w0Ul'd!:have . :"- : "  :". ~ -' ~'~ 

to be lowered s lightly or,a :third:i'dam~built ::.to 2form,~!a ~po01 '~.. i '~ • - 

below the secondary dam. " :::: ' •: '~ ~" ~ ~: 

This set-up ...was : not ~ recmmnend~d!: because ~:of ::,the :~.ini:tial 

cost and because iit~:would~:.offer./!difficul~y~:in0:construction .... _ .~ 

@ -~7- 



Sat-up: 

~ Tes t~ NO. ~8 ~- ~Des1~n <Condi,ti0n?N6. :~2~ ~, ...... ii ." 

Slop ing,~Apr on i at~Elev. ~490 ~wl thli:an ~182foo t ii!radi us L ~ :! ! 

bucket; 411 : Slope ::andf:a ~,triang~ar i::sill/{ (Fig. ~ ~,6, i 

The purpose, of::~this:!;t~ he ~Propar ii;: 

elevation.'of the apron ~t0;~:give::~!'s s. " :- '~': " 

:/sh theiap : : go di! The -~tes t owed t that :?  ron:  p r o d u c  ed ~ od.~-con 

tions if,lowered:sllghtly. " 
/. 

@ 

deep an excavation at thei~toe~of i!tho ! aam ~ 

Set-up: Same as in'Te~ m0ved • ~ 

he o n d i o f , t h e i m p r o  .~"! "~... '  : i ~  

The tes t •proved ~that ,~:a ~s ill i=educedi~consi!derably &the 

length of~ apron ~required ~!f0r~ ~ ,,conditions. 

Set-up: Deflecting ~gucket with'::20.V-foo£::~radius:,i~i."a~9-foot :~ : " 
. ..... [ 

horizontal lip ,at Elev. ::495.5 ~i (Fig.~:6, !i,Teslt !!I0); ~ • 
.,4 

The purpose ~:of <,this ~,test :'.was :to :determine ~the :;~elava- 

tlon of the bucketrequ!red,~to~gi,ve~best:resultsvwlth~ ~normal 

tailwater condltioms. 

The teat showed unstable conditions and excessive 

erosion near the dam. 
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Set-up: 

,Test,No. ...... " '~ ..... ~ " " "" ..... " " ~ " ' ~ ~ ~ ' .!ii .... Design ~ CondOr Ion.. No, .2... - : 

Set-up: 

. Test ;'.No. ;712-- ' Deslgn::~Oondltion:, No,. ::-. : x " ::"'' : :";~'r~::': }'=';~'~ 

Same as :Test :~ii, ~except ~radius ::of !bucket ;~18 ;feet~with, ' -~' ;-~ 

lip on:q:l]-slope~Lto,~Elev; ~ ,~497~,;8t .. ..... ,,~ : ~ 

® 

deeper and ;~farther ~: downstream. 

Set-up: 

downs tr earn. 

Set-up: 

downs tream 

• Test ~ Nq: ~.13 ~I- .!Design ~Condi-tion ~No..~2. j ii~ i, L ~ ;.;.~ 

Same ~as Test ~ii, excel 

~lip onl 5 :l~;slope i to ~Elev. i i499 ~(Fig, :~i16, ~ / ;]: i  

Same purpose as :in'~Tes~i~10. : ~ ~ : 

same results ~as !in ~Test-Jl2 ~exeept ~erosion :iis ~far~her i 

• Sam 
[ 

wi th • llp ~on, 2~4: i slope ~to ~Elev. ~ B04 ~ (Fig. ~'<6 , '~!Test ~14 )/~ ~i ~ 

Same purpose .as ~In 'LTest ~i0. • ; • . ~ • 

Same results as iin:.Test i~13 .Lexcept ~erosion :~is ~.farther ' / ~ ~ 

-~9- 
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would give eat isfme~ory <condlt ions -. wi. th ~normal .tailwater. 

i ill ̧ .... ; i: i 'i . ~ :~  

,~ . ) " 

Set-up: :Same-as .Test i]3,:'iex~ep~t~'ttra"Je0tory, .'~apron ~ ~/' ": 

ext ended ~ downs.tream ~ llp ~, (~,] ~ "~ 

The purpose ::o'f~.th s i~test.~was'~:~to rs.t~b'~ze ~. cona1.~1or~ ~. 

in the.bucket. , ~ ~,-~. -/.:.!,:~ -.. ~. ./( i: - " "~ ., ~i 

• . - J '  *-=u-~z'9 .conal.~lons ~were.~stat i- 

lized, ~.but thats.the ,ijet clung.~itO~the~:apron./~ud~ " j • i: 
:deep erosion 

occurred at " e n d ~  f . . . .  - : ~ . . . . . . . . .  ~ ..... :-, . . ,  " ~-, -o apron, ~,.A~satisfac~ory,~condltion-:~wes ob- :~ 

.rained. by 'lowering :the .;apron, ~but ! a~ain (deep/.excavation was 

required near the ~too ~.,of ~the':~'dam, " :. . •. - - --~ ./!': ..... 

Test ;No, ~.16:.~- ~Dosi~n !,C on di~tiOn i!No. ~2 ~ 

:Set-up: Sameas~Test!~lS,,~ezcept'.~tria~ular:sill~st:iond.of ,i !!!"" ~ 

a p r o n , . { F i ~ u r e  . . 7 ~ , - . T e s t  16 ) . . .  ~ -  ~ .~:  - - ~ .  ~ "~ : !..  . 

Tho :purpose.(;of :this ~test:-was ~itO~J/reduce ,eros : ' " ';" "' .i!i 

o f  apron.from ~.tnat ' ' "  : . . . .  . . . .  " " ~ ;.i:::'~/~"~.i: ~ /~ :~/ .,in,:Tes~ ::15...., ~ ~ • ~ " 

The •test showed.~that ~ '~! " '~ !ii ~:eros.ion~:was .~sllghtly i~ i~ ~l - ~"~ 

.Test : N o .  .~17 ,,-!Desig~?!Condl.ti.on ~No~: -~ . : : i l . -  ; ~  ~! !~i'):),:.!~ ~ - ~(~i -~ 

Sot-up-' m i o p r o s t r 0 y  iltype ~bucke~;i~.Ith i l 2 : 5 - f o 0 t : ~ r s d { u s , ~ a n d  a :~ ~' . . . .  ' . . . .  ' 

g-foot lip :on a ~!i~28 :I ~slope~.to ~Elev..'495 ~ ~'i~ ~ '! :"~ 

Test 17) " :~ '"~ 

Th~ purpose :;of ~.this ~tes.t~:was ~:t0./de~ermino. ~-whether"~ithe~ ~ ' - i  : :!):~!!i 

s e t - u p  w o u l d  b e  s a t i s f a c t o r y , -  ~ :and, : .~ l • f :  s o  , : a t  .wh~. t  e l e v a t i o n  l . t  ~-~'~ / " ~':' 
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The ~tes t showed ~mlnimum ~ erosion ,. enid ~sat'isfsctory~ ~ 
i i~  'J/ '  • ~: ~ ' ~ . .~ : : ' i  " 

conditions, i however, Ldeep ,~exeavmti~on-~at ithe ~itoe::of,"ithe ,damiwas 

still required. " ,. 

Test ;No. )iB.-~Desi~n Condi~ion [No. [2./i . . . .  ,~ 

Set-up: Same as Test [i17, ~exoept;~for~;curved :~apron'~extende'd J~own- ,:~ 

stream :from bucket ]lip:!(~igure i~Test'~lS) I, :~/ ~ • i 

The purpose 6f.~,this'~]~test.~Was~i!tO reduce~-the!!roughness ~ ~ " ~"~~"""~"~ 

of the tailwater:,surface. . . .- ..... • : ,:~]~.].:i ..... "'~ 

The :test showed ~that '~:bad:=.condi~tions .iwere dntensifded.. ~ "~ "=:~:~"~~i~"' 

Test "No. ~19 .... ~Desi~n(Condl tion~N0',~2, ~' 

Set-up : ':Level • depressed .apron~ati~Elev, :~4901:wi~,th ~.three:3-foot . . . . .  _ :~ 

triangular sills ~on ~ apron ((Figure ~7,, LiTest 'i19). - i ~. ~ :ii! 

,Same purpose as )in~i.Test:~3. . ,- . ~. . 

:Same:resultsas/iin~'Test~3. " : .~,( ,~.. ':~ .... i /  

S e t - u p :  Same  a s  : i n . T e s t  :19 ~ e x c e p t ~ ( 2 ~ f o o t . i s f l l s  ! ( F i ~ . / . 7 , , - "  " ~ 

Test 20) -"~ 

Same ipurpose as In~,Test ;.3;- i . , 

Same results as!in Test :3. " : 

Test No. ::21 -- "~Desi~n ~ Cgndltion ~No,;2. 

Set-up: . S a m e  as Test 19, excop~,sills ~1~, 3,and~4~,feet'high '. : 

( F i g u r e  ?, Test :21}.. 

Same purpose as in Test 3. 

Same results as in Test 3. 

@ - 3 2 -  
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Set-up: 

. b ~ ' "  

~Test : No. :: 22-- .Design. Condition ,No, ~. 2. . : . 

.Same as Test :21, .excePt, 4~-foot :sill ::removed il(Figure 

7, Test 122) . . . .  

.... ! - ,:.. 

Same purpose as:iln~..Test.13. 

. Same results -as ::In~?Test :3. .- 
-5--:, . - ~, :: .... .... •!! ': : : 

Test~No. ;.23~-':Desi~n~:Condition~No. ::2":- .... ,, '. -..~ " " 

Set-up: S~ne as Test 22, :,:except~:sills-2g.~and,3:~feet!hi~h ;:and : : 
- :.,, . .' 

closer spac ing :. (Figure'°.7,,, .!~Test ~.23}, 
f ~ 

Samoa purpose .'.as .!in.%To's~ ] 3 .  " " 

Same results as-,In',Test:3. ' " . . :"-•~:;: ": " . :. • 

Test No, 24::,iDesi6n;'Condition!:No , . : . . . . .  

S e t - u p :  Same  a s : T e s t " 2 3 ,  ! .ex o p t  . t r a , l e c t o r y : . s h a p o  . b e t w e e n  s l t l s  . . . .  

(Figure :7, ':.Test-24) ..,:.ii : • . . . .  ~ . 

, - : . : . , : 2 .  ~ ' : -  . 

Tho purpose -, of '~this ~.test :.was .~to :make ~tho ~socond ?Si1:l ':): 

more active. " ~ '~- 

T h e  -%es t ,~ showed.~  n o  :. d i f f  e r . enc  e ':in :.'.the , a c . t i  o n  , o  f "the 

s i l l s  . . . .  . .  : ,  . . .  . 

.Test .-No. : 25 !; iDesi6n ~: Condition ?No..2.." " " ::~ : .... 

. < !:,. 

Set-up : Same as : .Test :: 24 ; :.:except _~raJectory :shape shot, toned ..... 

{Figure • 7, : Test 25). " 

Same purpose as in"Test :.24. 

Same results as inTest:24. 
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Set-up: 

Test :No. : 26 ~-_[Desi6m Con'dftion. ?No, x2 . . . . . .  ~. . ....... 

Deflecting :type :~bucketiwlth~horizontaliiaP roniat' ' : T "  . : .  ,- . . ~ ,.!~ = ' 

@ 

The purpose ofthis ~,teSt:~was:~t0;study;;the:acti0n :of ~i~ ~:':~ 

this type sill and to .detormlne ~its :feasibillty. • 

The test showed ~.that this .:sill ~:offored ~some re 

in excavation -and. aided i:in ~the ~formation ,of ~the ~_ _ _ :/ 

mot enough to balance ~:~the/cost of ~the-}sill. :~Thls :sill ~had ,::~-i, ~. 

the advantage in :~that)It :' did' not ; depend ,upon direct ,~impact ' • 

for its action. ~ i '~ . ~  ::---:-.i.~,:• " " 

Test ~No. : 27 ~:-'?iDesi~n Condition VNo. :3..' L, '~ ::.~:..~ .-.:. 

T m 

m m 

Set-up: .,An iS-foot,~radius-:bucket ~with,,4:l~sloping oapron.to . 

-Elev..487 with a3-foot-itrlangular-:sill ate-end ~ " 

(-Figure :,,7,, :Test ,~27),. . . . . . . . .  

The purpose, of '.this .test :,~as .to ,istudy ithe ,..action '~of .... 

the sloping apron in ~relation-.ito ,:the~formation-Jof :the/hydran- 
t. T'i 

lic Jump. ::: : -)~ -:: 

,The test showed ~that, .:iwh~le ~.cond~ions ~were ,.not ~,as ; 

good as ~deslred, there :was ~,~a :posslbili.ty of ~:obtaining an '~im-. 

provement by lowerlng~he apron. 

@ -34- 
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. ~ n d i : t i o n N o ,  ~3, • 

:Set-up : 'An/18-foot radius ~bucke'~<V~th ~511 sl;oPing,:iapron ~.t6 /i~;:' 

,11ev, 487.,5; !breakerqbloeks ;and 3-foot:gi~1 ~Z, 

Test 28). - : : ,i . . . .  :; 

' The .purpose ,,of "~thia~ttest.;:.was/<t0.Simprove :~conditions, . ,.. ,. 

The ~test showed :'insuf£icient :~mPr0Vement:: ;' 

Test No.,'~9,"iDe~si~n ~Condition~No. ,,4.",-- -: -",: 

Set-up: Same as Test 28, (Figure <~Z, '.:Test, 9)/, 2:/i~':,- 

Same purpose. as :in :,Tee t :28. 
, • i: . , ' , : x . . . .  " . 

Same results ,as .in'Test 28. 

Tee t 'No. ! 30 ~- ?DeSign :: Condi,ti on No. 4-. 

S e t - u p :  ,Same a s  T e s t ~ 2 7 ~ .  / ~ i } , - , " ; ' °< :  " ' 

:Same purpose :as)in Test ~27.. 
L . . . . 

Same results ,as in 'Test ~:27,, ~ -- 

' • , L _  

Test .No., 31 ~-~Desi~n iCondition!N0.<4. " "' ~: ..i: 

Set,up : A 27-foot radiu s ~bucket ,,wi'th 4:1 ,sloping :apron :~6' 

E l e v . , • 4 8 7  x a n d  : 3 . ; f o o t  , t r a p e z o i d a l  s i l l .  , , R o c k  ;on  
- ' 4  

3:1 slope .from top-of sill ito :}Elew. 498 i(,Fig,~.7, 

Test 31) " 

T h e  p u r p o s e  . o f  t h i s  t e s t  w a s  ' t o  : f u r t h e r  • d e v e l o p  t h e  

possibilities of the sloping apron• 

-35- 



.~ i ~ . ,,:,. - 

.The .test ~showed~isome ~improvemont, ~but if:indications were i~ 
that if the apron .,were lowered; ~better:/condi.tlons.would resul~"i.:~ .~ 

" ~ : ~: . . . . . .  ...~ : :%":.: ~.: ~i: ' ' 

Set-up: Same as~.Test:31.; ':.. " :: 

The purpose of this :tes; . . . .  " • • ' • was ::,to .,determine:.!a coeffic:ient ~:: 

curve for -the first:model ~(wooden '~understruct~e')~:, .' ." .... ' .... -:: 

Te,s,,  33  Das  sn : !? : 

(0bsolete due• %o ,inf.0~fon Trom ~:.%he design ~office"./.. ~ . • : 

being inc~npletQ). ~ 

Test No. 34 --..Desi~n<Co.ndi.tion ;No, ~5..... .~..... 

@ 

Set-up: 

eient at maximumdischarge. 

Test No. 35 - Design___ Condftion- ~No:.-~6._ -- - • 

Apron with 4:1 slope tangent {at iupper~end ~of:~27-: .... i i ..... :_ 

fooz radius and at lower end/.tol8~f0ot radius, 

Horizontal apron, at ~Elev.. :485. O, 

slope to Elev. 488,0 :and ::%oPi:width.of •3 fe6t. -::: ! ! : 

Rock on 3 :l~slope to iElevatlon 498 ~(Fig. :Z, ~Tes~ ~35,),. 
Same purpose as in Tes.%-31.- ~ --~ " 
The test showed that '~he ,depth~:.of.~pool,was ~ 1.nsuffi., :. : 

@ •-36- 



@ 

Set-up: 

fl +.Test ;No. , 3 5  -YDesign jOon~i~.~lon~Nor., i6..:: 
.j+ 

:+Same as +.TeSt,.35 

- 4 9 0  and ~top .width !of-:4•:i~'e~t~((.Eig~e!~,,L,++LTesti.~36~)i~:"!~.:ii.:i) ••. 
": / i i ' ,  ,~? 

:::Same ;. pur~pos e ' . , 'as ~ in '~Test :i31, 

The 

conditions. 
i + 

Set-up: 

@ 

LThe ~test ~showOd ~rb'sullts - 

Test 3 5 .  - ' + + ~ ~ +  " : ~ ' ~ -  ' '  - . ~ "  

+ . T e s t  N o .  • 38 ." ~l)gsi++condition+i+No., +6,#:+, + .i +i: :+ • •: + ' '  . . . . . . .  : 
++ m ~ -- + + + . + ¢ ++ + + ~ 1+ 1+I ++++ + m I,++++~++ + I j + +  ~" ~j~+~ i I +" ~+~ ++I+I+ r l+j + 

S e t - u p :  , S a m e  + a s  : T e s t  , 3 6 , e x c e p t  iwi~+h++ ; : : + + : '  + " + : ! + " + + " '  ; " • :+ i +- 

+Elev..484.0. Sill ",~i~th i& .+,~ 
H + 

+top width :of l~ :feet (~(Figure '~7., LTest 

:Same ;purpose ,as i ~ n  ; T e s . t  , 3 1 .  jlrk~ ~t':#" j[<:~+j ' " . . . . .  ~ +t " ~ ++ 

. . . . .  . j  . . . ' + +  • ~ . " 

The ,+test +showed +sat-i++ac+ory,:condi++onS~::a:++++ail':+flow+: i : : , .  

below 650,000 second-feet:. With:s-,Lrlis+hargb++of%+650;+OOO,.~seco~, m 

fee t, the tailwater ~was baroly++deep+enough ~to ~+cahse~,the i:hydrau, + ,  + '-',~ 

lic jump to form. +This ~design ~was ;+tenta+ti.velY recommended +-as ,_ ~-i 
. + . .  

a general type ~of scour protection subject tO ~;fur%her develop' • 

~e~t. 
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~ame as ~,T~ 

The purp~  

water elovat~ 

The 

- S e t - u p :  

Set-up: 

for Tainter ~:~ 

Set-up: S~m~ 

S a m e  p u r p o s e  :, s ~ i n  ' , T e s t  :40..'~,-. ~ ~ . ~ : , .  :..: -.~ ~ . ~.~,, : . . ~  :/~-"~~ 

Same ~purpose,as :inTe'st:-40.~: : :"":  " ~ ~ : " 
. t . . . . .  . ' .  : .  " 

Set-up: .Same as -~Test :~40, .. . . . .  :.~_.:,: 

Same :purpose -as 'in Test 40.~ ~ : ....... " : ..... :/ ~ :!., !:i!~:,~ 

T h e s e  t e s t  ~ n u m b o r s  :~were e a r m a r k e d  T o r " h d d i ' t i O n a l :  ~: " " ~  

calibration tests similar ~to Tests-40 ~to 43 inclusive. : : . . :  

Before they could be made, however, the first mc~elwas :re- 

meted. Similar tests were made on ,~he final model. 

@ - Z e -  
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Sot-up: 

'Tos~ ~No. '48- iDosign;Condi!tion iNo. ~6. , i ~ i ~/i 

, H o r t  z0nt~,l ~cipr( .. 

. to  E l e '  • ' ~  

slope ~to~Elev. 

@ 

/f 

particularly , w i  th a ~ f l o w  ~of  ~65Q;000 : . J s e c o n d - : f e e t  ' " -' . 

,The ;test sho~od th~,,t ~conC.:i~tions "were 

proved but the oxcavationi!:r~aUirQd ~at ~h~i~too ;of ~the dam:iwas 

too deep to meet the Te~ulremsnts ~0f~;tho 

Set-up: 

L. • -., 

S a m e  a s  ,Tes' : :buCket> : ,  I::•LI:. : : "  . . . . . . . . .  :: 

as satisfactory ~as !in Test •48, ~they~were ~superior ,to ~ithose in 

Test 38, and ~therequlrements ~of the~deslgn ~offiQe ~as .t0 ,found. i 

:ation conditions ;were satisfied. The '.V,7,.~6-foot :radius !bucket : ~ 

with ~8:1 sloping apron ,andihorizon~l iapr0n~at }Ele~. 484.0 ~,was 

adopted as .the final 'design with :the .si.l,l lay-out s~ill subSect 

_ • . . 

to change. 

I~@ -39- 
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06n~di!t±on ~No. ;6 " : " .~..Test , ! N o . .  : 5 0  ;.-;.-'Des'IRn C ~ ' " . " . . . . . . .  . . . 

Set-up: Apron 'wlth,:~ :~l°slope !tangemt ~at ~upper ~endi~!tO/27,fOo.t,i.: i~ 

radius, and ~:at ;lower end ",to ile-foot ;radius. iHor'i- • :: 

:zontal,.apron,.at v ~ • . . . . . .  ; ~ ,~ ~. ~ ..... - ~ " • Ele . 484,,;pa~oment,on l.,l.~slope .from .... .: 

...... . ........ :/ ,- : , ~ :~'; ... :, ; ..... , , . ., ~•. ~iii~~-%::• ~ .:end of ,apron ;to i-Elev. 498 ~(~ig,.:B,i!,Test ~ 5 0 ) ; ,  . . . .  

/• 

The ;purpose :,6T <this ".testh~ ~thb ~:feas': ; :k ,i ~i< • ..... 

ibili.ty of ,paving • " : .......... ~ ~ .... ' ........ ' " • the.,ro ck .. axeava ti on .,.a t ~t he ~ d owns ~ream ,"end :of: ,., :,'" • :': ~;", 

,cons' ting !a sl0pin i!siql ~~ .... '~ the apron instead of truc {: " ' " " " 

Hydraulic. conditions .~ 

on the apron,-at asl :dlscharges,-L ::: = ........ %" 

-,Test ~No. 51 ~- ,.Design i~C0n~i.tion 7No.i:,6 . . - i l / ~ " : : - ;  , . - . ~ i  < : , ;  ~ I ;~  ... ;i<...'~:, ~7! 

Set-up: 

;Same :.purpose as !in i~Test ~50, ' - :,.~../'~ ;i ~ 

The jump ~_did mot :fOrm ion ~:the ~!apr0n ,iat'imedi~i-~;flowsi ,: ' :~ . 

amoo  the ' Hydraulic conditions 'were thor ~than ~wi'th • ~l.l.~slQpe-. . : ; : 

when the jump was formed: on ~th~ ~apron. . . . .  ~-: ....... P ~ 

Test No. ~52..-~Desi~n CCon~di,ti0n~Np,..~6. ' " 

Set-up: Same-as •Test ;50, :except ;pavemen,t :.alope~was ~2:1 L . • 

(Figure ;8, LTest :52), ........ i ~ '~ •.,~ 

:Same ,purpose as in'~Test .50. : - ~i 

Same rGsults as in:Test c51. 7; 

@ 



@ 
Test ~N0. ~53 ~- 

Set-up: .,Samo~as 

/ 
J 

•! 

[ 

• ..- . •:, C- '.;;~/ . . :- 

:~ondftion ~NO:;.(6. !{ ; ~. 

TeSt :i~50, ..'except (slope !of " " ': :' " " "i pavemerLt ~was ~3 ::I" ": ~" 

" " ' ~" " " :-"" :"-~ I ) 

{Figure:S, : Test~53)... ,~,.-:, .i - ...... ~. -. 

,Same ipurpese ,'as ~in '.Test ~50.i - ' ,-i- - /.- 

Same ~esults ,~as )in._~Test 1:51,. i ,. ', :- ] . :i '%". i~ ' ~ .... ~.~.:~:~ ' ~' 

Test :No, ~54-~" !l~Si~n~Condi:.%ionJNo.::~.6:~':- . .".~ :~ ", ':?:- ~~ ' : " "" 

Set-up: S a m e  . a s  ~ T e s t ~ 5 0 ,  i e x c e p ' t ~ ' ~ s l o p e  . ! o f . ~ . p a ~ m e ~  

( F i g u r e  8 ,  i . T e s t . ~ . 5 ~ ) ~ ,  • :~ ~-"' : "~ !:~,~-, ~-~ "i ~: ' : ' 

Same results as,::in Test ~51. • 

@ 

Set-up: 

Set-up: 

Set-up : 

shape (Figure:8, Testi55) ,'~ - i ~ ' ~ " " " ~ " :  " ' 

Same ~purpose a s ) i n  , T e s t  ~50.../.: i /: i~, , ,.. : .  i .... .":-/ : i~/:; i : i l i .~: i / I ,  

T e s t  ~.No, i 56  ~,,- ~ D e s  i~n:,', 0 e n d . ~ t 6 n ~ N e ~ .  , '<6,,:, '~i• 

Same -apron~ as iin Test~49, :except m ~ t " ~ " " ~ " ' ~ " ' ~ : ~  

- ~ ~ ~-~" ~ , ~ ~ ..~; / :"i. :~ t ~)~, .  ' ~ i- ~~- ~" : , ~ ' .  - ' - i  /,/~:' 
.from end of ~apron~to ~Elev. ~,49 :,~(~ :. ,~ i;~:~ ~ 

~Same purpose as ~in Test ;50. ~I ~,-~ ~ ~, :~,~~ i: 

fSame results as in Test 50. ~ 

T e s t  ! N o ,  57  .... D e s i g n - C o n d ~ t i o n  :No .  6 .  ',.... ~;,i-:~!,i • ..- : / "  ~ii~.~ ~ ,  , 
. . . . . . . . .  :~ , , i ~ ,  '/~;~ "~ / .~  - . , i 

Same a s  . T e s t 5 6 ,  e x c e p ' t  l ~ : ~ l . ~ . s l o p  e p a v e m c n t  ..'~i ..... ~ ...... " 
• ~. i t  ~:~!: . : ~ 

(Figure 8, L~Test 57). 

:Same purpose as in Test 50. 

Samc •results as in Test 51. 

- 4 2 -  
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cause :the above ~dld :not ~dITfer ~rc~ 

• ~ , .  : , ~ i ' i ~ " i  : :: : , , - -  " " 

Further tests ~:on ~sloped ~:paveme~t "were inot made ibe, 

a p r o n .  "- . . . . . .  ' ,_ .; ::i~.ii ' i :  ,i .i-,i' -: ~::~;",' ~ : .  ~ ~ ,,- 

T e s t  ~N0. 58 • 0,Design .-Condi~tlon ~,No. ~:6.'.~.. ~ .~ ,: ..:~,: :, 

Set-up: Same as Teat.49,:.:;excel 

,( formerly .'called :~breaker ?blocks).12~. !(;Ei~g, i £?8,:L',~Testi~SS~"~ ~, ."]. ' "::;" ! 

Thept ~se ~ o f thls-::.i~es t.~was .~to i.!~e:'~:!fur ther:,~deVelop_ 

m e n t  of a sill i!layout:as ~outlined !in:,,Test ~49. ~. ' ":~L .j, 

..The ~test ~ showed :practically. :no ~,eresl on:and, .the :~sili: 

gave-entirely satisfactory resuYts, ~but ~,0bUec%ionswere ~made].;~-cn i.i: ; :,~] 

the grounds that the, si'll ~struc~ure~was :'t0o large ..and,cons:equ~n~- 

ly too expensive. ~::,f :~, : , ,:. 

Test :No. ,59 .-~Des :~ cnd~x~on.:'~o?~o,~ 

Set-up: Same as ;in Test 49, excep pe :]tO :i:: , " 

E l e v ,  - 4 8 7 , 0  a n d  : t o p  , w i ~ t ~  ~iof ~4 ~5 . ; ~ f e e t ; : ' ; ; p a v e m e n t  -:on !2  :• i  

elope Tram :t op of :sill to ;Elev. 498 ((,Fig. ~:, 8, ::Test591,.' 

The purpose :of ,this .test-was :tie .i;study ~,the :actiOn of ~ 

t h e  p a v e m e n t  i n  c o n j u n c t i o n  . w i t h  : : , the  ~ I ½ : 1  : - s l o p i n g : ~ s i : ~ l ; .  ~ _ . .'i 

Thls pavement did 'no t ~allow ~a ~natural: rro~trogrossion 
;,~,, ~ : . ...... 

of the river :bed ~,to produce stable ~hydraulic ~:"~n~+~-ns,,,~.,,~.~,,.,, ~and ,as " 

a resul~, the jump would not.:form :on:thel.apron )for medium~Zlows. ' ' 

,Test No. ,'60 -iDesi~n~:,Cond,ition "No. ~6. i . '  
• . ~_ . ,  ~ :  

Set-up: Sa~e as :Test~59, except,slope of pavement was .3::1 

(Figure 8, Test 60). 

Same purpose a s i n  Test59. 

@ Same results as ~in Test 59. "~ 

- 4 3 -  
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Set-up: 

• ,Test :61 ,. ,Design, Condi,tion,~N . .6. ~,:- :~: :,.:, 

Eleva t ion ~489 ( (Fi gure !~8, ::iTes 

~r • . . 

Same purpose :as :~in:i~Test~:.59. 

Set-up: Soxno 

3 :i . (Figure!: 8, '~Tesrt ~ i ~ 2 ) i ,  r!" I~. :: 

S a m e  p u r p o s e ~ : a S S i n ~ T e s t i 5 9 .  ' ' ~  " ,- ' ~ : ~ : ~ ~ " " ' ( : :  . . . . . .  ~ • " , -  .~ 

Set-up: 
; L " 

type. sill ~ ith curved~iups tre~n:f£~ae:~ (Eigur6~'~9 ,:~!..:o.~.::: ~ , . : : ~ : : :  

" . . . . .  " " " - t / 8 : 5 ,  " S.~ne ;purpose : as !in ,:Tes 

L 

Considerable., improvemeng.,.over ~the .1.~ . 1 .  sloping.,: :.:~ .: ..:.. • ~ .: ,,~: 

sill ~,us no,ted-~ !HoweTer, .addi:tionalJimprovemcnt~s~amgd - ,. " :: '-: 

possible, o • " . "'i'r":, "':':'" ": : ; ~ ' ' .  " " '- 

'~T~st'~:64- : Design-CondltlonrNo.:~6 J 

Set-up : Same as : , i n  LTost,:49, ,~:except:-Wi't~-.~252Toot~!dif£user ~ : 

; typ e ,s ill :.~ith 'ivertical iluPstroam:~face :~('F~gure ~9. ' i 

Test 64). 

Same i purpose ~ a s i in :Test: 58. 

Actlon:was similar-'to!Test.63, except t~nt the sill 

was subjected to~more~.direct :impact.which was objectionable. 

- 4 4 -  
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- ",!:!/:, ': 

. T e s t  ~65 ,,- ~ D e s i g n ~ C o n d i ~ i e n ~ N o .  ~6."/: . :  1 " 
i 

: S e t - u p :  ~ -Sameas  ! T e s t - " 4 9 ,  

end of :~pron ;and, 3 :I ~slopo ~from:: ..... ;Elev. 

F_~ev. ,'498 ((EJ 

Seine ipurpose~as ~in"!Test~;s8..~ : } . . i  ~:/~I., '~: ~ :~ :y  : /!~Z 

This  s i l l  ,.~depen~s~uPOn,~direct Simpact i!Tor:~itSi~:ac!~On.. ~ . { - i  • 

and requires more,excavation;for {the ~s~e'i:~heighti!~f:isi;i,l",i~h~;: • . -  

e i t h e r  the diffuser or :the;~!~:l ~sloping~si2il. : - , . . . .  .~,:,.~.~ L . . . . . .  . 

T e s t "  66 , , - . ~ D e s i ~ i  O ondi~tion{ilNO, . , 6 . . :  i. ' 

Set-up: A 77,6"foot.~radius~ibucketC~wi,th:~8!l.sloping~ pron. 

Horizontal ~pron . a t : ! E l o v . . / 4 8 4 . - : S i ~ l  :u'ith ~:ll 2 

:,to Elev. 489-0 and 1,top .~.width-:of }1.5 ;feet. ~Rock ~:on ,, ,, " '~ 

3:1 slope ' to .E lev~- , ;498.O,  :,~terme'diate~itre}Ining ~: " . . . .  ' ~ "  

. : , > . . i'i{~! 

0 ,' ' " . iElovation ~505. ~,(Figure '~9,, "Test :~66),. 

,~he purpose o f  ~,this.- i test ~i~ms :'~to"~obtain~design ,data~' i in i !.. . . . . . . .  

the  t r a i n i n g  w a l l ,  and ~: Stu'dy ~ i : t s~ac t i  Oh {under ~i!eztreme , ga~e ;!op•~ii~ % " . ,  ~:i~ / ~ i : :  

a t i o n  c o n d i t i o n s .  - . . . .  / -1  / - "  .... ,. ' . . . . . .  - 

.The w a l l s  f a c i t i t a t e d  ::thelfonuation ;of':!the :,Jump ,:Oh : . . . . . . .  ! . - 

the apron for-extreme-opera~ing,condi:tlonS,of ad3acent.~se.ts ~0f:',:!: 

gates and showed~no ~u~desirable .erosive cond~tions, except ;for 

~,ximum .dlscharge. ~ ' " " . ,  
. . , , . 

. - ~6 -  
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J~ 

(Flr s t iTes t ~ on ~:SeCon,d,;Mo~e~). ;:~:•~ i 

Set-up: 

ment. 

Set-up: 

to : a T-7~,:6-fo0 t, ro dius and ii~at ~the,~lower, end ,Lto~a I ~.~ " ~ 

15-foot~radius:wi.t ~bot i zt~Elev..480.0~and~,P.C.C,~ 

at i!Elev. <482 ,0. ~ ~ -~ ~ i: i : ~ ~.~A~ 7,.5-foot ,,~radi us ,to ~Elev. 48&,5. 

A' 7.,;5-foot diffuser .-type ~sill clth ~, curved ~upstream ; ' " ' ~:~: 

face. i Rock ~ on ;'3 .... slope from ,,top ~;of ~ sill: at~Elev. ~'492 " 

to Elev. 498;0 ~(Figure~9,~'iTest~'67~). ~ : I~'. 

The purpose:of this ~estwas:!~to i study:the~actlon~: i : ~ ~ i 

o f  the d i f f u s e r  s i l l  ~ln~:conJunction~: h~the ~ctt~;,' ~ bucket  • . ,  , - , , - ,  .L) 

placed at~a low elova~io~ : ~ ," , . ,-~:. 

The test showed more/Satlsfac.tory.* con~di~.tiOnS ~ ~tha~ ~ ~:.ii " ,'~ 

any previous ~.set-up, ~bu~i~was-~not~>adopted.,tecause,~the .i~depth~(of :: 

t' ..... "~ '~ .... " " ~design ~idePar.t -~ " excavation •required was ~no • satisfactory tto :the 

~ ~ • ~ . .,~ ~ 

Te s t-. 68 - - ~ Desi~u ! C ondi~ion No. ~6..~.!.. :::~ -~~ 

Same as =,in Test~.6?, ~oxeept~:with~92122f0ot . 

Same~purpose as:in~Test~-6q, • ~ ~ " +. 

Szm~e results as -~in' Test ~67. '~ 

. ,i :_ 

o~ -47- 



Set-up: 

Set-up: 

Test ~ 69- - ! Design ~ C0nd Iti o]: i No, ~;g. 

iSame as i liTest ': 6~,,~ except ~ w~tli~l, ve~,tic~l !~upstroam ~ ii ' 

face ;:of ~the ~ diffuser ~sill ~ aEd•~slig~tlycloser~.:/.: . ' • ,  ~ - : i ' :  i l l :  :~, : " 

. spacing 0f:diffusion ~ chambers. , -  : . . . . . . .  ~ :  , , .  

. . . . .  • . . . . . . . . . .  

Same ~purpose as ~in~iTest:6~. ,,:.~ ~- : ~ ,  " i . -  

Same :results ~. as ;in ~,Test ~ 1 6 ? . , ~ ,  ;,.~ -~., , :  

Test ,0 ~ Design . Cond~tion-~1¢o. 6. ..... , :  . 

. ~ i . . ' : ~ , "  ; i ' i ' / i i '  :. "~. i ~ - ' ,  , ~ . ~ / ": : ":,: , . . . .  

. Deflecting ;,type:!bueket :i with"~i25~foot"iTadius " : "  " ~ " " 

with , bottom atTEle°z' :~482 

diffuser sill dowzs~reara " " 

• _, , .  % . ~.i:•: ~,, ' :. . ; " ~;~.: 

Tost",~70) • ' : '  . . . .  ; '  

The purpose : of " t h i s  :~tes t was "~ , to -~ 'de t c rmine  iif~L~-the ::ex- 

cnvation at the .toe ,of ~the~d~m=~:coul~d:~be:~ ........ i. 

ing t h e ~  hydraulic conditions ~-oT ~,this !ipazticul~r:~,t-jpo .. ,~ ~i 

as desirable asquith ~the ~buc~k~t r.-t ~.a~lower,elovation. : ~,~ :: • .~!~i 

Tess ~,71 ..... Desi~n-C&ndition:No ~6. .~ ' 

Set-up: Same as :,in~'Test ~63, ~excep~iwi ,.~h an ~8.foot~alff_uaer. ,~.~ ~ : ~ ....... " :~ 

sill w.lth.spaclug~of f~iffusion ,:ch~r, bers -~,t~ 

-.to expar~ion ~jolnt ~ smaclng ~(Figure ~., ~ Test i7~) ~.~" 

The ~purposs ,of ~this ~test ~was ~to ~obtaln ~ a ~.satlsfac~ory 

..diffuser sill ~.with a ~fixed :number ,~of ~diffusion chombers !.bet~, een 

contraction Joints. " ' " " 
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~The .test ~shewed ~this sill ~acti on ,to ,be ,very saris- 

f a c t o r y . w i t h  only~:slight~;erosion~occurrim'g~at:ima~mum~ ' d i s -  " -' /~-Ji,. 

charge. ~ Paint •tests :were :made and ~Indtcations :,:wer0 :thht{ a i//~ 

low pressure area existed~: on :~op~tef tthe ~:chamber','~walls' : :ii, ili 
j • • 

Set-up: 

The purpose ~cf ':this 'test '.was:~to~-eliminate ' , . , the~ low :' .. i_~ 

pressure,area on,top of'theiwalls, i ~ • :  ' ~ ''£\ . . . .  • " " 
:,i :~ ..... • i ~i: •' 

The test :showed ~the ~ elimination <of ~:this ,~undes irable 

low pressure: area. ~Hydraulic !conditiorm were ~,not :affected 

by the caps. Indicr:tions~.,pointed },to;Simil..-_r resul~s'by ;the ii 

use of a smaller~sill. . . . . . . . . . .  

Set-up: 

. :Test .  , 7 2 , - ~ D e s i g n  C o n d i t i o n ! , N o ~ ~ i ! 6 . ~ : ~  ~, ~ -::. " t ~  

Saree ~s'~Test ,71, except ~.t0p: of~!diffuslon ::chamber " , 

w a l l s  w e r e  c a p p e d  ~. ( . F i g u r e  ' !9 ,  ~;Test~V72)'.::i. , - ' , .  i i i  :: : 4 •  i ~•: , !i.}~ ',i:::i:~.~ 

~ T e s t  ' 73  - -  : D e s i ~ .  ~ C o n d i . t i o n .  N o ,  ~6 ..._ - . . . . . . .  ,,~ ~ , 

Same as:~in?Test'~63i!except416;5,fo0t~.~iffuser•:si~l•i:: i:-~ - •,~,~ : 

, w i t h ,  c u r v e d :  u p s t r e a m  • : : face,an~d ~ - s p a c i n g  L to  ~ Ccu2ozuu ,!~t o 
, , ~ -  ,~ , , ; ' ~ - • '  ~i I ' . . . . . .  , 

contraction 3oznt ~spacing : {Figure ,il0, .~Test :173)..: 

The purpose :of !,this test,,waS :toilbbtain:,a~more ~ econ" 

omical sill that,.would: give,results comparable ~to ~those\in ~-~-- :, 

Test 72. ~ • .... 

The test ~ showed ~ that ~:c ondlt ions "~,iwere ~ no t ~,gui te as 

good as with thelhigher sill, but were~superior~to~any, other 

type tested. As ~ this sill gave .kadequate pro,tection ~for all 

flows, i lneluding maximum ~discharge ~ of, 550 ~000 second.feet, 

@ 
it was adopted for use on the Wheeler D~u. 
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t i Zome"ter ,ii  Set-up: S~.~e as ~In~Tes ~73. ~P e ~ sion. 

choz~.ber (Figure !10, 

The purpose.of ~,this -.tes t ~.was ~~,tO [~ob,tain ~.the ~ipressures 

within the ~.diffusion chamber ,.-~, ~ .. ,: 

@ 

Test ~, 75 - ~ Desl,.%n ~Ccndi:,tiom ~ No. ~16 . . . .  ' - 

Set-up: Samc as in :Test .,73 ~ (,Figu 

The purpose:of .,this !test ?~.as.:~,to ~0btain disc,~mrge 

coefficients for the,Tinal~,design, ' . ,  :, -,,,~ :~: . . . . . . .  ~' : " 

~his test was :,superseded~because ;.leg~s..,[were!~:found iin,;" ~i, 

the flume upstreanfrom the:m0del;:. ',:: " , ..... - .... 

Test~76-.= Desi~n~"Condi,tlon2No;:!6.,; ~..... ..... - . . . .  

• , ? ~.' ~<,j. 

Set-up: ,Sfame.,as i_.,:Test,.73 :(~,igurejl0, ~ .... ~ " 

,The purpose of'-:this ,,tester, as ,to<ob,tain,extensiwe 
L" ' ~ 

calibration .data on the Talnter~gates ,.:~ith,adjacent~?gates " " :i:,~, 

A discharge ,.diagram ,,was ;[prepared..~and ~ coefflcients 

computed from the observed data, : • , : ..... :- ' ' ...... :, 

] . " . . 

-i 
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C) 

' /i 

Test 74 -,•Design- Condftien~:No. ~:6. i r 

Set-up: Same as in Test¢T3. -iPiezom~ters ~in:difi~sion ~i: " 

chamber ~i(Figttre ~i0, Test ,73) :: :~i :: 

Tho puzpose ~of :this ~tes~ ~ns~t0~:obtain!::~the~Prossures ' :/ i~/ 

within the :diffusion ~ ch.-._~ber-of ~the ~si!ll" - ~ ~ if i::~:'~';::ii!'!ill 

The test showed .~ery. < ~ :' Slip, hi :,negative ~pressures ~ict 

the entrance with n..discharge~of (650~O00~eecon~d-fest, -o.: 

Test•75 --:Desi~n::CCn~d~.t on.N0 ~6. : 
.,.. 

S e t - u p :  Same ns :!in T e s t ' ; 7 3 1 ~ ( F i • g u r e ~ i 0 ,  .:•Test~,?3),.:i .~-• : . :  '~i;•".. . ..~:. 

The purpose ,i o f  .this ~:test ~:aS C t o  :0btdin ~discr~rgei : " . L - :  ~.: ~.• 

coefficients for ~thc:finalidesign. - :  " 

~is test was superseded ~ibecause/le~ks were !foun~ :iin ~ ~: : 

an 0m the~model ~ : the flume upstre fr . ~.  ~ , , 

Tes~' 76 :- Degign~,Condi~io.n ~ho.T " • 6 . '  . . ~  ~ . . . .  

Set-up : ;Sane as in Test/73 ~(Fil ..... : . . . . .  

The purpose~,nfu~thi:s:%~est~!was~.-t ire ~ ~ 

calibration data on the ?ainter ga~es va~h ~dsacent:ga~ s , 

discharging. "~ :~-. .:: . " ' 

computed from:the observedCdata, ~; 

L, 

t 
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.Test ~,gV .- !Design ::Condi:.tipn iNo.~ ~:6. 

Set-up: :Same _as i~in',iTes,t i!~73 ~(,Figure ~'io 

The !.purpose of :this ~tos 

"' ,' r ,!~.j 

~iths ¢ o 

, ' .  

! 

data for one .Tainter .gate only :dlscharglng 1, 

Smme .~esu_l.'~s a s i n  T e s t  7 6 .  
• i 

-..J 

of discharge Tor : one - gate *~only ~disCharging ~i,'-th ~i~ree -~ .IL* ": :' • ~ 

ditions. ~. ..... . ~.~.~ 

..A coefficient ~. of ~discharge ~ucu~ve :~was :plotti d:,::from !!the 
~ A 

observed data. ,,?., •"'~ : i' i: 2:'i " 

:Test' 78 ~- ~Design CCondi,%ion~Ne. ~G ._ .:, :, ,: ~:: 

Set-~t~ : ,~Same . as .=!in :;Test ~:7~ ~,v.ere made.~:c 

• ,piers i(Fil :Test"78).: ,:/.~?. : : : :: ~ • f 

The purpose ~o-f :this !test "V'aSL~'tO ..deterzin,~! +2:e°'~shape -:-"- 

of :%he. do,ms,ream . .... _ ":--::':IL! 

. . . .  • . . . .  

on the apron. . . . . . . . . . . . . . . . .  ? ~ ~ . . . . . . . . . . . . .  '. : 

' . . . . .  . • - .  ~i ~ , 

Several* shapes * were ~.tried :and~as::a-res~it:~ :~  : saris- ::~' 

~factory ~ solution ~was. obtained~i(~klt .u:e :;9 ,- "~ " . . 

Test:78).. '~ ".~ .~' " : . . . . .  . %.~.- "~'. 

"i.Test 79 - -Design ~.Conai,oion~Eo..,:6 . . . .  o ~ ': 

Set-up:. ~Ssme as~in Test73.- ~ -i :i: '" ::" ~: i " " - : . ...... - ,.:'/~:i,,:~: 

:The ' purpose of ' this"~;teS.t Was: :!tO :.iobtaln",:dise mrge"[.:: :i,:: " " : r ':":'~ 

@ -52- 
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(?. " • • • . 

Test 80 - Doslgn ~ Condition ~No. ~ 6, 
,J 

Se~-up: 8~ne as in Test 73. Piozometors ~in :tho diffuser 

sill. . . . .  ~= ~ "  . . . . . . . . . .  : : ::~ ::!::'i'•:: 

~ho purpose of thls test woe ~'td obtain pressures . : o n  

tho upstrocm fseo of the difINsion ch~Ibor :..-~lls. . . . . . . .  

Test 81 - Design 0o:idition::Nc. ;6. : ,  . . . .  " ~'\i,.. > ~ 

Set-up : Fln~l Design. : ,  .. 

Tho purposo of this tost was :to ob:~aln~:a :got 0 oper- 

:.ring proEro.n. : : ::  .-. • . " " 

A sotisfactory urogr~nm wa s :N':eparod ~frcm::;:~f2~o':observbd 

: • • • v/L . • • ••••. 

F 

C 
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A. S~illing Pool 

I. 

f~ 

The oxporimon$ son "~ he : m o d e l  , .of  ' , the . spi-~lway :~or 

the V~eolor Don extended -over :a 'period :of ~ten:months,li 

During this same per~od, actlvo~exporiment~l~work-:.was ~ ; ~ 
. . . .  , . . -  ~ ~ ~ . .~ . . . . .  . ' , ~  ~i , . •  " ., ~ . , ~ . ~  . . . .  ~ . , , ~ ,  . . . . . . . . .  . 

being conducted . on .la~ mo~el ;-Of ~tho ~ ~ ~ ~,~ " " " ' " ' ....... ~ ' .- '~' ~ ~,ultimate ~development ~-of. : ., ~.-%. 
" ~ , ~  ., . ~  ' ~ . . . .  , ~ . , ' ~  L ,  ~ . . . .  ,. , , L . , ~  , - .  

the Grand Coulee Dam,,~,,.~,_~er¢ .a .... pr0blem: :.,,. of i~slmilar,: :~but ;m0re' ~;'~ ~ 

g ist;zi~d~ !;~It w~ he~'- hat the ~' i severe, nature was bein ~:: i as-:-t ro',t -' 

first d o v o l o I ~ n o n t w a s  = d o . , o f . i ~ t h e  ' . d i f f u s e r ] i t , s  ~..si~i~!..,~hlch 

was finally adopted/for ~uso :~on ~:~ ~ho :,Wheeler }Dam. i i ~[ 

Since the outlino ~givenipro'viously~:i's <chronologi~aal •,~..:L: :.~:: 
~D 

in nature, the es~s ,h~vc~:;boen;:.roarranged:.asato itypos ~to 

simplify the compilation :of :rasalts/and ~:conclusions,..;:~tn ...... . .:.:~ ,. 

outline .is as follows " ~: :" , : ,  ' 

Lovel,~Deprossed A~ron " .... 

a. :Level :,Doprossod~ ,~ .~,.~"~}pr°n~, :, . :-',TeSt. 'i ~.(F~ ~ro .~6)..-. ,, ", . 

b .  Rehbo ck  , S i I 1 .  - .To sts ;B, '4~0und:,; 6 Q(F igur~ :6),~..; 

c. Triangular,S lls~-Tests:.o and 5 (F~gure ~:6)~; :. : ,~ 

19, : 20, 21, _22, .: 23, !~24, ;and :25 ~(Figure ~.7.),. ~ 

d. Breaker Blocks..-~Teet 26,::.iFi~Iro .~7,. ' ':" . • ' ;~ ~ " 

e. Secondary Weir - Test 7, .Figure (6). 
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2. Defleotin 6 .~ucke t : • 

a. Deflecting Bucket ~(High~elevat'ion) , ,Test i~I0, TI, ii2, 

13 and 14 (Figure 6)'and: 15 ,~(Figure :7.)i.i: 

b. Deflecting B'~cket /(high elevation) ........ 

apron-Test :16 (Figure~7):. , 

c. Deflecting Bucket (10w~elevati0n)Tests~17~and~i8 

(Figure 7). ....... ~ • : •: ~- ~• i ..... • 

d. Deflecting Bucket with DiTfuser iBi!l - Tests <67,, ~68, i 

69 and 70 (Figure ' 9 ) ~  oi:~% 

3. Slopin~ A~ron 

a. Trian&~11ar Si~l - T6sts 8 andii~9 i(Figurei6) andTests 

27 and.30 (Figure:V,). .... , :" ~"/'!"~: " :: ;:' 

b. Sloping Sills ..... ....... :. ...... ~ ' ' - - ..... : 

i. Apron with 4 :i ,Slope . Tests 8 land :,9 ii(~Fi'~rc•,:6):::•::•~i :.::~..• .:": : :: ' 

and T e st s 2 q, 30, : 31 ; :35, 36 ,, 37 'and:38 ((~Fi gurc :g~)., 

2. Apron with 8: i Slope !, Tests '48 ~ and ~.49 :i (Figure .8),. 

c. Paved Slopes " • 

i. Apron with 4:1 Slope ~-'Tests~50~54 ~incl.,, S~i(.Figure :8)~. 

2 Apron with~;8:l Slooo - Tests 56 ~and 57 ~(Eiguro~8). 

d. Combination Sill and Paved Slope 

i. Throe'foot:Sill - Tests 59and 60 (Figure!8):~ ~ / ' 

2. Five-foot Sill- Tests .61 and 62 (Figare 8). 

e. Breakers - Tests 28 and 20 (Figure 7). 

f. Diffuser Sills - Test 58 (Figure 8), 63, 64, 65, 71, 72 

(Figure 9), and 73 (Figure i0). 

-55- 



@ 

@ 

B .  ! I n t e r ~ n e ' d i a t e .  i ~ a i n i n g : ~ W ~  . ~ : ,  ~ ,  . : .: . ., . - . . . . .  

• D. Gate 0peratlng ,Pro~ram. ~ ::,, : 

i. With _ Wall. ..,.~. d : , . ,  

E .  Tainter"Gate:Dischar~.. e :Data.'.:", : '..,". "" "::, .. " " ...... "-- ' ":.-'" ..... :,., ..,.: 

l Discharge Coefficient . ::, 

2. Discharge~Diagram. " .... ~ .:~. ,&,-: .... ~ :'::. 

4,:~ . A. 4- , P o o l . . : "  / 

• .i • ..Level ..Depressed ,Apron. , . 

~':~ne simplest:and :: :~erh0 s"~e:.mos~ :/erfcct:.s6~u'ti I~ :: " -.::.i. 

of .the dissi pa ti on o.f ::energy ::in ::~,water :'~flo~ing ;.ai, ! ~ k::il!~: V~i~::"(" " ::::: ?: ::~::.! : 

ctt~ :i.s. the :ideal :fcrnatlon-of :'.a i,~hydrauli~: ~j~,~ .: The -~:::) -: :.- :.~ ::i:: 

energy is disslp.~ ted .:in .:internal :impadt: ~:i;such :~ an 

that •:little cenerffy .remains : ~ o  :cause ~erosion. i " " " :  .. 
° 

overfall .'.dams, :~there ;is ::a :~.Is ge~in...o~,~i:.~n!ing . .: : i 

the dan. s o  :that'the .Jump :win occur, ~.othus ~reduC~ :.t6 :•i.a :~ni-:: • ' : :: ......... : :-:. 

nmm"the protection re~ulred:'~to~prevent., erosion, ~:especi:~lly. ~ ... .. . . - :~ :. :. :.::if:i: ' 

since the action ~can be ~predlcte~ ivui'.thin :reasonably :close ~ 

.The : f o r n m l :  :for ::the :hydraulic :jump :in a :T'ectangulsr .. " 

hcrizontal channel :is 

: D ~ .  : = . . - ~  . . . .  -4-  - -  
~ g  4 

@ 
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where.D I = ,the depth upstrenm~Trom the ,!Jump, ~ ..~ ~ ,:.,:,,, ...~ .. , -, 

D~..-- .the depth downstream ~frcn.., ,. !the ~iJtmp, .... , - . .- 

V l = the ,velocity corresponding-;tc 

V 2.= the ~,velocity.~i.correspondingito ~D2i ~ ~ ... , ....... ' . . . . . .  

As outlined iin Appendixi~i, ""The ~£dedl ~.dond£~tion :'~uld . 

be to have~a .tailwater '. at sud~f~a:heXghC~above ~.the :riveribod 

for each discharge .t,hat :;it would.~form alperfoct ~Jump for &ao .-~. 

depth and velocity which would occur .~in".~.the iioverfal.1,in~ ..... "i., L. : .... ,,, 
. . . . . .  . - .~ ~ . - .  , -  ~ j ,  : 

stream at the 'toe of the .dare,for)that,discharge. ,:~iThe?height . r.: }.;'i': 

of the tailwater, h0wevsr,: is ,eontr~lled ~y '~the~condi~ions i~'~ ~:~: "~ ';~ 

in the stream cz~annel downstream :from~:the "daml,an 

condition is never attained." . ~~ 

o A s  f u r t h e r  ~ e x p l a i n e d ,  ; . t h e  ~ : r e l a t i o n s  ? b e t ~ e e n ! : ) i t h e :  ; t ~ £ 1 -  ' ~ :~.:! 

water rating curve aria' a :curve. o, "the :. 'depth ~ of '~.water ?~necessary 

to form a i hydraulic jump.z,ay:bs~divlded.jinto.~four,claeses. -~ "~- 
" " " : ' . '  . - '  " Q '  " • u 

The case of the ~Wheelor }2D~,.i:where !tho/i~j~height {Cuzvo :far 
• . [, • • 

an apron at.stream bed?level :(~i'gure :!.Z)~falls .~considerably ~. i. -~ 

above the .tr.ilwater cur~e, "is ~C~se i .:I,:  ~ppendlxl.. • -~::" 
..'&, 'L 

A.. study of the ,cendltio'ns'i~'at :: .tD.e :~.~eeier iDcm :site .. ~ 

'd • 

-resulted in the initial use .of~a,/depressed~gPrcn,.on ithe~ ' • . -~: 

model at Elcv. 484 .with .tho,.~nd of-the pool ':paveg. on .~, :l~:l 

slope upward t~: the river bed .(,Flea,re,6, ~T.~st~l). The above 

elevation ~as computed to give a :.satisfactory jump :on .the " " 
? 

apron for th~ maximum dlschnr~e with ~the first.design condi- 

tion. 

~D -BT- 



@ 

@ 

Studies with.different ~.pool ilengtsh proved :.that a 

mlnlrmm length, as .. well as ~ depth, .!iS.:~requir ed !for :the ~satls, 

JR', 

factory formation of ' " ~ ' ' '~ " . : the~hydraulic .Jump ~{Plate, 3)-.-,.,~I~ ,,the ~" .... " 

length of :pool is ~Inereased, =.the ...... ;.effectiveness i ~  -... ~ .... = Of i.~e ;~stil!ing ::~i .), .. i:.]/ 
N 

L 

action is improved, (Plates Li.3 :endS4} i "/'~.This .form,df.;ip'bdi ~:.would '~ :~i;,)i.:~: 

be very satisfactory ~from :the /, hydraulic ?/standpoint,.ib~utiwo~d. 

have the disadvantages :of,".ia)hi@h '::initial'] cos~:and.'La::~'deep ' ': 

excavation at the toe of thedam, .:. / 

In an attempt .~o :.both : i s h o r t e n  :.the ~necessary 

~'.~i~ ii c :/': ' .' 
of apron and decrease the depth~:of excavation, ",various ~,types .I " ' "  ~: : ' r 

of baffles ~were investigated,.on ~the .original~xlepressed~apron ,-. : ~ , =  . .  

p l a c e d  a t  d i f f o r e m t  e l e v a t i e n ~ q .  ~ : ~ c m ~ n  .: s '~tdy.: . :Of L t h e : : a c t i 0 n , ,  • - 

of e perfect~=hydraulie .Jump, :.:i.t~was:;Conclude~d.i.~hag:~any:i.ffcrm - 

o f  b a f f l e  o r  s i l l .  u s e d  o n : a  : l e v e l ~ a p r o n ~ . ~ s t  ~be ~ s o , l p l a c e d  

as to decrease .the velocity, "V2,=ra~her-'.thaz.lVl, :for:if:-~any: : : 

obstruc tion. is placed ~in the path-of ttho ]:hlgh-;veloclty,~wa~er: ' ./ 

it will destroy Only ~m ,small:::amount ,':Of ~the ~.energy {by;~pac~.!i ]]'/" :i' ,. 

but at the smue ~time :.i.t. will deflect ~the 2~jet !:~from iits i~.t~l ~ ~ :~:-: ..~ :, -,:). 

course and .break .up .the :penect ~format~on:~of 0~.the 

effect of .any sill sheuld :be .to :i~crease the downstream/depth,: 

D 2, hence decreaslng V 2 and mcvlng :the 'formation of ~the"ijump : " . 

upstream. Another effect of the sill should be to properly 

distribute .~the flow of water,bsycnd :the jump and prevent :the 

jets of wator, flowlng at relatively low velocity, from im- 

@ pinging on the r~ver bed thereby causing erosion. 
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Since the ?hydraulic, :Jump ~imust ~f0rm~iln: more .: or ~less 

perfect condition upstream,Trom ::a .s~ll ".tc"make ~lt :.satlsfac- ~ .... 

t o w ,  w i t h  t h e  s ~ m e  L 1 E m g t h  ~ o f • ~ a p r o n ;  :~the : s i ' l l  w i i 1 ; ~ a k e . ~ , p o s ~  - . ._ 

s i b l e  t h e . u s e  o f  a~,slightlY,:iless!po'ol•i!dep:th,;~Jd'Lthe~addi-.~ :Li, . ~... 

tional ccst ofa,~si;il i~,balanc;ea:i,:againStA:the::Cost.;Of~a '~,~: 

deeper pool . . . .  . ,  ,;!:~, , 

T h e  , f i r s t ~  c f  these ~was-it~:a : . - R e h b ~ c ~ " i d e n t a t ' e d ~ : s i ~ l i  ~ -~i- ~ 

( Tests 2, 4. and ,5, .Fi~ ~odor 

Rehbock, of the University ~'' i~!":~::'::~••'::: : ;::~ of ~Karlsr&he~:; ~ (;C~rmany~',~9::~ With ~:this 

s i l l  a t  • . v a r i o u s  p o s i t i o n s  i . o n l ; h e  . . . .  ~' .. 
i 

a jump would nct .fcrm ..upstreamsfrom :.the :si~ll..'and ~.the dentates - . 

were subject to excessive ~ .... " ~;impac t ~i(Plate i:,o ),. ,:di stance .. 

of the sill from the dam had ,little.~fect Cn!itS'acticn, :':• 

Better results : were obtained ,~:by :~,pla~ ing ~.thc,, si~lls- on i!a.:!de- 

pressed apron at.Elevation ~490 ~(.Plate'~'6),._ :~. ~ .~. ~ •: : /.: -. 

Sets oi" smaller:triangular-sills Of.-~dlfferent.-s~zes ~,: ~~~ ~-: 

and shapes were tried,i(Tests :..3 and~5~, '.?iguroi6 and:LTests..:'19.% ~.~ :• -" . ;' '•'~::,~ 

and 25, inclusive, '.Figure ~7.).~'but ~were..~no.t :satisfact0ry 4 !:be" 

cause the ~depth of :pool :~:required-was.;practically~he :same ~ .: 

. . . ,  TI.: 

as for the. depressed~ apron~alone. '2At~:stream~ibed ~leval, ~:~the :~::': 

water ~ swept ..across them-at .a. high ,.vei0City.~to ,the. end of '.the, ~-.- :...~. 

apron (Platei7 A &B). A. somewhat iimproved action is.~ob- 

tained by lowering the apron (Plate 7~C & D). 
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~ '  Tests were isls6:made:.0n, aibreaker "" ~ ~' " " ' - '  : ~  ,.- 

r u n n e r  of :the ,-diffuser ~..type ,,sill :~flnally ~ad, 

by M r .  G. J, . . H r : i r . ~ b y .  ;(Test':;26,.~Figure V~):;I::" ; ~ T h i s " .  Si!~i~ha'd,~the :_  

direct -impact of w~ter on:~ft. The~action ~'of.i~this:::5}Sil-ll,.~.was . . . .  

not sufficiently, effectivg.,.to ..permi%,.;.the ~eliminatl onLy-of ,.the ~, ' ::~ : ~, ~ ::i 

depressed~apron, -but ~.~ ;would-make [.possible..~some :re~ucti0n : .: . . : . . ~  

in the length,-of~ apron. -JPI~ ilon?~at'Ys~ream: ~ ~ " ' ' 

bed level,-and,depr,ssed:fivo!:feet. ~ '  • ~ , ' , ~  . - .  : : ' . ~  .~ , .  , : .  ,,: 

.The use of .a ,secondary :weir ::.or ~"dam i (.Test ",.7~; ~Fig, ~-:6) - 

to raise the tailwater to'a;height:sufflcient:toi~formia 2iju~p . ¢ i  : ' . .  

on an apron a,t stream"bed:!evsl~,shcwed::~a~satisfactory:..actlcn - 

below the dam~ (Plate~.:9 i'A,I.&:B), ~:but,:c0nfirmed:i~ ~pre,dicti0n ~ ~ • . . ;"" ' : :~.  

that the depth~of.tailwater ,"b~ . . . . .  -"~ : " .... ' '"' ~- . . . . . .  
t m  . ~ , ~ o u l d  : b  e . . . . .  

. - , . , . 5 . •  / 

insuffic i ent. t o : form -:a .~jump. ,'low '~.thi s ,," ' 

weir could reach 35 feet per~.second,;~some:f6rmi.of.~:~pr~tection. :- : " ~  " ~ " 

would be necessary. .A depresslon.~.of ~.the secondary:~,apron 

to about three feet below .stream ~bed ?level, or :~somgi::iform tof " " ~-~ 

baffle would probably!accomplish i.%hls :result ,<(PlaJ;.%e'~9~O iand: ......... ' 

D). The secondary ',~eir~form-of i proteetion :is-undesirable 

from~a construction standpoint as ~;.it ~.would:necessitate-a : . 

more extenslve.cofferdam and prevent •the:use of a compact 

construction plant. :It also would~interfere~with the-diver- 

sion during construction. 
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.~Another,:pos|.. ~:~:~". . - , :  

energy at the:,iltoe : c _ :• ~ .,- . : .~ ,• o~ ~the~Wneelor :/Dam ~oul~ ~: 

short curving ;:apron ! call ;i the~ :. 

that ..the,~stre~ ;he ;too/of ',the-: .... ::" .... . ~.; '~.~ 

dam is thrown~.upward: and :outwar.d:istrlklng.~th e :~,stream :b'gd':'- i~.! ~ ~i: ii ~' : ! :  ' :  -": 

some, •dls~ance away ~from ..the' ; . t r n e ~ e  ~hero':;~;th~ , • e n . ~ r ~ ! i s  "r : :; ',~i: " 

dissipated bM~:impact~:on :tlSe::riv.er.:bottom-and: _ awater,,o~ • .... 

.t ese ..tests :a.. table :bucket ~as~i: ' ;:; ~:i',,. : :, :,::;i 

(Tes'ts~0.:.tO 14 - " : ~ . : - ~ d :  " used.:on thc.model : _ ~; " " ~igure,6 : " :' 

"'Tests 15 .and :,16, ~:~Iguro ' ~')' ~BuCkets ",'~i th•n ~ ~:'- ~ ~"'/:~ ": : ;o - 

495.5, 497.;0, 497,;9,~~99,0~and~iSO4iO,:~cre'!;:test~d. _ , . . ._ _ .. {(~Plates - : 
L'~. .• - " .. i~ " '..: - ..:' .~'.L '' -..-,~,...,.-:: - ~"" 

.,The :.upward?~slope .:of.,,~the.~:bucket ;:Increased ':withi:,the -:::: ?'% .... 

r:'i%/:;~ i̧ '~ : ' " ~ .' "'::~ ,:~. • •i "" : 

stream dlvi~ "under ,:part .~of,i~h~ iti~ei~(Pint e ~.IO~A ,n~n:d ~B) .~;i ill 

If any of these ~.~pes ~,.were used, ~.the :~scour'~belo~ ~the :d~n ~ould 

probably no~ endanger !it, "~ ~but ~ai;piling; UP ~: Of ~ro ck : ~,ould :.OC cur,., 

To ..eli~Lna,te ~,the~.ttus.table :cond±tion .of~.~the ~ jet,, .a : ~ -' 
O: " ..... " ' . . 

b z 

trn j ectory shaped ~: apron ;was ex.tonded ~do~ns tream :;;from "the-,~llp 

of the deflecting ",bucket ~(:Tests )lS-'and~.~16, ~Figure ',7~)~, :W~d!lo 

the condition ~as :;stabilized, :the~stream, clung ~to ~..the. apron 
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and eroded a~deep~ ~,cnd... ~ 

B )  • ~ I t  . w a s  : f o u n d  ; S l e e t . : . '  . '" 

.the hydraulic iJuml ~ry . 

littlo, • eros ion ~r.esul~ed ((Piete ~ ~:ii2 ) oul~i.i}re-" • :- ./ 

- q u i r e a  d e e p .  e x c a v a t i o n . i u t  ;llthe":~oei:0f.:~,~S~•dam~"Wl~iCh, ~wo~/id :i-he{ , .  .I:Y , 

undesirable ~*Lfrom ::the.standpoint .::of ~;botli,'.:cost : and ~. design,.' ;~. . -;-: " ' 

" . T h i s  Js -~ne :}typc, o ' f ; s h o r t  . ! a u r v ¢  "' 

at a :lower.elovation~pr0dueed'an c~'tiroly~/different~ae.tlon~by .:~*. :".  . ;  " "  

allo~ing .the higher "~tall~ater :to~:e,e.% :.aginst tthe !high 
-t. "J 

city sheet .tending .to ..cause }it :.to ~.become ?nearlyz~ver,:tic~_l~";"an'd ' .'~ " . 

part of it-falling backward ~into :i,the ~bueket":dlong tthe Jface .... 

of the dam. This :serves ~to~.;.form-:a ~highlg~iturbulen~i:'r611er 

which "dissipates- a ~large :. amount;efJi~e=ar~~n:Hi"iseif/and --" " 

acts as a brake ,:on ~:the: app~oachlng,~hi'gh{Vaioci:.ty sheet'~ .... .The ,: 

energy is .thoroughly dissipated~.wi, thou,t/exc~ssive:::er0slonL~: • - . 

belo.w the apron. • 

This i particular ':.phenomenon "~-'., 
• ! 

the tail,nutel- in.Tests i0 !,to~l6, ;iincl .~ y~ " 

This action- c oul'd only :. be, accomplished .at : ~ h e  ~Wheeler . : 

~Dam by placing the bucket~.at~a,suffiCiently 

which, again would-result"In a deep excc.vation at Lthe ~toe of 
ii 

the dam-,~ith its relatively.high cost, both of-which-".would Lbe 

objectionable. 
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This form Of • reL~is ~a~i~~ ~ ~ . . . . .  ~ ~ ,~i 

nstruction :.~ ,~i ,~:.::,~- 

of the bucket,v~ithout •excessive oxcav~eion,,~: . :.::• : :' i-;i.~•;:: ~: ;:i ~ .~ /~,;?., !!!'~i 

}'~hile ;the.. e ,.ry :s2ight. ,;":, ithere. -: . !:,,. ~ :'•: :~!.• 

v~as considerable •roug urfacfi:;:i:ilt . . . . .  ~ ,, . ~ "::~'~ 

was for ,the 'purpose o 

that a curved ~apron ~iv~ ro~ ~ ~.t~e:~buc ket ,~: 

Test 88, thediffuser,i~sill~hdd~been,~de~cloped~ito~such~au i • .... 

°c ~i : extent for ~the Grand: Coulee•~D ~that::~;a'?,s~lar ~s~lu~i0n ;.whs 

.~for t=e~ dissima~ion, of ~.energy~ a.~ ~,the ,,toe ~of ~he~, sought ~" ' ' ~ " .... ~ ~ '~ 

Wheeler i~D~m. ~e upron~.of~the ~heeler~model~as~altered tO • 

use a diffuser ~sill~in ccnjunct;ion ~wi, tn ~the~deflectlng ,bucke~t ..... 

placed at a~,low .elevation ~(~Tes~s ~67 ~~to .69, L~inclusive. ~Figure ,~i ! 

9). The tests on this,~set-up gave very~satisfact0ry~flo~ con- -~ ~ 

di~ions ~ith very. little erosion (~Plate ~15)~. At •all ~discharges 
z 

a back roll, which was influenced ~by the curved upstream 
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of ,the.diffusion .cha~.ber ~.walls,; ,was .formed Jin ,:~the, ,,.f/, ~ -: :.. - 

. . . . . . . . .  , . ' ; . . ,  

bucket z:nd-,Imping,e:d on.;ithe:infl0Wing ~stream, "-;ii~±:Si?{fadil{~ ..-~ .......... ,,,, 

tared ';tho' dis,. :,.energy:~ as :;did ~ t h ,  

.fusion chamber. ,:The(area ':of exit ~Of~:,the-T.,', 

than ~.that of 'the~entrance , !,thus<ca~ing~a/decreaso~in~:,tho 2J ;~,, ', .,~ .:~'~:i; ~, 

velocity of . . . . .  the ~,water flowlng~ . ~throu. g:h-~the :- .... .,ch~.m6er .,;~- -~ ~-~ 

action of ro ~llerc, nd tthe:,sill~. -... i- .~ ~" .-4 

the tailwater below, such that: ,~r ..... : " ~(i'!!~ 

surface and :,the,i;lower ~ ~~' ' ~ ...... ,along the~river ~:.bec..: .-.~ ~;,,. ~ • .,.~. -,~, 

;The first .sill ;~tested ~ (iTest ~:6~ ; h . ! i t o p " .  

a t  E l e v .  4 9 4  a n ~ ; ! l a r g e ; d i f f u s ~ ! o n ~ e h ~ b e ~  i i g h . ;  ~ . . . . .  
- /  

A more :economical set.up,was ~:S " ;~b~ . . . . . . . . . . . . . . . .  Ought -, 

from .the top ,: of .the: first ;,:s ill t (~Test ~i:£ 

w a s  n o  a p p a r e n t ,  d i f f e r e n c  e ,  ( . P l a t e  : ; I 6  ~! 'A~'and;!B) :~ an..d.~a ~ s l ~ . ~ 9 ~ : i  .: ;,. 

feet ., high, ~.top,: at :!El ev. :492 , w i t h ; :  smaller~!diffusion ,<:chambers, ;,./ 

( Test 69, ,)Figure ,;9) was cons tr~c,ted; ' ~,iThls.i.:als6;iiproved :i sU£-. - ' ;,:r; ,:, 

flclant (Plate 16(C} ;. and i an~attempt ~,,was~made'~;toi;!decrease -":. .. 

the undes Irable~:,excavation,.~at-:the :~toe of,:~thei.~ami.bz;iiater~-: /: I . , i ~; 

ing and rals ing ~;the bucket tto ~lev.,;~482,%(..Test ':?.0,:~!.Figure <.9)i. 

The action proved-saris fat tory ~,for ,: stall ,,:~uanti~ies~o~er-~,,the; .... 
. . . " , . . . . 

spillway, but ,proved. undes Irable ffrom ;both ;,the ~-hy.drauli-e)~and " " - 

erosion standpoint with the, maximum/discharge !~(Plate ~17; ),, 
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A .: sat i Sfactory ~:.~solut ionL!~.w0Qid ui2rc suit ~i~rom ;~;'ehe 'use. i i'i :":!,. 

of either the~Iovol.::apron,~or ?the~2deflee~ing, bu-ek~ ~,•i.but!in :• .: " 

each case a de:p~.exeavation was~requir0'd~neartthe;~.toe of 2;: - ,, 

the dam. Asthis produced.~foundati'on,~conditioh:s~:.,~hiich., ,~,~. i,: ...... :,::i ~ ,' " '~ 

wore not satisfactory?to the !:dmsign,offi.ce .... '"~ ~ ~ 

model- studie s wore made ' to ,:determine ~!the-lpossibi li~ies ~:of lit hr0 ~);" 

sloping apron, .,which,'iif ~properly :cons lui're 

some excavation, downstream from .the too~ o~%the.;?'~; :~,z- ~ ' 

The : sloping apron, 

would not have,been a solutic ., 

he a o deprosS~Sd~t0 obta ni~ithe ~ : ~ i- form on it. ,With_t ~. pr n ~ : ~ ~' i • 

proper rolat i on.t o t hc ~.~tailwater .~10v01, it h~i aCtlion ~,was ~,i!!~!i ,, 

the same asdescribed ~in Appendix I. i~Many.i!tests%w6ra ,:; ~ 

made to determine the ,:proper, ties ~of a'~::sloping ~,ap~nt~hat ~ ~ ~ :III- 

would satisfy all 'conditions. ~i :: ' "i~!:-!~%~. ~. 

The first apron~invostigatod((T6sts<8~&i~9, . . . .  

Figure..6) has. a 4:1 :slope .v~.th ~-theilowest :.point ~iat ~~E~ew, 

490, first witha horizontal section~at ~, ne~.end~and~socond, ' 

with a 6:1 slope~ upward. Himprovement ~.was ~indicated (Plato 

18). The apron was.lowered 3 foot,with ~he~horizontal~soetion 
" . ' 'j, 

lengthened and a trinag~lar •sill ~placed. at the ~ end ~ {Tests~27 

&30, Figure 7). Conditions'were slightly'improved, but L the 
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+,. 

• + , ~ s + +  
excavation at the 'toei:ofAthe+~dsm'w~s +s~i, ll itoo~dee~. : + . a :  . :-,-:::+ 

• . + + . . . 

e a r n  +oz+d+~++Of++ • ' + t h e  a m r o m  . ' - + a s + l i : ' + o d  + , . b y " + t h e  + : + d O S i g n  ,. ,.. : ,  • . , : ,  + ,  
result, the upstr ' • - : . . . .  

office ,such ~.that thc elevation of ~tho point. +i+of 2intersedtf0n 
?+ . . . .  : +!~?~ 

of-the 0,7 slope on :the}~d6''~nstr°a~m~face'i!0:fi'!th°~,_.:~. . . . . . . .  . . . . .  + : : ~ + ~  

. " • i E l e v . , .  ' 4:i Slope,of the apron+.should~not+if~'l~b+IO~+ - -  m 498. ;~+!~Lin i ,  + • ~+<~ 
. . . .  ++ + , . '1 "~, ::a ~': : .k~; + + ~  +~' + " + . .  + " + r ' ' : r " ~ 

: :  . : • 
• + 

order to +obtain sa +isf~ct°ry-cc°~df+f°~m'+:+herof0re" ::ths +~o.-rn- . :++:: +!+-:,+::+ 

r+  

stroara + end of :the :apron ~was +1+o~+e ~ed. ,: :,This ::~as r:co~ 
. '  i , .  ~ . ; . + .  ' ~ +  ! • '2 .  ,,C;,'-:,>'~:'L:'.:.. . . . .  " ~ ' "  . . . . . . . .  ~ 

ing the horizontal +section, al0ng~, +++h+ + ' +  +;I ' ; " : . . . . . . .  + '  m'" " . :  + .+ + . . . . .  ] . I ' +  . : :  

time lengt)+cning .the +.apron +- - • : + . + ,  - +  . . + ,  

. . . . . . .  Dro-~ ,+ ~::. horizontal ,part om-+nu ,~_ " ., .. 

shapcd sloping s211~,P lace+dr ~ " T'+ I ' 

@ 

&lthough the tailwcatar :orovod '~ ~]L 

com~uted, .the scour ~-ould not be ;.~o~io us~i!(Plat°~lg,:'< +:: - c,,. 

However, the :tail~ater i S mo~o .~iko%y t0 'be ih~ghor ,~the~. com- 

~utod, especially if portions of the cofferdam;:ar~d:;thb .,exca- ~. 

voted rock are loft in bho river bottom, producino + :an 
-:i: 9 

: 

Dosi~ Condition No. 4, pa~e 2~. 
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' . ;r•;- "'~ ..... • "i~•• '' ~• _••~. L, ..... • . . . .  • • 

obstruct'ing-effect. ,Also ,the ~spi~llwairi~occupi, es i ; , , ~ v ~ , ~ a ~ , ~ .  . ~-:~ ~_ " " -- _~:~ii~! 

of the width ~of the .:ri:ver and ,some :!dzop.;i.s ,nec0ssary-fo~ ~ :~the ~ • " ........ 

flow over it to sproad~>~ho ~fUTI ~:r.i~d.%h..i.-~,Sf itho_~, ihigher ~~tail- ~: ., ~. " '~ 

~ator exist s, the <cond~.t~ons i!wou!d !be.~much.~better ~han. ~:in ~: ~ ~ ~ ~: : ~- "~ ~ " ~':i 

dicated !by the model tests :(Plats !~19, D)~. '~The !act~ion~of ..:,., 

this form of :protection ,-.,ould, ..s~tlis~act0~# . 

from the ~hydrauli•c .:~~,standpOi~it a~•td i:sinoe'i:,itS!:~cost.i. ,, --..~ ,: ,wou-id "ibo ibe. ': ~ :::i 

lo~ any other form giving , .this-~ensral ~ ! " ~i~i~:~! 

typc ~as reco~nondod for .use on ~tho :spi~l~l~ay :of ,t~h'c~iWheolsr - 

~ 1  • h e  ~ t e s t  s l o a d ~ n g  t o  - t h . ~  . . . . . . . . . . .  ~ e c o  . ~ n e  .~ - - "  

r ,  o r c  n o  t " . t h o r o u ~ h l  y .  i n v o  s t i g a t  e d  ;.:. : i -~ I~ ~ ' ~ s : i n e c o  ~ ' : :  ' ' : ::~-~ 

pedite do si gns ..and ~only :onough.,t o sting :~a s ,:done ~i.o~.'~,.eac~i. t y~0o" .~, ~ :'-!~. ~ "~/:ii 

. . . . . . . . . . . . . . . . . . . . . . . . .  

to investigate i~s Ioasibi /and,obtai'in . . . .  " . . . . . . . . .  ' " " : ~  ~comparable .data. - ' , ~  

A : c h a n g e  ~:in . o r e  s t  ,,dos i ~ n ,  ~ . T h ' ~ c h . ~ p r o v i . ~  . d e  d " " ' " , .  ~.::,., 

@ 

the jump-height'.curve (Figaro ~iI ~) foraprons~at~various ~sleL> ~, i 

vations,__, shows that a level .apron ,at i~,Ele~, ~484 ,~ould ~no~ ' ......... ~bo'~'~"'~'~ " .... 

adequate !~'or Slow, s greater ~than 4S0j000~isec0nd-feet and that " ~ ~. 

one at Elew..482 .would be much bettor. Thc ,apron ~would~be 

below, :the stream bed and the end of the ~pool .~ould ~have ..the 

same effect as a secondary d~m, :l~ feet high-,.-ith the c~est 
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at Elev~ 498, thus causingTthe i:jhmp ~to~: 

hi@her flows. ~A study ,of iFi 

depressed a~on resulted in the :horizoutal ~part;iofl ,tlle ,i~apren : ..... 

~ ~ !i!ii!:/i ~ ii ~.~I 
bein  lowered to 485  ( est  35! :i Fi  e ,, 

not give sati sfactory ~re su.%ts ! !(Plate i~. 0, ,~.~) iand~.di!fferenti~.-~sil~le ...... ~ 

were tried (Test s 136 ~& 37, ~Figure ~ ....... ~ .... " '~'~'II ~-.,~ ~ ~-i~ ,+,-, ..- .~. .... i - ~.~-, 

Very little difference , w a s ' , n o  te~0)~. ~Tho flat ~. ~ I - ~  . ...~,.~ 

of the apron was lowered to ~lev. ~,,~8~ (Test 38~ ~gure~).~ 
. . . . .  ~ "  - , ' ~  , i .... 

a n d  a 5 - f o o t  t r a p e z o i d a l  s h a p ~ d  ; s t ~ l l ~ , w f t h a , ! ½ : l ~ s l o p e  o n  " • ~ 

the upstream face ~was placed at thei~nd, Consid0rable ~;im. 

provcment was noted (Plate 20 ~, D) but n0 ~factorilof ,,safety 

was provided for the maximuz ~ischar,ze ~L(Plate!21, ~A)~and it ~ 

was deemed necessary to pro-~ide ~more po0! ler~th. 0ne~method i~.~ ii ~ i 
;• ...... ~ ....... i ~ ~ii~• ~ i  

would have been to ~lower end fen=then ~ne ;downstream~end of 

t h e  a p r o n ;  a n o t h e r . ,  ~~o l e n g t h e n t h e . ~ h o r i z o n t a l  . p o r t i o n ~ o f  . t h e ~ i  ~ • .... " " 

/ 
apron by movin~ the -. " 

have accomplished ~ho desired results, ~b~t ~ould have natural-~ ~ ~ 

,.~~ i . , ,~.~,~ ~"~<,!.~!~ ~i '~ i . . .  . . . . .  ~ ~ _ ~  , " -  
ly increased the cost of protection and ~amure~econo~ic~l: "•"  

zothod was sought. ,~ ~ ..- . -  . . . . .  , , , .~ :  !', • ~i,:'/ii-.~ 

The pool was ler.gthon~d flattening " t h e  ;sloping , - 

part of the apron ~nd using a larger radius Trom i~he face 

of the dan to the ~slope. T'~,~o sot-ups wore made on an ~8:1 

sloping apron and th~ results compared ~vith~thoscobtained 
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wL+h__,,_ ~~tho 27,foot___ radius.__ ibucket : a n d  ~4:1 ~slopo. ::~'*~;~.~. , .  : - the on apro1~ 

The first .8:,i sloping~apron~had ~a .---~._ .... ...... ...~ ..... , ............. i :. , ..... ~ " 

(Test 48, Figure ::81 -and .the :sooond~had ~a .V,7..6"foot/radl us'iiii: :: :::/i. '- /' :':; i~:( 

(Test 49, .Figure/8) :~ ,:coml~ar~,son~of/!.tho .resUltS {(,Figure . 

12 and Plate "21) ::shows :that :~.moro :,water '.was ::~rotained.~.on: " !i "- "~:. : ::~i;!i )~',! :! 

the apron with -.tho.43,5=f0Ot.radius-~which :.rosulted:in 

slightly loss erosion, iHowevez,::',tgis?particular:(set-up, . /. c. i" .. 

would not satisfy ~tho ::foundat,ion,;condi'.tions':stipulated ; b Y . ,  • :.- 

'the design office and;a compromise:.rosuitod:?betweon:minim~ ..: : ~, 

excavation and best hydraulic cendi~ti'on s.- .Tho~8:l.~sloping . ~ .... 

a~ron .~,ith a 77.6-foot radius :buckct ' with::,the'i~horiz°ntal 

part at Ele~. 484 rWaS adopted wi.th '-the ';type i~of :siiil :at the 

to end of the apron subject cnau~u. . . . . .  • .... 

Thc necessity of ~a ~s£-~'l ,on ~an :apron, Tor ~discharges ~i~ 

other than those for-which the hydraulic ,jump .would':form ~ - 

within the 'length of :the apron,-~was ~ra.veal'od '.by,lithe: ini.tial ~-~ ! .:~ .:.i.-:'-i ) 

tests on the sloping :apron ((P!ate :'.22)):~. )A~si.ll:allows a con-.,.. . • 

siderablo shortening of -an apron ..whi~.ch~reduces tho:~cost iof ' ~' " " '  . . . . .  ! 

excavation in.any case. The .cost:of: the sill~,is 

balanced by 'the saving in .the ,length-:.of.-.a~ron.-, 

Numerous sills, some .of "which :wore ~usod in .~the • 

preliminary tests, ~crc investigated :to &mprovo thohydraulic 

conditions in the sti~ling pool and give the necessary factor 

of safety for the maximum flood. The first, a triangular 
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sloping, sill (Tests 27.& 30, Figure '.7), ,was :unsatisfactory • 

because of the sharp corner~on .the do,nstroam-.top..odge.~ ~Th s .: : 

condition was much ~mproved,by extcndinr,'...uho s~ll a. Short:. ,. .~ ....... ..... !~ 

distance horizontally d°;'~-nstr°am~thusf°rmingia!~Tlat/i~eP ~ -.~ • / .: ..... , :i! 

• • J . .  

(Test 31, Figure 7),. L :  ,.  - " ~; 

Sills 3 feat hig.h :i(i'osts~35~&<37,~,'iFi~-re:,7) With 

different slopes on thciupstream'!facc .ware ~,.tostdd {(-Plate :~.~ 

20, A and B). These wore fot, md/inedequate.~fr the 

point of erosion and the:height of-the ~stll .was--increased " ~. • 

to five foot (Tests 36 &38, Fi~rol.7)..~TheCS-foot :sill:s~: i . :".~.: 

reduced erosion but apparently produc0d/~£css idcstrable-hy-i :: -~ :, 

draulic conditions (Plate:20, C:s_nd?:D);,:: 'A.close •.study /' i 

Plate 20 sho'.,vs that, in the .case~ .el !the.~ ~.sma!icr :sill,.;th01: i ~;i ~ 

river bed was croded~to su.ch an<extent th2~t th~.,offective ~i !~ /'/},:!~! 

:length of the pc01 was /increasod ,: and .thus~all0wed:aibetter ~, /~:~i, 

formation of the jtnzp. As-:in.tho case of ~tho ~or.S£1~, 

tests v:ero made on ~ho 5-foot ,: sill with, :differcnt :. Slepos:.:on ~;.i 

the upstream face. Visual tests ~rovicd that-:th0[}i½:l :slol~-:.: >~': i:£ 

ing sill gave botwor surface conditions ;th2,n'tho ~}l:l:,:slopo . ; . . . . .  

erosion frum..~ha~_..,~th ,the (Plate 20, C and;D) and reduced:the " " ~ *':~: 

2:1 slope. It can be noted also (Plate 20) that in all icasos ~- 

7 

the j'~np is very imperfect at th/, maximamdischarge. This 

~'ould indicate the necessity of lengthening the apron. Because 
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of the .remote ~possibility .of !.the ,:occurrence ~of.',.tho:;~Imum '~ " . 

flood and the slight erosion~caused:~by:it, ':,.tho,:cost;of~.length-. • -- : 

ening the apron was :not ~Justified.. ~It .was ::ifolt.~that .~any ..... ~. 

improvement must be :made :by :.the :use Of ~an~:auxi~liary~:structure :.~: 

at the end of :.the.apron, ~such~as;a ~si:l'l:~or :baffle. ~,i: ....... • :i.i 

Mr. Charles H. Paul suggostbd:<excav~tingrr~On ~:a:,:slope 

L ' .... at the end of the Japronand :paving~to ;tho::ri.ver ~be~.~at .Elev .... 

498. Sovsral slopes ~oro tricd'v~ith ~thOq4~il::sloping:spron 

(Tests 50 to54 inclusive, ~Figure i8),,::Ixf:t :no;/O ~:.were ..satisfae- 

~ory from the hydraulic~standpoint and :-in r':al'! ~cases ,construc- :..:, 

ticn would have been more :expensive t~han ~,tho:/5-foot sloping 

(trapezoidal shape),sill., i . : ...... 

With the/l: I slopoT :rid/mayii~ ~ ~i ~ schargo ;~:~a ~.vory ' 

imperfect jump .was:formed,noar.-:tho .end of..,tne~apron .(Plate : - 

23, D), but itwas ~the~only~slope ~.that kept ..the ~,jump on uhe 

apron for all. d~scharges. The -action:~,-:as ~..vcry'poor:r¢i~th !a " - 

flow ,of 350,000 second-feet (Pl-ato.~.21 ur_d, :~"ralt no' 'agh'~.t 
, ~ c,. 

see.,n~d more s a t i s f a c t o r y  : in  soma : r e s ! : ~ c t  s ~thm2 t h o  :'8 : l : . • s l o p ,  

ing apron uith .a 5.foot :sloping :siill, its action-~as ~procarious 

since a change in !slopc:.!from l:l ~o ::i}}:i ::preventcd.:'.tho::~:junp r: ~ -  

from f:,rming on tb:.- apron .at ~maximur, ~discharges ;(Figur0513),. 

There was t-.ore water in .the-,pool ~_th gho i:I :paved :slope :than 

.~.ith the 5-foot sill, giving a more offsctivo energy dissi- 

potion nith loss scour (Figure •14). 
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"~ ):~" .,! ~.!',i .... .. 

. . . -' 

'/>./:, 

• , . ' 

• Tho Lrosults "Sf'.th'oso ~CSts :.~ro~o'd~:i~that,:u~ii~thi~the ~, ...... ., ; 

pavod : slopc s,•:[~ho :apr,:n d~.ad :to ',bo '~lengt1~onod" ;..~r.•,l~o~.orod,:i~n: D.:..:: ". ;:• ~- -':: 

ordor t c :.~ U'.'. ~i n .;c~ I K:i~ati~-s'f~6tcr.y: )'.ju~np :forL ? c21'i Ydfs Ch~rgC~s:~: !:i /:::"{: i::~ ' :;;;:.. :,- • i :L .~, ~;i! 

An an,..~ys~s.of thc ,reco_de~ ...data ,sh):.s tha~:,~?,hcl~- .... . ....... 

u~y. the • apron'::Icngcb~/c:)ns.tmq%,:!fof ;,.ead~.~;sl'opo••:•thero!,.~i:s~a ..: . : .-" i,:.~ :: LL ~ . :/:" 

be oauso ~in ~i Obta~i~/ing ;.if-.% ,)-'2bu'~--±'i ?shT.f96ioi~- :: : } -: 

i ly accurate. ~f0r :.thm ..~urp0 sa ,~' :;:inst ca'd ) ~=f ~:d~ctua~i~'~'~[:~ i:{ i;-}i: i;:i;i ;~~/?:. L;; ;;!: :,-~ 

vo i~ c i t y., ::l~ne < d ff e ct'i.~bne S s ';10T '~tkc :..ij U~.[~ {~S e~ s~i;i~b;d ;~b ; [. :i> i [. ~/~'.} :i i: i /):;ii 

'observO.tiC.n :~.r.d :.~o=b :.:~nr.icJ~icZ{:~}~<t i hc.'~;6L\OhOu-.~o~ <~:~i/o~t :':'-::• i: :~cl-~ !? ::.;:") :L. ":,; 

:/A : cc, m p c a ~ i s  o n  ~ o f  : t h e  s o  ~ d ~ f ~ r c z t . ) ~ . ~ S J ~ p o s  :~,. (,~, ~ u r c : . ) i 5 ) .  ........ ; ~••. • ..~ 
¢ 

" ~ ' :  ] : ~ : [ - ' , - :  :'-;<,-o;" .~'," ::~'~ ;:'-i "')::/i, ";~!; : '  :': ''~ " 

s h o w s  t h ~  c ~ . . s l d o z ~ J ~ I j  m o r e / i . - 1  '~ " .~ .... : , " "  - .  " . - -  ] •  :" . . . .  ., ,-.!,~;h,.of ,tai~,ato~., .,,~.s..nocos- "-'•?•" • 

i ? ~(<:. 
• . " " b Y . ) " :  ' '- 

' " '  "" . t h , . t  , . . . o  ~ _ : ~ . z = L ~ . C l O l Y ~ , ]  

loss tcil.~.ator "Ias/~rogUi!•il ~em.I ~t)_o '-hl~Irai}i:o~c:!ndi~tli~ns' ,~i0!.! L .; .... 

come .loss :.vi :~Icnt ~ith .loss'oroszou ,:=ostt%ling~(iiguro' i15).... 
..... ~ ..... :' :, ..... L~ .~, :; ~ !~'-;";: " 

55, Ii guts B):, ]but: r21:, i app-~_ron~ ~imp~-o~¢oiz~n'~: .~as :n6te~d., - " 

Tho '.8:'i :sloping apron '(Tests :56 .and 5Z, Figuro ."8) ~' 
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. . . . .  " " . ' . " ~ : - i : i i  " i ; ~ : : ,  ~: . L I  " . - : 

was :tested to "determine .~i.~ s-i:eflfeCt..~uponi:!th e -~.a:cti.on,:.sf..~he:. 
. ' - . - : '  . . : • / { L  . . . .  • ,  _ /  . " .  : " . ' " 

s l o p e 6  ,pavomen%, .~2e mi I  . . . . . .  " 
@ • 

prac t i cally .th,~ ~ same ~as 

complete ~set :'J~ ~tests ~w~ 

The ~advi sabi:li:%~ 

sl ope ,upward ifrom Ctho: top 

was ~£i rst :~trio~ :~(Te st ~59, i 

form on :the ~apr0n :at',:,~lo.~,s 

(Fibre !16)land ~the ~paVo~o 

were tested, 

il J, wor,Asi'll .~ and.~the~:.3 :l isl opsi,.: more ~!excava-Li ~ - ""~. '~ !',~ 

t i  on was r e q u i r e d ,  and:-!the ~ ~pool.~sizo ;~tas ~increasb'd L(:; F'~gure}~I6):. ~ , "  ~ " - :  .... [.,<... .:. .  ~:-i~ 

'thus al lo : ,v ing . ! . the  ~.. in - . . . . . .  : -  . .  ~ . .  . -  . . . .  , . .  , jump..to ~form ~on ..the ~apron~for }lomger"idi, s2. • - . ~ . . ,  

. . . . . .  - ,  : . 

charges  :than .~n : ~ '  " ~ " " " ;  i ~ . ' . , ,  . . . . .  
, y of %h e uthe r ~set-ups. ~ dlfference ~inl, hy- ~ 

drauli c conditions .at ,medium ~flows ~was ~apparent '~(Plate i24)-. 

and bece.me zore pronounced.as ithe :fl0w ,increased. ~With<n ~ ~ i ~ • 

d i s c h a r g e  o f  6 5 0 , 0 0 0  s e c o n d , f e e t  :-and :the . . t a f l ~ t e r  ..depth .~itO 

give a satisfactory Jmnp on the apron, the sar~ ~differonce 

was noted (Plato 25). The high sill ~u~d the shor~or~pool 
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@ 
,:. • • • ., . • • 

• "~• • • , " "'• • " I ~ •. . , •,4 _• ~ %  ,• ..• L. • • 

/ 

gave rou~ " " "' ':"" " ..... hydrauh c ,. co?~dz.~ ~on~ ..,oh ich .;rkJ Suligd.~'in~moro,icr~ s'ion ~; :'- :~- :, ,.~"... , 

~late 25)and i.t~.was ~.thous.h.t:!,i~hE~ <thi-s..itYpe'0f-ii , :., .-.. :./.,..: i .--. 

not as satisfactorv.:as~.the<si]~l~Tone~becau ' 

allow• a natural :~. retrogress ion::~.~'f::e'he :;;=iveri bi . " 

@ 

The diftu-ser ~type ~':sill ~had [proven .:So.~effective ~on"!the:<Gr~d .... : ' ......... 

Coulee : rood'el ~.that-'.tests "were: i.m'dc. ~o ,:ob' 

of such..a:si~l ..... ~ "~ '.for . tao . ,~nee ."er ".apron. 

.The ~.di~fusor :up ~of :i n~-~rous i:dj 

and ,caus~mg ~a ~'do crease -.in .: thg.{i~volo Cit:y.~:~:f":.,i-~h~i!i~ater: ~.aS~iit~i~ :"i 

passed thr.ougih ~the c~bors. {~Par~ :i:of i:the~s-~ro~",!of,iwat0'S i'i-s " 

@ 

on the apron (Plate 26]~. ~!Thi[s~roll~}impinges,upon~,an, d %ton~s:i~jli ...... 

to reduce the volocity,.Of :the inflowing::sheet[". Also, 2 , '.:;~. ........ J~ ... . vhe 
-. : .. ~ . .. :: ~' 

impingement ,.o f ~:~he '.jet s : i ssuing~from ' ~.thc <chamber. Lexi..t s :.'re-... 

duces ~.tho •velocity, aiding ~"~ ....... " ' '"'" " 
• . ;in ~t.ko ;dissipati0n.~:. ,of ' thc. . :.contained ..::: .:~,~ ' :~ '"-;~. 

energy. ;Probably-:the .most: usoful-:featuro -0f i.thi s .~typ,~ ,of.;Si2i0 : .. r" ., ' 

.was the "distribution of ~elocities :in -;~the.'.tai~lwatQr :-do,~rnstrcam. 

j l  

C 
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k ,  

@ 

@ 

: " ~. L • " r : 

the • ri ver ; bed ". whi ch , " c a u s d E  ;:.; i: ;: i:!.-~../:.i, i : i .. :.. 

The. above;~charac~ori,;S~ r ,  ~:'"~":~-~"'-:/!ill : i.~..: " ::i. ' -  ; . / : "  

their effoc~ivenessi~e.. ':"~:.:.";, .~::.: ..... " " ; ' : .  ; .  ::-..:i:.,;: . . . . . . .  

1 4 ~ f O O t  " s i l l  . w i t h < c u r v e d . i u p .  : ~ ' = "~  : ~ : :  ' ~ :':';~: : ,  .~ * '  
• ; : ____ -top ~ at ~Elev.~.,~:4g~ 

(Te st. 58, ;Figure ~8 )%;..:. ga~e_ . ~:g( on ( (-Plg.ti:~'2:6~" ,, ~';.. ,~ ~:~.;:;- . ..... '"";... Ji, '~ 

i an~ B ) ~and.;s light~ ere sf on :[(.Fi-~e ,!17,..):.,:. i;:~The" ~sec6~6 ;;./,~:; i..:,...: "'- ;~ "; ':: :/:{.::;:.~T: 

• t'ree-m ~ ~ce ~~d ~op "'" ~~"; '39: 5-foot sill :.with ~:cu~ve:di~.iu~s :: : .~. -~iat.:.Eiev..i:~,.~ :-'~i:.:, :.,t....:~-. ~;: ": "/ -:: ....... ,--,:.~ 

(.Te st " " ' " .... " " "n'-~ ,~ ,'~-~=~uu rale :;!:"2L:" ~i'=:::conside ~ " b '-~": ' 6 3 ,  ! F i g u r e  ;~9; . ' . ; : ' P l a t  ; . ~ 2 6 ,  i C ' : ~ n d  i - . :.,', 7,~,  ;, . . . .  ;" 

increase in erosi on !. (,Figure !j!7 ~ )., ".<.Some.X!mProvennsnt?x-d~e~)i~: ;:=; ~".~;. 

tho 5,foot sloping -'si'll~,as ~:note'd.!in ~,%he :secon~-.: c i~i ~ " 
ase.r, "e ' ::::; ~::'i 

18).. The ~.upstream. face -of ~the si, .]~w~.~~-a~:~~+ .:., ~~ "~: ........... . '" ~::."" 
. . .  ,. . . -  , . . , . .  . .  . . . . .  . . . , , . ,  S ~  . . .  . . . . . .  , . , .~ : ,  

64, F~gurc ..9) .:~n. an :attempt ,',%0 ~:im~-x :;~,C~ i _~C:~ ::~":..",:.:.., ... "i:" :.:! ': . ":. !-i _ :<~ :': ! 
. . . .  .~' .  ": ' ~ ' ~  ~ , . ~ n ~ , : . u u n a m . ~ r o n s .  ~More i :" . ' , :~: - '  ':L.~<.'."~':. 

impact, reset od and .,: sli gh%: :,.~impio vomont/~was ~ndt ed;i: (:Piat g"; 2 ~.;")i ~;~' ~::./.:il/.;"'~!:::i;, ':i;: 

B, and o,, !guro .~19) ":but ~tho .'iinereas0d :~i~,~+ ~;~2~-..;-~ - _."2: ' .. ;:-~)!.-.;':i;~ 

abl~ an . . . .  i.. ; ' : . !. ~.:~..~ .... : : i ~ .; i~. !" . .. :~, ..... : ,!ii~:.i~;~ 
. . . .  wcre made. .... . . . . . .  . . . .  . . . . . . .  . . . . . .  ... . . . . . .  . .  _ . . . . .  . . . ,  

h e  ~--~o~ :nu~uuc~ ~ ~^ ~ "-~=--'- :dentated ~sill.~w~ . ~o~ ,~ ~= -;~ " :::~.' .' I : ' ~: 

"Conditlons wore .:improved (Figurc:~19):but:.since ~.%hf.s-sii.'i ' i "-I .. ; 

-105- 
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, ~ /;~ ~ ..- ..,: i.,;~.:il-.;'~. ~ ..... ~, ,. . . . .  .. 

~i. f. ! ~ i ', * ' * ~ '. '* ' ' ~ ::::~ ' ' : ~ " ' 

~SIO. ~,~. ~. ~ . ~ . . : :..!.~ ~,.:~ . . . . . . . . . .  - ~ . 

..... . . . .  , • 

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

"~"'~" ;~ii ~ :"i.:l ~ i:~;:I",:~ • "~':i.- ~! ~"~.. " :~'i. i :C!; 'i"!~;:.:;l :..i::~;,'~r + . ~, : .... 

. . . . .  '< : '.,, "':!:. :i 

"~" i , r. * .','" , ' 

• . . . i  .!~ ~,n :~io:.i, i, Q,-'.ji.'iO, O~ ~' '~ .... : ....... " ' ' 

if :'~ .... ~ . . . . . . . . . . . . . . .  

I ! i I~ lSTAN ;EFFI :OMTILI E&M; FAOE OF~.I:)A !i.i . . . . .  : , : , ,  ' 

'" ~t No. 491: ,{ .77.6' radius~bU;ili;~.wi'h~8'~l' '*!.i ;:;i!:/~. ::;': i ~:;:~.~.i:i ~;ii~ I i?i;~i ;~i.~!i i!ii: 
i ; ,o , , .  l o ~ ' : "  ° ' : ' * " ° ' ~ ° " - "  ' .  T ,  o , . , ,  ,do,., ~,, ~i ~ ~  ~ '  ~ ;~  ~ ' ' ' • ~ a l e ~ l t l l  p I T "  OIr.! r ~ ¢ ~ l ~ l r l  ' F . l l ~  : - 

--Ti sI;NOIS~. ':II:?-?.G'J r(Idlu i~buc et~wl h~8~I .! .. : .~ ,~ .- :,~=I [ . , ~ i ~ . ~ : , :  .WIII:'EI~EI~ :[I)A~::i:. i!'i' ! 

. . . . .  Test'NO,Ot~. ~ '77.6' rodiuL:buc et,  with~8~l ' I 

o !,"/ ' '~. ~; '/:/,' • ~,~ ,/i~',~.:L "~ ~'~' '~W : ,,~'~ ~ ' , ~,~ ~,~ • : ~ %, " , " ..'"~ ~, v:,M~.~'~',','.',"; ~:L~. ,' -.::,-~,: ~,:'~ :'/~ ,~ .~ '. 

4 " ' " 

:,lie(, i ....... ~ "---"; ' :.. ," ..... --'~"?!' '-- ~,-- --~-~" ~-..' ~...; ~ ~-1,' 7...... - -,. -. ........ ~ -"- ~ -~.. ' ~  T--- 
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de pond s upon • di re ct :impa ct :,for!it s ~a c~ ion :;;:an'd i~gqUi~os ,:ox- • 

i@ 

@ 

No considcration ~up '~to ~this tt 

.,., ~ :i: ~:! ~ 

chambers and : 

dam. With, a~c 

8 foot highwi 

constructed to 

tion ~oi.uts. 

conditions, bu 

pressure area 

wore added ~ T0st 72 . ~ i ;  ; :?:~;-:~~,::~i:~ ~,:-~::~: ~i~",~, : ~  ~ : ~  caps ( •  . , l ~ e ~ 9 )  ~ : t o : . o I i m l n a t o ! ~ l t , / i : , ; T h  e :: j ;: :: : 

caps produced'no :apparent lloi~foet,:0n~0thorL~hydrauii-c;!mndi~ti_0ns : : i" 

and paint tests :i.indicat0d that ~/noi,vacuum~:was` ~sL~+.~__ _,,,:/t~l~+~:L~~ LI~ , :: 

2 8 ,  C. a n t i ' D ) .  Althou ~ii~;~h~i~ : sill-:,~as~ory/e~feCt iVo/,~::~it ~vaS : :  i : :  :::~;. 

~ h ~ u ~ t  t o  :be: mo re  :~th~m,:~aCioa_uate and  i~a ~ ~ m a I - ! e r  . . . . .  ~ s ~ l ~ w ~ t h  . . . . .  : 

,. . • ...:i ~,,hJ>~" 

I0) was trigd. -~A :'~ o:~27~U/~d:~i~ato~29 ~ _  -.-~-~ , ~ .... J 

: shows ~that ~:wh~io .t~ ~ as ~ do~rabLo ::as ~tho ~highor 

sill, it :is vsry~effoctivo : ~ ';~;: cnce ~in ~,~erosion ~ 

is slight..:ProTiles ~,of.,~va~or :surfaco~ amd,~.rivor ~bod;~'(Fi~ '~.~ i 

sho.~ thcse ,.conditions. There :w~S also~ a~noted ~:!improv~men~ ~o~,~r 

the 5-foot-sloping sill i(Figure Z1)--and :the ,' diffuser :sill~was 
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reccmnondod for ~use ~on;!the ~Wheoler~apron..L .i!."- L'J "i '~ 

:'Aft er ~i t s it o nt at ive adopt i on, ~mad~ 

the sill :to :eliminate ~any,unde~ira~le " ....... 

present. Paint 'tests'~were~mado :,an'd ~r, 

those for the Z 

of wator.surfa 

22) acomparat: 

erosion. 

The itailwator -eleva 

to form,on the apron ifor,vari 

%-. 

23). 

second-feet, ~the ,;jump couldmot ~be~-~" ~:"-'; " ~'.ff ~2he LWL';~ -~L;[ 

apron. ;At higher ~flo~s ;it °would inof Lox6eptl ~-" ~i~ ~iii 

with abnormally low. ,~tailwater. ,The :j~p ;-aimos:~!~fa£,is{:Jlt0/:!/ ~:;~ i :- 

form on the apron !for thc ~maximum~discharge ~wi~t] ' 

water at i Elan. : 509.5 or ~2.1 .,feet ~.bolow ~nor~ 

factor, of. safety ~was -also ;obtained ,~ ~:diffuser, 

Piozometers were .installed ~(F~gU~,i2~-) (4 oL,:v;rify 

the existence of,negative pr0ssures within",itho si~i~e~bors 

and to determine &the imPact ,on the ,chamber ~wall. ,Those 

openings were connected ~to,~glass!~ubes,mounted~on :a =graduated 

board outside the ~flume ~to which the center of;eachopening 

was referred. With steady flow conditions, readings to the 

-114- ' 
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thousand thof~a 

piezomotor~op, 

modeliin~feet 

totypo~press~ 

Tho prototype 

S0me~ of : the~ p ie zone t~ 

relative ~position ~_on 

reading was ,used ~in 'I 

With ~.a flo~ 

refer~od ~t o :;,tho 

,q 

negative pressure ~va~ 

entrance end of tho~ 

smaller discharge s, ~a ~: pro ssuro ~!oXiStod ~a~ ~rs: 

that asthe :flo~', ~ ..... ~ ~,'" " " ', ...... '- ' ~ ":~ ~-~, ~ .... :" Increased ~the ~ress~res ~Incroased :~or<decreased ~ ~ ~ 

( Figure 124) "ideponding ~ ~upon ~tho ~acti on !:of i~tho .... 

i T ~• ~ .... piozometor opening. ~ he~draft~,tube~action~w~ e d ~[i~ ~ -~- 

by the gradual iincreas 

-exit of ',the -'chamber " ' 

,J 

recorded on ,the~ upstro 

As ~a result 

pool of the Wheeler,mode!, the ~sl0Ping~apron ~i(Test 7'/~3, ~Fig~o :: 

i0) :~ith a 77;6-foot ~radius ~-bucket -and ~8:~l~:~do,~n,r, ard ::slqpe .~to 

Elev. 484 and 6.5-foot difZ,aS0z~sill at :the end :-was :adopted 

as the final design. 
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in ~the ~stilli 

was ~diffcrsnt 

action ~in ~the 

included ~Ln ~.tho ,~de sig~ 

dov~s~re~m i!.from ~ every ~ 

t o ~.tho ~end ~_Of ~,~t he ~apr¢ 

of ~,the ~,~,walYs ~.was ~aue s~ 

thoir ~foa~ 

pro sent Od 

that '.this. 

• . . "L" i 

0 

not :be -logica 

~a ~result ~thoy 
• L. 

.the operation 

tests on .£ 

.. at r:loast ~ 

• assumptio~ 

the high ~ headwater ~and ~Io~ ~tailwater. ~Photographs of ~the 

:action of the' ~;all (Plato~iSl) and:of ~'tho.i.pos~ion:of ithe 
, • . . . . " LL. ' 

i 

@ 
-L~2- 



• , :  . . , .  - . , .  - .  

gravel ~ af.ter, each ,run [I 

• charges, ~,ater Lflowed I~ 

: int o ' the .~jum~ 
-:"~:•~'~, ,. : . . . , ,  ~ ":~ ~. ::i!.,;.~.i. :'.~-~: i;, ~~:i?i..i.. ~ 

: l a r g e r  f l o o d s ; . : i i n  ~¢hat%tho  ~ j e t " ~ o r o d 6 ' d ' [ v } ~ s t ! d o ~ .  

end  ,-or t h e  , ~ a ~ l  t ( P l a t  o , .32)-,~and, a .~. wh:lri:[  i '~'i:':': ::on :;the"":'"U~i:~'a~ :::*''? 

:closed ::set :piled ~.:a.~.consi'dera~Ze ~am0unt.:~6T ~[s~dli~6i 

Tests ~wero not imade~i±h ~> ~ • ~~ ~ ~'~ ~~'~ ~ '~ ~° 
. 7 !. :, • % i ~.: ....:II:.:L!:I" :, ~.,i:~':?':i..!! ~'?~'~w~i:'? 

•:. - i 
L 

i ;<,~.? ~ ' , , - , , ' . . : ,  ,~ . . . . .  ~'. . . . .  - . . . -  - , , .  ,-:.: ~." 

rL-, ~ 

__ _ . . . . .  ' ". ,~." :. "V .~v ~ V.~'. 

to believe ~that ~theL~a~et±on'~ould~:ibe~iimprove~d~i~i,thii.th~i!%~i~OcO£-~hO ~LYiilb~i ) ;:(:!i 

' diffuser :sill, '.In ]~act ~ono i!6f- ~~he ::~ro~s6ns9~e~ing~i~to'.;:~.the ~de. .i ~ L!,. ,,i. ,."i ~, . ~ i]~.i,~::'.i !i 

the•possible undes±rable,~crOss~cu~e'ntJ~ii•i•n,::~o~istii~li~g:GOol!!:i~;i~:;:L~i ./-L. •. ;i~.:~ i 

caused b~ 

The i poss~ 

.with :the "larger dz s charge s <zs ~.very ~romot O 

at lower iflo,~s ::need i be , iseriously ,:cons 
- :.•, L. " :;.;:.i 

.be immediately :eliminated ~as ~seon ~tas ~ 

to 

bilize ~tho '.unbalance'd ~,condi,tion~o f -hi 

.x~ater, .~thus ~aiding in ~:simp!ifying tthe .~.~ 

A - i i 

_'I ' ~" 

"'L i 

• • . -  . .  . 

To :design tthe i~wall to -~i.thstand ',.the ~'di£forenti~'l 

pressures existing, ,.~hen <the. gates on :one ,-.side ,~:of ~he c 

wall ~ere •discharging and :.those on the :other :side -were 

LL~  ~ 

L "  ' : , . : i  ' i , .  , ' ,  - , 

- ] 2 4 -  
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. • i.-,. 7!! : , :.. .;~ ,.:,,i/i • i~-. ~:;. "'.",. ~ ,i, :. .'..: 
m% ,was :necessary. ~to.,,obtain ~,tho.~:prossuros :~?lixch ':werel :-! 

-not obtalna 

iod at into: 

V~oro .: COZtlIe O" 

o~.t sido the 

which, . ~hon 

sure a% tha~ 

~alt s :.wore .: 

# 

f 

Tho 'prot o ty~ "" 

:Th 

tho .tailwate 

u # . o n  ~the . : f o r . ~ : ~ i : b n < ~ o f  :;%h6:.;!ju~p:~,!!::,~.i~i!iii;S~:,~OS.vfous;:!;~Fi~ei~.25.:)ii;'i:!!i!~!.ii: .::i:,!!!. • ~'.~:i ~: ! 

that as ~. tho  ~:d i  schargc-:;incroas~ s !~h6 : ; j t ~ n p ~ , m o ~ s . 4 ~ o v ; t # ~ d  ~. i the- i i ,e~, /~t , ,  .- i!'..%:!;.:::!.., , ~"~i(_ : 

ol . tho ,apron.. causzng, a ~:Zrea%er ~"differontial ~-.prossu~.el. : :!;Thb:-~.;:'! 7: !?:.1- !~-i:i.. :i../i-i.i- ,~ 

• seufoty, o~ tho ,,all ,~odl'd .b .:-"" ' ' ' .'" : -.~-'. .~ • "- ~: :.', '~ '~. ..... .:,":. '.,: ":<"' .i,-.:..~.., '-,..-:~ , " , ..... " °!.!:~ncr°as ed 'in-~.he.-.':~..nal:~aes!6n:as:i%ho~,-~:i ::,~ ~,:.:.!:~:.i:.:i 

• : ~ . .  ,:.--. : . :  :: : : ~..~..~ : . '  ..,., ! ~,....,,i ,:~.-:.i~,../.~-,~.,i~::~:~,~.!;:~;:/~:,Y~.-~i,i/i!.?/%-,:,.-:~ 
prossure, on ~.tho .-kznstz c .<!Stale ~and -'::~ecreases;:~tho ~i'fforenti~l:4:.,;.:?..i :;;~!, ....:. .!4,. ,-~.~ 

pro ssuro, i ~o- . ~ ...~: i .:/. ~:'!...i~!:i: ':i .. ~"j . . .::" :. '~ ~.'.--,../.::.i/!!:..:.!i~:~-:~.::::%:?~i~ /, . i. ~:i ~ :..?:-~ :i.. ::: .i.; 

. ,  c . • • . . 

'During..,the .-'ent ~ ~' '~ 

st i II ing-..p ooi .am ..undo sirab le : Cor~'d~tion .,. Of--~l o,~ i0 c curred-:down' .:.:.:.! c~"ii: : . 

stream .: from .the s~i lluay, piers, .., '." . . . . .  ':~i 
- .<: i, i 
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~The•."orlginal~desmgn<on ~:'~the"i.p!ers.~had...~'a~f, lat:~face • .~.~••,-•~ •.: : ,• . :i 

on the downstream i.sid8 if( • :- ...... )i; :iThe,iStre~s i ..~ . :'-:'~/:: :•.."-":;:i~i 

item"the ad " ~.. 

~pi ers "and ~ f 

~(Plate ::33, .i~ an'd :B).. 

:tendency ~,of ~t he ,'stz 

face Of' :the idam and'Ib3 

At ~the 

. . . . . .  iA • 

cross " 

bed. 

. on .the apron .~and :produced:~a 

stream from '.the if: sill i (Plato 

that ,,the .:elimina ti on ,o f "~t hi's'~fin:iWod!d~.~r0ven 

able ,,condit i ons.. Several i .~aI% eratlons ::. 

fact ory -de si gn ~ was ~o vo loped . :/i~.The :, ;alt erat ions .~.were imade ~.on ~ ~a ~i.-:.i.,.~. :. :. "~-: ': 

single .pier as .thzs ~: expedzted ~,testmng ...,:and ~.~at .t he-~.same itlmo . :.. 

gave a "comparison 'WLth ~%he <origimil ~desilgn,i -~i: 
• ... . 

• photographs :the ,'origi~uAl ~.and; altered ~conditio 
i / . . , J  ' • . .. 

l I n  each ~case the pier :,to :.the !loft.- "iS the i:sltor~d:~011~i=:/."'"~i : ! ' - -  l " - -  . "~ " 
7: 

~The :first ~ial•teration•~Te~'gS:-°iFim~reib~!i~s,itb~,:•.~ : / • ' 

use of a 5.87,foot :radius :in ~tho~/~zontal ~ple~uo<on~oabh" i.~!.,::-- :.".: 

• side,of the-sloping~rt of:the pier :nose. ~:Considerablo 

-/ 
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improvement ~ wa 

:fin .was mat, 

A s~ 

of a 136,5-f, 

:thr ca gh ~the 

pendi cular i :  

noticoable 
. ,: ~ ~i: (~i.~-~' • ~. ~.~, i . !~. i~i  ~ . ~ 

, w e r e  < e l i m l n a t e d  ~ ( P l a t e  . 3 4  

16~ered to ~such :~an .~oxtont 

:by ~.%he:~Si~11 ~and ~'n6 .~ eroai¢ 

radius !in '~the/statue -. plane 

paro~ 

of t] 

the ~, 

The added : concrete stii0f!d:ea . . . . . . . .  

• ;The :'.improved i-hyflraulic condZti!ors ~d iredUction iin i :: :.: : 

the amount : of con crete :~re sult ed .iin :',.~he :adoption : of jL~torat:ion : . 

NO. :2. 
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,D .  "Gate ~ O p e r a t i n ~  t P r o g r a m  Y f o r , ~ e d i l e r : : D a m . ' .  • i :  }i:.?i,i :: . 

Assuminl 

house i s ':'ol~ratlnl 

be ..in- a 'closed,-Lpe~ 

and ,the '.tailgater 

assuming ithat ~the 

mediate :.training ~alls,?~_wi~.th!~the.~appr0ach~:.~.oT 

there .would ! be ,.:a {definite ~I~ 

gates ,,could ibe ~raiscd ,, and?a 

.:an ~oncoming ~floo~d " 

/•/ 

form :in the sti~lling !~pool4.b~ 

t e s t s  w e r e  ' m a d e  ,on'i,  t h o  " " ~ " "'" " " "  ~ . . . .  '~ ""  r ''' .~A ' ' 4 "  . . . . . . .  . . . . .  " ~ --" , m o I o !  !such: ,~hat -~ the  : :e levate-on ',of Ctho ~'. , ' 

0 oning wet.6 : ' tailumte.r ~ud tthe ;Eato:: p . : . :}.~ .... 

:hydrauli c jump ::.~.oul~ ~satisfact0r.i~lyi~fomn..;,.. l I " ~ ""  i: ' ::- ' l ' ' :  " ' . l"~i~'':l~i' ~':" ~ "l:~ ~ .l l l " l ~ 

"With tthe -~re~ 

Elev.. ~55~, ~or ~14 ~f~+ 

.vailing -,due ,to:~he 

'-vidual Eates or ,;se" • 

" : .  " ' . " ,4d.  ~ . ' "  ," ' ,~ ' , , , ,  j':~ "~ ~ . : ' ~  ~ . '  ' , "  . . . ,  ' , . : - : "  " ~ , '  ' , : : • • . - 

for ,any. length ~:of '~t i~ ,..sxcept }in ~ca~e s rot kextx~me"ii:e~rgencyj, i: i 'i 

',,The ~'.original :,plans-:,ofkthe-,~;Whe~ler:]Dem ~prowi'dQdd~for ~" " 
• . . . ,... . 

:intermediate !training wails ~;oet~oen :.each ~set:~of.~fi-.~ ilgat.e s. 

AB i%he ,inclusion .of these"~waIls ~.~as ~open,-[to ~,question ~in~,~he 

do sign offi ce, -gate. operating tprogrems .i were i studied ~for t'%he 

< 

k 

k . . . . .  
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conditions',which'~wodld!;exlst~ith~.or ,,~l,~thout~ hem ~, i.i/ -~.'-~- 

(1). 

the, diffuse 

350  ~000 ,':se c 

entire '~ sixt 

with a' .mln~'  

regulated: headwater ~at~.Wilson 

be allo~ed ~to ~discharg0~5 ~ 8~0 

~feet, o_ud~ o ~so~ :o~f:~fivo ~tos 

feet ,and a, satisfactory,~jump :~ou!d 

pool. From ~tho Tainter ~gato ~dischargo : td iagr~ ,~ i ia )~ f : [6V: ;o f ;  : / :  ~ 

6 , 0 0 0  .second4feOt :per. gate ':will ~require ~a! ~8.7- :feet. ' " -::~ ' 

With ~this :as.:a ~crlterion, ;the ~fo1"lo.-~,ng.!~prog}am.:~i~ : : :.:.,:, ~ .: .,.- 

suggested in operating ~tID Taintor :gate s ~providing'i,the ;inter- :. 

mcdiatc training :walls ::are 'constructod: :; .iAS!~a j, fl~od ~:approachos, 

the :first sot :of gates !nearest the powmrhohs0:' shouId }be maisod -- 

to a m,~x.imum: o p e n i n g  .o f  ,~8; ? Jfee!t  . :-~With,~ a ii~kir~hor ? i n c r e a s e  ;i:Of : ': :~::_!:i 

flood flow, the -ad:joinimg ..set :-of .~gates (~can:!~be ~oponod :,~a.:simi:lar • - : 

amouut, mud ,.so :on-:across -..the ~damiuntfl :i:the ~on~iro ~sixty ~;gatds .... 

a r e  r a i s e d , 8 ; 7  ~ f o e t  .~hich,will::provide~a;fioo~,,capacitylof,:360,000 ~ :  

second-foot. :With a further :~incroaso ;in ~flood ~'flo~, ,all ~ths 
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gates can ;be ,' opened ,~completoly~ as:needed ,.to~maintain ,the ~rosor 

voir 

can'b 

voir - 

(:~). 

0 

ingwalls 

~oxisting 

be govern 

condition 

k 

Z:I I 

a short 

With one {gat 

Elov. 555 ~.~U 

the r~iniz 

tions~.in~tho _. 

"Z* 

road ~ud :,the gate, oPonin_ 

was ~fottud ~to i bo 13 .~2 ~foet, 

could ~ be ' raised ~ without ~.ob~ ~ 

which might - needle ssly ~ 



sand 

@ 

• " " : . / 2  ' . '  t ,  ' " ' , ~ : : . : " . . ~ I ' L :  . :  . ' , . , : : ' ; ,  , . ~ k ~ : ' : , :  : , . :  ' , . < " 1 "  " < ~ ,  " . .~ / . ' {  . ,: ; , ~ ,  . . . . .  , . . . .  , , : ,  • ,., 

g a t e s  w o r e  , , r a l  s o d ,  5.4Z"!feot. 'ar i 'd. , . , t .he , t a i l w a t e r  .~.he I d : a t  ' ~ 1 ~  r ~ " :  ' ' ' :T" ' "  - - '  ' ' 

505.1 . . , :~ 

gate. , ;,::,: 

mate~ 

~asho 

all:s 

foot 

<To~det, 

1 

{:,-, 

3,4P. fee t, ' the <t~ 

feet cud : the 'i flo ~ 

When. undo sirablo 

,:@ 

, : t  

was.. apparent as ::,~hen 

~.-ith.the low::,tail~Tatcr olc~ 

mediate ly :idownstrenm-:: from ~tho 

, *  'C' 

. . - "  ~ . ,  
< 

. . . .  = 6 "  ' ' ~' 
of :the .'.so cond -.rai se. The :flow tfor <all -~ Sixty :.gates :~raZsed "~9 

f o o t "  w a s  ~ 8 6 , 0 0 0 :  s e c o n d , f e e t .  . . . : . . : ,  :~ " := " . ~: . ,  .~-' , 

, - > - . .  , . . . .  . . : . , 

~For :the .third se it:~,~as 

gates could, be raised :com~letaly,. 
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<~Xsmmin~,. ~,that ::the~intermddiate ~ ai~ing '~ 

not ,,con stru~ 

suggest ed: 

'~ Tainter ~. gat~ " 

opening .:of tl 

amount 

be ope: 

further i inc~ 

opened - comp~ 

not :~.requiro 

-recommended ~that ~:the ~ra~se tbo :i:smilior 
• ' u 

feasible !be ~Usod. 

verse :order ~to Jr'. 

This pro coduro ::s' 

flood ,until ~%ho 

timo::oach set ibf 

~:,: ............. • • :~ %:i- ~?i~i :i ~ i" 

- ~ / i ' ' • 

(!:1 
~V 
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.' ~j 

/ " :.: ' ; . L ,. 

~ ' E ~ . ~ u  char _o ~Da~a,.~..;Tai'nter ~,Ga.te-IDi schar o ~Da%a. ~ 

1 

~ 7 ~ e e l o r  .,.-Ds,miiwas ~ ~ f ~ s t  ~i~in's~igat6~ r ..-..the :~U~" e~O ::~I " ~ ' :  " 
- -- .-~ ...... ~ .-' -~ . , g Z°z~oO~a~nlng. . 

callea, a ' ':rough 

• s t r u c t u r Q ,  :wI~:C 

:.became :di st or.~e: 

can ~ be '~:s~en ,on .-:: 

.tho ':shape '.'.of :%h, 

teste'd :a~ter.:.bei 

~~ . ::For,:~.the 

' chargo ~coCffi'cicnt ..... : ''' : ' "~ . . . . . . .  "'1 ' : ~'" ' )% ..... '' ' :* ~'% ' ' # ...... " ............. :rJ '' "' -- " " " % 

.on-:suchca.imo'de:l ~-as:,~comparo~d:~.to :a-:care- .:, ,: ..... :. ,- 

:'tully :.bui It ::mo-dol, :cdlibra~ 
L : , .  i , .  

flow :conditions :i(TableT.Z : : :  <~" :~" ~"~ : : '  " ~ '  ~ 

!Later as ',tie e o 

- of ~ scour '~.pro~ e C~i on 

•. ['-i 

after ;~.referred tto ~a,¢ 

i p i e r s  '.wlil.oh ':wore .:care :: : 
.::mpr.egna~ing :w~th" . • - ~ 

.hot  : l i n s e e d  .ofl.:a~i~--~_~ ". ,, - .  : , ~  . ~  - " ".: 
urn:num..paint,. ,~s ~In ~,the <case ~of,-- .:. .: ..: / :~ 

• t h e  ' , r o u g h "  : m o d e l ,  : ~ : s c h a r ~  ' .r~am~omon.ts  :~,oro i m d e  :!for . ~ . .  i: . i i ,  '!'i,"~ 

'~he froe flow.:condi, tions ~of ~the)t~of~lway~..gates ~on :the :fin~l : " - ~ ~~ 
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i'~ ̧ ~ L 

"roug~' and ~Zinal models:~( 

di schargo coofficiOnt :~:cunve s ~TOr' ~(~) :,!~froo ~'fi'or. ~!c~ ~. 

~ith adjacent 

vrith ad'jacent 

adjacentl-gate 

adjacent gate ~ 

~So .~far ~ias ,~ i s iq~own, ~ no i:exporimen~al i!:~ork i ha's ~bSen~ i i ~' 

crest..:An,offor~,~ - ~ ~ ~ "" ..... " ......... " " ':~ : " • ;vas~made to obtain~s~ficior~t ~datA Jfrc~ithOi: ,' ~ 

model :such that a general r.o,quati, on ~fbr~discNargo~through : i:/ ::i 

Tainter gates could :bo~evolved. ~:Sevoral ~t6sts ~wero ~made on 

the first model, ~hich, although incomplo~Q, have been ,filled 

with the complete data ,fror~ ~he final model and L?ill be used 
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,@ 
!ii~ ̧ ~̧~̧~i~̧  ̧'~ ~ i!i I~ !ii ~ii!i~ii~i~~ ~ ~!~ii iii ~i • ii ~ ~ii ~ ~' ~ 

general 

inthis 

analysil 

tho~cur~ 

~hinges, 

general 

of ~the ,. 

case of 

ed !in ,ithat i light. 

• . - I  • 

• In ithe i caseSbf 

coeffici t of<d~scharge.~(~i~re2~28) ~n1~h. ~the 

clo sod :' (Table ~G+A) ~can ~be, ascribed ..i.tO~t~-i.~ari at i on ~. of ~the ~ .[ 

~he unsuppressed:~ac%lon ~vath ~ono ..:. . 

~-Tho~coefficient of<discharge~data ~(Tablos~6 and • 

• 6-A) ~for ~ the ,Tainter gates ~was ~acquired !in, a sim_~!lar 

@ 
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  esults - • manner ~to • that .!for ifree.~flow~cor,~i~ions.. :~LThe :<.i : :, .¢: 

are more <extensive )!dUe %tO~i,the~neceSsity/: 6-f/)0b~aining":::isuf2:i:: ~ i,. . i ~ :i/~ 

:to <C 02S ficient ' data ~ :a ~£~i-~: /ii,/;: ::oT' ,.:i i 

able :reservoir ~surface ,and 

~.accomplishe~:-~-~'^~4n~ ~ , ~  ~ =°~ ~ ~ '" ~,~ . , • ,,, .... he.~;gate s;rat)~a/~Pre -~: ' ' ..... ' i " ,This #d ~a s 

determined .~.o~eninm and:measurinr~ ~the ~ • 

to give a ~certain rs serv0ir~ele~a~tion :. i:;~ese~:i~e ~'s ~ :~,... 

pI01;I~ .... ,. .. 

interl 

discharge •diagram. , ~ ~. ~,.~ . .~ ,- ~ ,~ . ...... ,..... 

The ~. characteristics ~of~!:the~coeff~crent <of,[~-d,,~-s - .,-~,. ~ . 
C 

charge, Co, in '..the ori£ico ~formuia/~il/[::/ ...... _ ~"! ~L:-i~ .!!/ /:i !:: !! 'i_ ~,/ 

s h o w n  a r e  0 n 

.Tainter gate~d -~ ~i: " % 

discharging :(Figuro :32)~ (~Fi:~reil/L",/:!:i ~I-" .. " 

'. 33) ,.'were .: construct ed-byiusing :~th6 :/coeffi.cienti~6f !:d~ Schargel ' ":?i-().: '~ . / 

. ,,~ . . . . . .  ~ . : . . . . , ~ i  ~ 

curves f o r  £reeJflow~conditions)CFi~re:.2a) /and::.tho ,Tainter • -  : -i/~ 

gate discharge -cur~os ~(Figures:3Orand :3~),. :In~the ~caso of " . .: 

Lthe free flow conditions, ,the ~,valuos~.of,head and ~;coef~ficient 

of discharge .were readJfrom~,thet.cuzvos and tthe,-di-scharge~ :~ 

q u a n t i t y  . .co,outed . in •Tables ',7 and :?-A. ,The ~ a i n t e r  ;gate  

openings and disc.barge quantities for a gi~n reservoir 
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elevation, :rea~d ~ dlre c~ly ~from iFigures ::30 ~an~ ~3!, ~are ~rocorde'd ': 

in,Tables 8.'.and 8-A. ,. " , 

:~While .tho ~raccuracy.:of ~.~tho c~diischarge;fdi'agramimay "~ ~!. ". 

the .~ototypa. .~ i! ;~.~! .... 

./.L 

L. • -I~,.i ¸~ .~ ~ ....... 
~~ . ~, i ~..~..~y,: •., i ~.~, ~ ~- .... -- 

.... ~ k ........ ~)~!~i~ii~i~ii.ii~ ~i . L 

:i ~ • ~" " Lk 'ii,'!~i~i' ¸̧ ~, Z .~ 

7 

m I 

."~ " ~~ ' " b ~,~';:, ' .~...'i~ 
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E X P I ~ ' ~ A T I O I ~ , O F  ~ , T . A I B L E S  ; ! 3  ~ ' A N D ~ 4  

CO lumn, i ~nd ~, each ~'. run~ Of :~. , . . . .  - 

the test.' _ :chro~X ~IA~ .:• "' 

except in. cases :.'where.it ,~.waE . . 

Columu"2 - Head :...on ~'.Cro st, ::'feet .: i?~.The ~elevation ~. 0f .:t he':~:~ata~.'::i::i:-:':~!"~i :~~i 

i '.... "" ::.J~:~.~,~:, .,'::~.'-,.: ..: : " : •J:: ~:,' ':- i',:!" .-:i.~.~:.:i!, ':':,' • ':•":." 

surface in : the-re serv0ir :~as rmeasurod'i:.b~ti~ai~fl0at •;i:gat~!i}~:fion~2 '. .' "" :i -:': 

nectod to an :opening ? in :.thc , ~threoi~fc0t ..-., ... i : i .:!: 
- 17_ . ~ r- 

upstream from ::the: model. .The.?.re~ding~:0f;i:th0,:.gago .iless~a .... 'r~ ':' . . . . .  " ~ 

correction factor =.for !the :!crest::~:ioVai~ion,ga' 

on the crest..Tho,correctionffactori lied;,was: . :.., ::~:~ 

Te st ..32 , Runs:2 ...,:il0,: inclusive , ,.O~7.i19 :~:.! .::.. '"~.. ., : ..... :.:' 

Test 76, • ' : ..... "" "" ' . . . . .  ' : .... -: • Runs-.43--.:65,,..,~znclusmve..:: , 0.7.138 :..~: • ~ .......... .,:!: 

Column 3 - Area of'Approach;to~.the}:modgl, ~square~fset, : .... - ": ::! 

TBo area through ,which;,tho i~water~:awpr'oached !:~ho:model'~'.was); ~ "r" " +' ":'I'};" ~:'~ 

obtained by.,..multi~ivin~ ~._~ " ~ " .~ " "" ~ "~ ............ ':,'~ ' . .the,~wmd.th,.oT .the .:flume• at .~th3 ~gago .. ::.:~ ,• ,- 

by the ,depth.. of ~.wat o r f£n:::thc :Tlumo.. :~0 i:dopth: of ~. .wa%er :?!-':/i!:, ::: :; .:~. :. 

.... . : • • : . . . .  -,.: ~,.:- :.~<! 

depending .uoon : the. head: over ,the crest: and ~-~hoi distance ~'f~om !~ 

the cro st ,to . ~hc iTloor :of ~;th0:~f, lume. 

Column 4 - .Observed:: QuantitY', c;f ,s. ~-The i2flow .! into ~:th0:~.model - ~- 

which is Q = CT.H 3/2, whero(,O!is:-a variable ~ mud , depends .upon . . . . . .  ~.~ 

the head on the weir. 'INs value of _C had:.previously?be0n:: r 

de~ermincd by-calibrations,tests. ~L, 
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tO 2. 

.Tho~:hoadc:, 

and a hook. gage and .i i ~~ ~ 

@ 

..... .~ii ~,I GI: ............ :~: ~ ~ ~ 

..:.:~' ~ Hook : ~ . ~ . . ~ . ~ .  " 

Test 2 10,"!nolu  vo  ,: ;0546 : 

Test No. 76 .... :R~ms-~3-65 ~:" ;-I.0586 ~: ~.7.7970 .. ' " : .... - 

Column 5 - Velocity."Ini.Flumo,.:fcet!i.per:-:second. ~Thc velocfty 

of a~proach ' " " , '~ "' " ........ was detormmned, b y.~ di v~dmng ,.~the ~ 
,, ~. , ~,. i, I 

Column 4, by the .area .~of,~approach,~-Col~ii~3. ".From " ~.the.,, .... ~ . " 

formula"Q = AV, .:V,~--~Q/A,-~ " ' ' '"' ' 

" '/'L 

Column 6 .... velocit 

the results of Column'.5. 

Column 7 - Velocity:iHead ~feot, JThe'veloclty;:head i s~found 

by sub sti tu ring, the value ~:of ~i.V:~fouhd iin !icoiumn~i8 ! in :!~the 

formula h v =~ i~,/2g .or ?dividing,~Coltmm i',6 ~by ~:the ,.Faiue ,i~ff::2g L:: 

which is 64,29 for ~theL:Fort::Collins~laborat0rY. '" : 

Column 8 .- Total Head :on! Crest,-~:feet. f!!i~The?:it0tali:;~head, ~LH, 

was found by adding the~measured~head,~,h, ~Column~2, L'and ~:the 

computed velocity head, hv, ~Colmnn~7. . . . .  

Column 9--HS/2. ' The total head, H, ':was : raised ~to the~three- 

halves power in order to use it Tin,the general~weir.formula 

in solving for the coefficient of discharge. 
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:'Column ~I0---; Discharge COoeffi~cient, ~0.: ~iiThe F.'general~.weir ' - 

'.formula 

of~,:disc 

quantit 

L..The Llongtii ofi}6re~st ~',!,w~s : 

E 

' Te st f No. 'Y32 .... i}Runs 82 #, ~ i0, 

Test }.:No "" -~ " " " ;" • 76. - [.Ru~s,.~43-.... 65, 

• .,-- 

. ~. ..,..- :: .... . - '.~':::+ .... Y'..::' '.:.i. ',..{/e .! "~.-. : 

0 
z 4}? -; 

. " t: ' " -~ -' 

,,-~,~ ,x - ,, ,'i.- ~,, 

.... C9 
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r------- Test 
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/ 0 " 4 5 9 8  I 
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•. 4552 
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~;2213 
~*2003 
~1774 
.15601 
, , , 1 2 9 0 ,  
, . • 1 o 6 6 . :  

::~ ii:i ~!~ : 

:-::(4; 0554 ~ 3 0 7 , 6 ~  ,,~ ; . . . . . .  . 
' : I 3 ; 8 2 4  .:! ~.6321 ! '~'~6 ,,:i . ; 3 . 9 0 2 1  

I iI:3~i72: ~ 45878 ! 12;2717 ! !~::~3;86&7 : 
: . , . 5 3 2 0  ! 2 , ; 0 2 6 6 : i  : : : ' : , 3 . 8 0 9 ' 4 : i  . 

• J 4 7 1 2 . .  : & ; ~ 7 1 ' 4 :  " " - : i 3 ; : 7 5 9 3  

• 1 2 . 3 2 3  . ! .  

) 1 1 . 3 6 9  : ,~ 
: 1 0  ; 4 2 9  !: 

: 9 . i 9 _  : 
~' " 9 / Z~ : 8 . 0  3 ~ 

• % J 4 1 4 3  , & .  2 4 8 , :  
: ;  : . .  ~ ..~ 

;:;3426 ~iI;2500 ~ 

;2831 ~i ;0157 
- , . 2175 ' .  "~0 ; 7 5 3 4 .  
° , . '1439 ! ~:0, :482,7 
~;0749 ~ ,0.;2365.i 

, .;6557 ; :2:.5525 
.I078 (0,3497 i 
°;0685 ~ : 0 ~ 2 1 2 3  I 
~;6911 >2;6990 ~ 

. . . . .  ~i3.6804 " " 
: 3 : ; 6 5 0 0  "} 
' f 3 . 5 8 7 8  , !  
~:3.g639 ~ 

:3.35~4 }t 
1 :3 . : 1576  :, 

'. : '3 ; 8 9 2 8  

3 ;2~40 .. 
:3.0995 
~ 3 ; . 9 0 5 4 . :  

..:290~ il :{:]~:5 ;775 • ~i:-:~:7.705:~I ::3:0704.. (::~1:3/~9850 % 
, , 4 2 4 2  : , 2 7 6 5  :~ :~ : - : ' i15 .271 i i :  i : / : ' 7 3 3 8 : : }  ..2 ; . 9 0 ~ 5 : i  :i ! ~ 3 : , 9 5 ~  I 
;4564 i i3083 [ " ! I 6 ; ~ Z 0  i i • " ; 8 i 8 8 : ! [ : ~ 3 : . 3 0 9 9  ~ ." '~ i~4.0363 ! 
.3350 :.1939 . ~12;060 iI L;515o ii ~!~1.97~m i :i;i3i84121 
.2227 .i051 iii:3~ 6037 i 
.1666 ,0680 ! 3 ~!4823 1 

_ .  1_.z_.z.2 • , .... ~•0371 .... I i/:i!31;27_82 ~! ~ 

. . T,tBLE N.0. .  ~ 5 : , - - / A d j a c o ~ . i , t  " " {:: :- 
I 2 . ]  - " -  • . 3  : i j . : "  / 4 . . "  " : f  ' .;.5 i f :  ' ~6:, : . : : '1 . . ~ ' : ' , 7  , • • : 

- - t  ( B  " ' '  ' ' ' g " " " H e a d  o n  i . . . H  a i l . o n  ,. ~. , -. , . . ,~,~odol. -,t,• . . . .  
Crest ' ' ..... ' ' . . . .  ~ . . . . . . . . . .  I ' ' ' 

H H ( F e o t )  i " ' : ' . . . .  '~"~ " ' " " ' " "  " :  . . . . . .  ' ' " " "  ..... : : H  3 7 2  i :.i Hp (Feet)"' I ":T,;t ~ / 2  :~e. ' f - ; : :~;.  i l  :, ~C.'. . , : v  

: 0,2433:14;029 . C;2702 ~i;0051 3:;7198 4 
.2174: ~13,0i4 ! :.2414 ~ ~0.8939 1:397030 

0.3897 
•3615 
.3388 
,3132., 

• •2866 
;2572 
.2332 
.2043 
.1802 
.1522 
•1372 
.1713 
•243,~ 

;1972 ! :12.197 
~1753 ! i ~1.275 
• 1535:: i : }i0,318 

, ; 1 3 0 5  ~.1 ' ' : : 9 . 2 5 9  
.i126 : 
:.09231 
,0765 i 
.0594 
• 0508 
• 0709 ~' 

.1201 

"8.395 
7,555 

' :6.487 
./5.479 
4.639 
6.167 
8. 762 

.2190 ! ,0.8040 ~ :3 ,5712 
,.:1947 ~ ~0,7142: :3 ~6682 
,1705! 0.6169 i :3.6182 
: , , 1 '449  : 0 . . 5 1 9 5 .  i - ~ : 3 ~ 5 8 5 2  ) 

.... ,.1250 ' O.4419 i: :3~5352 . 

.1025 0.;3577% 3.'4898 
,0849 : O;2875! 3,3863 
.0660 0;2190 ': :3.318~ 
,0564 ; 0•1882 ~3,5369 
• 0787' 0,2690 3.4181 
,1333 0•4747 :3,5611 

14 ~ - ~ 1 2 . 2 8 0  .2211 0 . 8 0 7 _ 0  3.6499 
90o V-NotCh !~'eir Used. 
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" : •. .~%•":/~:(ii{ v,}!~ii,ii,,:~i. ':i •: 'j<•~ 

. . ~ _  ~3..~,TI.0N 0 F t T ~ B ~ ' : 5 / / ' ~ 3 ~ " ; ~ 5 ~ .  • !. 
• , . ~/~ , . t : . , ,  . . , . .  : , ,  - " : " " ' T .  . ! : ;  " '  . - , . . . . . ' .  . :  . 

Column ~i - Test. an~ t~u~;.Numbe~., '  " ~ c h .  tes~~and ;each ~r 
! " , , / ' ~ : , . . . : ~  . ~ . . , ] ' :  , . . . ' : "  . 

the .test ,was glven~=a 

except ~in- cases ~where 

_ k 

@ 

3 .feet upstream :from the todd.all-, i:~.The;i~reading~of"~the}~.g~Eol,Y :. -i.k ~ • .. - :-.. i 

less a corraction factor ,for the::}.crost: {gle[Vagion:,~gave:ithe. ;:(: i!/i: ~,:..:i;i;:. :-!.. ,:.,:';}i;}~:~ 

net head on ~the crest, ~ 

Column. 3 - H 3/2. ~ho ,head ~on :the ;icrest,i ~;Coiumn !:2,1;~waS ~, i k 

raised.to the three-halves ~ n o w o r - t t o . : d e t e m i n e -  ',.;.v::> 

;,.% 
coefficient . . . .  • i :' . : i ".-{::i" ;-;}!!. i,;.. ~ (: .~L i .:;:. . - ...... 

Column 4 - :Head on .C cs~, HP, :.feet, The ;prototype)haa~s~,~as" ...x- . ,. 
• . ,. '.: ":{. :. . ,-...} . -. 

ion ' : .... ' . . . . .  :} obtained by ~ multiplying 0~he '}hoa~ ;model, i . . . . . . .  ,.column ~2.,.::.. 

by.tho scale ratio. ~.: 

c o z ~  5 (za ~12. 3 7 2 - , .  ,.<..1 ,., .... - ) , . ' ~ . .  : ." , !s~.mu~t!~ act " len~¢~ ,~ . . !  

of t h e  c r e s t ,  for : ~ b s t i t u t i o n  ; i : n { t h e - ~ e i ~ . : i f o = u l a ; ' : .  . . . . . . .  ' . ,1 . - : ; . , : " ' :  ::}::{: " 
. ,  . - ,?  ] 

CLH312" . . . . . .  .... :. :: :. " -.. 

Column 6 - Observed.~uanti.~y., Q,.iin.second~feet... :The ;flow ~ 

into the model was"measured ~ b y , a ~ 2 - f e e t  ' C i p O I l e t t i  ~ior ! a  ' :: ~ /  " 
p 

9 0 - d o ~ o e  V-notch . ,~e i r , .  LThe Tormula for . t he  2 - f 0 o t  C i p 0 1 -  " ";"}" 

letti ~oir is Q-= CLR~./~-where !C~:.is a ~ariable an~:depends ! 

upon the head on the :weir~. 7he value of C .had pre~iously -.: 

been determined by calibration tests. The ~valuo of L in 
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t h i s  c a s o  * w a s ' 2 ' ~ f o e t . ~  ~ ~  " " ~ . L  .'.~ :~"''':"" . . . . . . .  "~'" ~'i" ."~i'"~/':.: ' .  " 

:.The o rmula .,,,for ,~tlze ,90-degree :~V-not ch~:/we'ir~:~i,S ?~.%... 

Q = 2.49 H2"48 an. ~d:L~was~-determinod~!:byi~proViO'U~ 

#L 
q P ~ J 

t o st s. ~ 

The ?head : on L.itho' !Weir• ~.was ;measured ::by ;!a ::;f, loat ..;-::? . . 

g a g o  a n d  a . : h o o k  g a g o  } a n d  . t h e  . ' " . .. ,i.. iii~,.i..i,/.::.::i ;:i.i./,.,-.- ~. ,. ; r e s u l t  ~ " ~ - - -  , , ~ - ~ i ~  :' 

were averaged, after .~a ~'corre cti on : : f ~  

been applied. 

• Column 7 -, Cdeffi-Ciont:.:of :~Di Scharge .... 

pro ssion 'for flow: over :-a":,we'ir. ~i s :., Q:~ 

Which :when the constants ~are c " " ~ ~ ~ ' :'~I~. .. . :.: : ~..::. ~...... i::.. , : ombmn ~d :.reduces ~to ..:~::. : ..... ;..,;!~-?:......... 

Q = CI2~ 3/2. The .value ::of".C,.:?:bocause ~it.~¢ ..,, 

affected by :locality and.oiovati-On ~abo,~ ) ~L - 

should be considered ;:'hen "the .valuo,of~glifor.,~the;mo~el '" .... '" 
•7,•, 

and pro.retype is different.._ ;.By~using);.tho,:~formula~i .:i..!i: :-.:;, i.. ~ ,, 

g = 32.1721 - 0.082.11-cos:~a-.D.iO, .: i" ~:~: 

for the :Fort ~Collins laboratory,wa~ :~.ouna,:.~o ;'~e :32,.:1445 :.,... ' 

and for the :Whoe'ler:J:Dam 32_.i~20, •~.thus::~hc ~ .-. • ~:i"..~ '" 

considered .'~ho -same: 'for .all pract~cal !pu~pos0si,,. :.~d ~the i;, .4 
. :~ ............ " ........ " " ..~ ~ . ::i!. ~.-I.-~' . ~':- " ~-- 

cooffi ciont on t'ho~::mod~l *and -:.the '~roto~ype ,are itho :same...: " ' ,. ! 

- / . . - .... • , 

The coefficient curve for .the prototype-may ~be:construc- .... ::£~i:.:!~.:~. 

ted by :plotting C dire ct!y :.against ,the.,prototypo !head, 

Column 4. 

¸ i- i':li 

.j 

* Mark,s Engineering Handbook, Page 196 (Second :Edition),. 
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.,EXPLANATIONS , 0 ~  TA/BLES , ,6  , ,AND 8 ~  . . . .  

C o l u m n  . .1 ' , - -  - T i n . ,  _ ~ -  _ . . . . . . . . .  - ,- __ , . T a b i e . ; 5 . . -  

C o l u m n  2 -- .Head "on ~ Ore S~!, ~Model, 

Column ~2, Table 5. 

Column 3 -~Hcad: on'Crest,, Prototype, ~feot:i:~-i'See<e~lana ~ioz 

of Column 4, iTablo :5. 

Column 4 - Reservoir :Elova~ion, ~P: 

your elevation was)found~byi:a'ddinl 

. . . . .  L'F crest, Column ~ 3 ,  to ,the ~crest Eleva~J 

Coltmm.s. 5. and-6 - :~/2L'~See~iexl~lanal . . . .  

:!i 
Table 5. . . . .  ~ :  " 

Columm 7 -Amount ::of Gate Opening, ~foet.'-LT0 )Obtain :calibra-. : , ' 14.:: 

gage was place~ near ~he:-gato :,and:? a:~:readin~:!takcn '~,wi~h':the :;)i!i:~: i/i 

bar on the crest. ~ L  iIt'~was ~then~raised 

amount less the thick~uess of ~the -bar u ..... ~ 

gate lowered until it ~contactod 'the ~bar,. (_ 

colu= s - Amo t   teRaisQ  F otot e, zoatl. 

amount .~as found :by multiplying iDolumu';,7 ::b)!}~the :scale,:~atiQ, 

56. 

Column 9 - Head on _Top of Orifice, Model, :feet. ~Thi-s / ,,~\ 

value was found by subtracting the amount the gate was " 
f ,  

@ 
- 1 5 7 -  



@ 

@ 

raised ~ (Co lumn .7.) :from ,th~ 
. . • ~ :  

Column ~!0 ' ' " ~ " ' .... "' .... -.Head .on .Top ..of ~-0rm~ 

value .was found b~j 

rai sed "(Column 8) ;from ~,the :i:l~ea~ ~i0n 

Columns ii and . 121 -  HT~/2, .'M0d61 ~ 

Coltnnns :5 and. 6. . ,~: 

( H3/2 2-i~3/2 i '" Columns 13 and :14 .... ), ~ MOi ~tyPe. -- :: 

Obtained for,use ,in thc precise~::o~ffi-ce~f0~uia~byJsub~ "~"' 

tracting Colum~. !i ~from~Column ~from ' { 

:,. , 

Colum~u 16. -:' Qu~utfty., Prototype,_ -secon~d~feOi.:. ::.~e.:-discH~::i;;,!; :..'... ~.. ' 
..~ 

was foum.d by:multiplying '~tho :quantity,,.'on::%ho'::m0dOi~.by:~%hm\'=~i:i}".., %~:' -- '! 

scale ratioraiscd to tho~five,hal~es~po.~er: ...... :. 

Qpi = ::..Qm ::(N) 512 ~ .- -... 

where Qp =. QuantitY :.:in £s6c0r~d~feot., .:~roto.t~0.: :.: :: i ~ .. 

Qm = ~ " : :~:" ~ ' *.i~, ,, .~mddol ~ _ . ..... .:.~ .......... . 

!N =:.scaio R " :~ a±zo I-- :!36, ~ ~ :~ • .J: :,. :: ~.~~. _. ~.~.~ 

Column :17 - Quan.tity per. Gate., ~Prot0type,, :~sccond~feot.. ~.: " .. i:÷i': #~ 

This value =as Obtained ~to ~assis% :!in ..'calculating ~tno °.~otal ~ " 
-. .... 

flow over the .spillv'ay and "for .simplifying ,the '~ plotting- of 

a discharge diagram. ~The model contained:2.3903 gates, 

therefore, Column~16 divided by 2.3903equals:Column 17 

or the quantity per 40,foot gate.' 
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Col .umns :18, and :'19 --. 0 I. ~ ce >Coeffzc1:ent, !~i 

type. iThe 'value "o f. t h e . ' . c o  e } £ i  ci, ent-,,wa s~.0b 

precise orifice ',formula : " 

• . - L / J , , ,  ~ ,  . - ' . .  

,% 

Q - ;"2/3 ~ 

C o "= :Orifice C 

@ 
F 

. r 

' . f , ,  

• - ;  " t  

: . . . . . . . . .  " . . . . . .  : r ' i  : i "  
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;TABLE 'N0 , : " -7  ' " " .... : ,  . . . . . . . .  , , .  , ,  ; 2 :  : "  _ : ,  . • 

' T '  ~ . . . . . . . . . . .  " . . . . . .  ": ' " '  ":  ' ' :  ' : ' :  V : : " r ' : '  ' : - :  " "  , ~U%~,,-LR Z, 0 F.~D:,T~,.--, v E ~ L ~  ..:Dz~4'. . : : " :-: . • c~"' ' " ..... • ~" 
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was developed by,,,the experiment s ~ " " ~  : ' ~ :  

way. The erosion ~as :reduced ~,,to :~ 

tion necessary noar'tho :too<Of th~ 

=ith t h e  d i f ~ s o r ,  sill,L p l a c e d  ': a t  ' , : the  i .o:nd ,: o f . ~ t ~ o  , ! s l o p : i ~ ,  ~ a r ~ o n : : ' ~ , a ' S  
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o f  the design capacity,.:Of: 650f000 :~socond~foot ~;~,thout " : "  ~ondange~ing. 

@ 
. . . . .  ,' : ' -:: .... ' 

action of tqe stillinglpool.~ - ' ?/ ~ ~ ~ - ~: 

Alt hough, sli g,ht, n0gat ire %pro s mire ,o c curred i?i on~ttho :ediT, 1': :1! ill :-: ' : 
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serious. . .  . . .  ;.." :. :'~ :.:?i ~: . . -  . .:,~:..:.: " ~i. 
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A satisfactory dosi..,~-~ of the do~rnstroam-noso of ~tho 

piers was developed sach that the undesirable conditions existing 
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