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Denver, Colorado, April 17, 1939. 

M~ORANDUM TO CHIEF ENGINEER: 
'(H. G. Dewey, Jr.') Ji 

Subject: Thesis submitted to universities for degrees in engineer- 
ing, by Bureau employees- Denver officm. 

i. In compliance with office memorandum ~No. 186, dated | 
March 2, 1939, the final draft of a thesis entitled, "An Analytical 

~oeum. ,P~eveat&~n and Experimental Study of Energy Dissipation and "'~ ..... 
at Small Check Drop Structures" is hereby submitted for release. 

2. This thesis will be presented to the University of 
Colorado, Boulder, Colorado, as partial fulfillment of the require- 
ments for the degree Master of Science in Civil Engineering. i 

3. The material for this thesis was.obtalned by the author 
in the hydraulic laboratory from a:model study of check drop No. 4 
of ~hs Sunnyside Main Canal, Yakima Pro~ect, Washington. A report 
of this ,study was submitted to the chief designing engineer Febr~sry 
28, 1939, and it is tentatively planned to present thisstudy in the 
form of a technical memorandum at .a later date. 
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k,  " 

Int~o~uct-i on 

" • The hydraulic :engineer is :~requently :~equ~re;d~to ~:':-~. i.,: 

, ~degign open.:~chann~l I -.structur~es. for :controlling~e iflow - ,,. i:i 

of ,wat~er :from a higher !to 'a lower levea~. T:, i: 
S f l o o d  ,control : o r  i : p o w e r  ~aeveZopment s t r I A c ~ U r ~ e s ,  i t  :"is ~ , ~ s s s e n - .  ': ' 

~ al it o ,~ndlud e ' spffllw8~ :n~ i~exee s s Sf1ow, :o. i,:I:n, 

Irrigat~on ~Systems, many~ .drop ~etr~uctures :are .~equ: ~Ir~eai~:at :~:. 

• changes ~of ,~ra~de ~in ~a.~oanal ~r~ ~at -:~turnouts.:Into i~;e!/'.~at~er~' 

a.ls. 'The ;togal :drop iln~water ,;surface at' Zhesei~str~uc;~t~eS 

.be only ~a few' :Zee~ :or severa,l ~i~hundred :Z.eet~Ji~r~but .~: .,~: ~ 

• ~event,, it ~ie inecessary to :prav.4~e: !some :means ~at ~.~he .lower ~: '~ ~ 

;~evel-for ~d~sslpa1~Ing a ~le~rg pa~t ~ OZ ;i:"i 

;~and for ::z'eduoIng ".the : ,veaooity  ::~before i~h-e .TZow :p~oOee~e : i ~ o ~ .  I,, :~:;: ' ;"!,i ~ 
*J(-- 

its natural :,.course. / . " 

. Jump .;is .one .!of ~the ~bes~:!means ~of ;-obtain~ng 

'L-- [ 

L -~' ! 

A , "il 

.pat~ion of .ene~ 

hydraulic Jump~-conflned ,wi:th1~ ~.n::!a 

If,.'.th~Is .~!s r~r 

acc e l e r a t e d  , f low 

: ~rlv~r ~or .canal. 

Structume ~ m.aY :be 

~.of ~.the rapid :f~ow-,:upon i%he ~channel ~; ~ stream ':fmom: e 

~:dam, or .~the ~lower .end :.of ~:a epi!lway :.may be is~milar!y s~.~e~.5.e~,' i: 
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.-.stIliOn& _ 

~p. e..truc%ure , 

~which~ :!a" ,canal .flows. ~IS .= ;usual.ly :: ireadily 

n ee •a :~ 

z or' iamy ~g 

I <uhP,.z'ge. Z n  +any+ , d e s i ~ + ,  +':~z'om ,one~of a h ~ g ~  drop I +%0 ;orle ,of. !a - '  
~ ,  , .  • . - . . 

'~:+@'+~r~ " ~I +' ~ ~0 w drop structure+, .~here i.~e .certain ~hy~dra~+Ic ":pro~l'ems ,~.=r- 

" .... . i.tainJ;ng to 'a still~ng po I whi i~az" " ::~:i 

amount of drop. 

~: From the au~horts experience ~ s 

' by models in a~ihy~aul~c ~abomat'o~y~,i 
,i ~ ": .... .~. ,.,,.,. i: ..... i" 

• .:~that~drop structures ,I ..... "!deal ;~nto ~h~ee ~d~s~lhc~ " ' 

ii ' groups: - - ": ;~'':; " ' ~- 

"'" Thos gt~c%ures :kns;;ia droop i:se~e+~s3- ".;'i; Group I': ~ e .'+ i~ha~ . ~of' 
-hunc~,ed ~ , f e e t - i t o  ' 2 0 : , ~ e e t .  " " i . . -  

. , -  Group I~:: Those .st~uctu~:.es: :,hsv.lng a :~op of :JGfeet 

'Group Ill:: ?Those 

+hir8 IS +purely 

definite study' to 

;problems 

t ,pe=mlts :a;more 

structures. 'To ,acqualnt ~she ~ e 

: problems, mention w~11 ibe 'made 

,ii iiii  
. . . .  • L 

l e m  :character;Lst+lc  ,..of ,one . . . .  a r e  +i. 

- .  . - . . . .  " , ' .  . + 

/ i  I 



...energy ~ i s s Ipe t .~on .au~  'veloc~~y::reduetion:o.~n f l O ~ + W ~ m t ~ ' + ¢ h i i s  

~.~; ~cusslonwill :be maae of+.~be is~U~:~,i '+~ 

i f;, 
. , 2 1  

i:; '~ -:: '~f ~the exlstin~ --.check:~op .s ,~~a' 

Canal, 

States Department :of :i~he Inter'lot+ :Den,v, er., +Oolorgd .. ~" " .:- . ..... 

!,~:- Numerous :reference s :may ~be +.foun~ ::in i.hy~rau,li~-c literature 

..... " • .t small .drop structures ..at ,wh:ich %her, e .Is,no-~su~ergencei 

~;~ :enablin~ ef:.fectIv.e ,'e 

" :  + go occur ,.within -a  ~hY 

: : . ,  a t e l y ,  l i t t l e  o r  : n o ~  

s u b m e r g e n c e  a t  ~ s m a t t  _++_~+:_:~_ . . . . . . . . . . . . . . . . . . . . .  : 

++'~++ a i s c u s s e d  :In :+t~-is +Paper+, +~hat!,the ,problem ana  :++the ef~.ect,::of+ ++ 

~ .... submergence +at :small , check ::dr.ops~..z ~ed ..... 

a s  one o f m o r e  i m P o r t a n c e  

4.@ r* 

y "  

" canals whlch-flow +:%hro.ug, h +. " 

J 

i::•~ ,i ̧ ~-~:!~:~i.:ij~?i~i!: 

° ' : ,  , :  

+ 

,+ 

+ . 
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• i k 

,~¥draul 
• ~ ~ o u  St~uctu~ . . . e s  

~/,: Before proceedln~ with the main dlSOUSS1~n,r mentlon Is 

:: :ma~e In ghls :chapter:of some of t'he chara~terlsti¢ hydrau. 

structures :Inc~uded,uz ~ mentioned in 

: ~ h e  I n t r o a u c ~ o n ,  : . I t  d i s c u s s i ~ O n i s  '~~a 

sumln~ a ~broad appl~ics~tlon, 

problems and ~elr !so~utlons 

a particular g~oup ~ or~ groups. 

oomprehensive record-,of h~,dra~ 

stillin~ pool d~ 

:'~ Thle @roup 

~:,~ in. the .deslg~, ~of 

;reating these ~ 

ilr discussion to 

k ¸  ̧ i   .ikl 

r',, - 

5 

higher ve st 

The most ~recent problem concernin ~ 
i 

,of drop 

ment in 

:Observat 
• " ~ v" 

k 

lin r .  i r~ 

sm.  

- . L .  

::#/at e r .  
r ,  19,~9 



. °  

~:~- ~ ~contalning cons,i~erable entrained ~alr(flgure i). 

This entra~inment of air is~.belleved todepend upon: - /~i 

~(1) ~The turbulence created at t'he ~crestor slightly upstream; i : i/:!i!i 
(2) the roughness of the face of a ,dam :or spillway,; i(S-:)'the : '~ 

depth of flown; and ~(~4) the tot.al drop. Its effect is to re- 

duce the velocity ,of flow to some value less than Z~hat 

obtained .by considering only solldwater, land to increase the ') 

volume of the flow, The ,~appllcatlon of Manningt-s~i~o~mula .for 

computing depth :and velocity ~of :flow ~down :the spillway will :~i 

evidently give erroneous values.. Since the design of a :~ 

hydraulic Jump is :based or: prlnc~ples-of momentum, .it' is of ~?~: 
.j 

utmost i m p o r t a n c e  t o  a s c e r t a i n ,  ~ w i t h  ~ r e a s o n a b l e  a c c u r ' a c y ,  t h e  ...... ::i:i 

velocity and mass of water'.as it enters a stilling pool, ~~ 

With increasing ~olume :due to ,,alr entrainment, it would :~):~ 

be necesssmy to increase ~he freebosmd ~at ,the sidewalls of ~ 

e v e n  - m o r e  ~ m p o r , t a n t  ~ " i n  ' . 

design of steep ~chutes hicn' usually:have less width :and 21 

depth of flow, but .more length than. spillways or:overfall !ili 

dams. ~Under these .conditions, the ,~.ncrease in volume of flow i!ii ! 

would be comparati1~e!y greasier., ,since the effect of sidewall ":'~ 

friction to increase .air :entrainment would :be ~greater: with _, ~ _ .  ~' ::,~i 

less width anddepth of flow. Evidently, Increased length :~ 

of chute :would ,allow more ~ime for ai-r entrainment toideveiop, i'~: 

It is also believed, :but not fu~ly:~erified, that alr ~'i!i:: 

entrsinment begins,at about lO fee~ per .second, and that the- ~:' 

• water-alr mixture will reach a terminal v,elcclty of nearly 'i i~,~ 

. . . . . . . .  % L. ~.:~ ~/i~,~_~" ~, ~ 
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~ ~0 feet per second. 
% 

Considerable research muS'~ ~be made~ibef0~e ~a ~horou~h 
i 
' understandins canib~ _ ~dlng~r ~entr~i~ent an~ 

it s effect ~on ~st~illln~ pc01 design. ~The i;problem i~is 

! s t u d i e d  in th~s country by i~he i hy~raul~c laboratory ~of t h e  

Bureau of rReclamat~on,, :and ~at the!Unlverslty ~of Iowa land the 

University ~of :Minnesota. 

r •/i k. ~ ~ 

~':/ T h e  , d r o p  ~ s t r u c t u r e s  i i n c l u d e d  . i n  t h i s  @ r o u p  a ~ e  . ~ u s u a l l y  • 

t'-= 

required in the ~design of IrrIsat~on ~sy, stems:, or whenever ~he 

drop Is relatively small, from ~20 feet to 4 feet. Although 

some air entrainment ~ occurs ~in :the f l o w  = i n  these ~stz.actu~es. 

its effect on the design of a stil~l~ng pool is ~not :as ~serlous 

as in the case of higher drop ~st~actures. 

The problem In.~,thls g~oup = is =to~obtaln a stilllng .pool : 

design which will ~Ive effectlve •snarly ~dlsslp~tlon :and ':~ 

~veloclty reduction, :but at ~the ;same time !be econom~cai,; The '~' 

, , importance of economy is realized when ooneideratlon Is giv~en 
/ 

' 2  ' 

~ to the number of these structures required in any ~rr~atlon 

,system. 

Studies ~recently made ~In ~the ihydraul~c laboratary of the 
, - 4 .  • 

Bureau of Reclamation, reveal ~the beslgns of ~these i :~terme- 

~htat e ~type ~drop structur es ~to ~be conservative. It ~hae ~been 

found ~that sti~llin~ ~pool desi~ns based :on ~theor~etlcal ...... 

ooneidePaCi one ,have exces si~Te }length ~and depth; ~but the 

m ,, , , j j , |, 

Ehrenbe~Eer. R.~ Osterrelohlschen In~enie~r- ~Und 
Archltekten~erelnes, Nos. 15 i16 and 17.18, .1926. 



•! 

. 

!''' m 

~D 

~/./.: . i g r e s t a s t  e r r o r  h a s  : b e e n  t h e  'use  ' o f  s t i l l i n g  ,poolm ~hav/~n~ a --:!:., 

? t r a p e z o i d a l  s e c t i o n .  • ~ -  ~ h o u g ~  , ~ h i s  , , type  h ~ s  !been , u s ~  """ 

?,:~, : b e c a u s e  /±.is c o s t  o f  ; c o n s t r u c t i o n  i s , c h e a p e r : ,  a ,:~e 
: t  2~'  , . . . . .  

s t i l l i n g  p o o l ,  )~he",f lowl  ~ s  c o n c e n t r a t e d  m e a ~ e r  "?the c e n t e r  of,  ~; ':i."~, 

,i the pool, resulting :in :a ;poor >hydmaul~c .jum~ "<"/"'":' ..... " "~:' 
. . .e • ,:..;¢ 

-energy dissipstlon ,and velocity r,e~uc'tion.- . ,~he 

,'hydraulic Jump •Is ,nea~ly ,out• of ~he stII],'~ng ....... ~ii~'iiii~ii 
pool i(:flg~re 2J. "~r:~ 

,WhePe trapezoidal st*illl, ng pools"have ,been. :usec,. constant ,~,, 

• mslntenanCer. is usually requl.red to pre~ent :exc essi~v,e-leroslo n :',:::~{":~:~ 

" in the canal (flgume ~)~. It has def;inlt~ely :been shown, .-',,i,. 

• however, that a hydraulic Jump. 'in a rectangular., still~ng ,pool ;~:",:: 

is ~unlform!y d~strlbuted across the :pool, rasuit,~ng ~n.,e.f,fect- : 1:);"0 

Ive energy, dlsslpation and ~e,locl~ty ~ :reduc%1<on, i:and, less./ ~; 

maintenance -to the ~canal -.below ~he pool-..(( fig~r.e .41).; ....... ...!:~':'. 

i/:il i 
• r•~ { 

The ~rop at -st~uc~tu~.e s in '.~hl:s g~oup :..i-s. :very ~ ~small, 4 .-..~::. 

:feet or l.ess. •.These ,,drop' struct~es ~are-:.requi~ed.,mosltly- ..-,.i,)i 

in Imr!gatlon canals, laterals, or,di..tches. Even ;though . !,,::~ 

~he drop is small, :some .energy disslpa.tion ~shoul.d/,Occ~, .or 

the material .throug~h.i~wh~.ch ',the .cana:,l ,.or" ;i.a~eral ' >~ ~ 

~be heavily .scoured.. .~ ',the :av i:"::"::::~ 

f o r  c a n a l s  ,be , t a k e n  .as  :2 .50 . - ; to  8 . ,00  ,f, e e t " p e r , , s e c o n d ,  ,~hen 

a ~mop in :wa,ter ,surface !of onl,y ,:°no foot : p r o d u o e s  ~a ::free ii!: 

fall ,.veioci,ty of: about :8 :Zee.t ~er :second :~t: tae d~,~p " 

structure. , ~eloci-. . ~bee esslve-.in ,most: cana.l :<.~." 

- Ve!ocl%ies .~ in :excess of-'the iallowable :a~e" perml:ssible in "i ~, 

-only a few cases: ;Particularly when ,the ,.canal below ~he . ,,- 
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• • :i •'~ ~, 

~drop .s.tructure :~s ,toner.ere l~ned.., or ~the ~mate~-~l i's ~not :" ' - ;.i 

: ~ e a d  l y  :scou~ed. -..~:. ,~',~ 

• At .the ,drop:stz~otur, :If,, ;~:~ 

• :%here was : s u f f i c i e n t  ~enemgJ ::to ~cause :the ~dep~h ~of  ~low ",up- ~ ' :  

'stream from ,a stlii:Ing pool"~to :.be :~ess :than ~or~h:iogl :aept'h. -' "";:.~ 

It will be .~eoalled"that ~th:i's ,,con~tlon :i~;s ~.essential :for %he :i.li" 

.formation of ~a ~hy~h~aU/LIC i~ump. .:At ~small ,.Erop .stz~zct~es .. 

:; :included in this :group, however., :~"t':i'S ;not .~ways ,possl.ble :to 

obta-ln this .condi:tion. " " " 

One of the ~sti~l'~-ng p001, .!problems .in-:~hls. Er.oup :occurs,, ~,.:. 

:therefore, when " ~ ~ ~the ~dep.th ,o~ ~flow..at ~a ~'~op ~s~r~c'~ume .~s:! :: ~,.: 
"?• ,t 'i i .~" . L 

prevented •.from :beln5 less ~than :crlitlcal ~:~epth-~due ~to sUbmerg- 

ence at the point of ~hrop. 'This ~cond~tlon exist.s, ~or 

exam.ple, when the •depth of !flow 'In-:a ,can~ ~:Is ~malnta~ned". 

uniformly between ~,drop structures, .Th~Is ~dePth , :,wbioh~:'i,s imsln~. 

rained in •order :to-dlve~ ~water into lateralss, is ':usua'llry /~ • i~; 

eufficl ent-to :~c aus e ~submer~enoe ~(ifA~ure 51. ~,).:.. ~s ~.a :~e.suit ~, :-it !:ii~ii~ 

is vet dlfflcu~t to obta,lne~fectIve energj aleslpat:~onan~ .... :~~ 

i v e l o c i t y  re&uct lon~ .isl.nce.~a hyd~aul~le iJump~ i s  .:no~ :~rea~l~ 

~:~ adaptedl One solutlon~to ~this problem :wi-ll,:~be,id~eousee~ in 

ii Ohapter  V.. :.. ~. i'" 

.many canals ".o~ ,laterais. are-operate~i ~-howe~.er~."~wi'thout : : 
~'3. 

ng .oe .~ t  ~a ,~.rop s t r u c t u r e .  A ~slmple 'H-.~L~..Op :!.i caus! submergen 

,:~-~,~. .i( figure ~.61:.):)', ::for example,.~wi'll operate satls~actor~iy :,under 

~: .this confirm.on, ;,1% ~s ..not :a-di:.f~f-icul:t ~probl.em.:~t0 ~obtaln 

=" 

structures, and ms~J standard~desi~ns have -been ma~e whleh ~ 

are readilyadapted !to a!partlcular problem. 
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::@olution :off: I n~,v..~'~ua,l~:,~roblems - . 

/,: ~ithough ~'any ?par~Icula~ ?~h~aul.~c problem :}pe~;taln~ng ,.%0 

,:.. :a : s t i ' l l , ~ n g  p c  o l  'de  s i ' g n  : ::structures may  ;be i eo ogn zea,: 

i ~i:.. i : I t s  s o l u t i o n  ; i s  , n o t  : a l w a y s  ; a p p a r e n t . .  :1% :i's ;now ~gdneral".ly 

;::' ;..: :recognized ;that ~hyOmau~ic ~model :studles :idle necessary ~n,:-most 

oases .to "obtain :-a!0sat:isfactory-still:Ing ~pool .design. 'Tbi's 

,.:.. method has pro~ed :successful:In closed ~condu~:t and ..open ,::.i 

'i: -.channel studies. Such :well-known structures as lib 

.and "@rand ~Goulee !Dam, inof to ~ment~ion :many ~o.the.rs, .U.have ibeen ~.. 

~Investlgated by model studles-.~and .in e~ery :ease,, :the iSt~l!:~ng " , 

pools in particular ihave ~been evOiwed .iby.:~thiB method. .In • , 
• . . ' i*J 

.:many :cases, model ,studies !have ~been :made ~of ~exlsting ~struc~/~res • 

to eliminate unsatisfactory Zlow <eondltVions ° .... i 

The problems of iGrOup IT ~are meadi.ly .eo,lveG / ,~by model~ ' ' . " ~ 

studies., except the problem ~of ~air~entrainment. "T~e iproblem ..... ,~. 

must be studied on prototype drop :st~o%ur.es • ~slnee ~the ~ 

velocity of flow in motile'is Is not is~f.flcient-~,to entralnlmheh- ' "-~'~ 

a i r .  A s t i l l i n g  p o o l . ,  ~ : ;however ,  ~ Lg~ued-:~by• ... . .  a ";;i 

model study neglecting efZect ..of ~Thl;S " ~:" ~'~/'~r~' 

probably gives .a .cons.e~.~t~ve .w~.~l " " :::: 

nevertheless .be .effec~Ive. In ~anY event f, ~ !, 

so evolved .wil'.l ~operate ;as :Indicated ~by ~t~. 

:mo~e assure .than +. en o n  - ..+ 

The problems of-'@roup. ~I..I ;;ha v, e :been i:eolv,.edl :~n ~,many. i :~, : :~ .i:!! 

stances ~by only ~ana~!~.tlcal considerations, .,but .,there a~e im~ny : 

e x i s t i n g  :drop s ~ r ~ c t u ~ . e s  : i n C l u d e d  ~:~m % h i s  g~oUp :~whlch :ha~  e :- ~:!: 

, -or should :be, eo~reeted ~by model, s.tudles.. Studies at. .:!; 



•7~. 

~i ~I ... - 

i 

/ 

: ~he Bureau of Re:clama:tI:on :(page 7;)!have ~develo~ed :a nmmo- 

:structures which ,will "not only .opera%e effec~.~vely, ,~ut Will 

also be economical. ......... 

The problems of @roup III yield mope readily :~o 

:: 'analytical ;consideration s ~han i~hose:o/ :@rou p I or ,@roup If, % 

if submergence does not .occur. This is p~obably, ,due..to less 

discharge and drop. The problem of <designing a :st~lling ~i. 

pool for the drop :st~uc%ure shown 'on figure is .not di:~, 

f~cult, but when submerged flow occurs :,at the pointl of : ~ ~ 

droR, model, studies are :usually necessary ~ !before ~a satin-,. ':::. !i 

factory stilllng.-:pool ,can be evol~we"d. It, would ~ Be nearly ~ 

impossible to determZne .analytically j~he ,soour.:eff.ect of . i';~:; .:;, 

flow. at a submerged-drop structure. It Is f.or~ ~this:,reason/i :: L 

:ths.t a,model study -was :made :~ ~,! :~?i i_ 

s ructures ~(figur, es 5 .and 9) of the.Sunnyside Maln '~ 
t ~ 

.Washlngton. ! :~ ~!~ 

.It is important to note ,that, al~hough ~:It ~imay ~:be ~ '~ 

predetermined that-a ~hydraulic Jump ~,~w~l !florin. in .s sti~lling " ..~;~ 

pool of ~any drop structurj~, model~ studies ican greatly ~ ~ -  

i~,iprove the ~efflolency of ~the J.ump. A '~ih~draullc ~J~p:~baged 

on theoretical :considerations alone, h'as been .f, ound somewhat :. 

| t ." • .: 

unstable with .high v.eloclties :' corkscrewing, out.,of ~he 

stilling pool. This unf:avorable ,.condition .1~8 prao.~:ically-~ ::",:!.~ : "  

eliminated if a Rehbocki~:,sill, ..or. a z ow: of den~ated-steps • • 
[ . 

and baffle er,s, is ::placed :along ~the ;fie.orof. a 8tilll:~ ~ . i..~:~ ~ 



~' -~ ~ .... 17 '. "'i:.i!:: •k~-.".'~.~i' 

~d~t on 8 ~i~ t th~ ~ep~ • ,i ~ ~"~ !~ i 'i' ".',po01.. I.n, i' . ,, . ~hl, :may' o perml ' :s~'... '!~"i,,: . . .i 

' e's . . . .  ~ : leN~h of a :stilling ,pool::tO"~be I :s%han~.ghat ~e~ez~ntne~",. - :: : 
T 

'~by ana,ly.tical con~idera~iOn~o 
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I. .~ahapter,.II : , :-: 

i: .~ Characterlgtilq }Probl:em o~ s_~ stz~uoture . . ~ : , ~  ~ : , .  ,.~ ::. 

:< ~ Sunnys!dei: ,:Oanal,,, . . . . .  " 

i '.,The ..Sunr~ s 1 . d e .  -Di.vl s i o n  o f  ~;the Yak:~ma..~ ..... . i r . r~gat lon , .  ,..:Pr°~e°`t.: 

~% <consists of about :~00;,~000 :aoreso Nea~,ly :90.;000 :aor~es,a~ie 

.:irr.igated by :the Sun~ , ,  .-s Ide Ma~n ,Oanal, ,wh~ch-;!ha8 ' its ,d iver-  

..~.". ." s i o n  :dam a n d  h e a d w o r k s  : n e a r  : P a r k e r , - , a n d  . , t ermin-ares  .... ~ b o u t  ~ 5  

i;"i"):i.! <m~les t o : ; t h e  s o u t h e a s t ,  .:near.Ace.ton, Wa~i t  7::1.. 

"' " .At the time of "its purchase ~by the..~,Redl'am~t~Ion - : .... ~e 

.canal: had a ,.capac:~$y of 650 secon~-f~,e,t,,.'m.t,~;'..the 

• Plans were .made .'.a~ter its purchase Inl906 ~t0 :en~:~ge ,,flhe 

,canal 'and increase .its ,.capacity .to .~,07.6 second-feet at~ ,~he 

headworks, This ,work i~was .:completed ,.by 19.1~<. A d d i ~ ~ o n s l  - ,  , .  

,improvement s were made :from.-19.:1,..7 t:o '~922 which ,allowed -,,the 

.capaelty ,at the ;,headworks ,to ~.be .increased' ;to- .l,, 300 second- 

feet, .its present..capaclty.. - " - . " 

p,heck ~Dr_ER~ .SSructures . .  

'Due ,to increasing :the capacl.ty of. ,the ~canal, ''r~ " ~ " '"" ~ : ' 

hydraulic ..gradient ~aus~nE ::~noreased .veloci~iles ' 

and a l o w e r  w a t e r  >s)arface..," ' T o  ~.meet";thi.s : : , oondi~ ion , . , : eS 'oEe .ok  .-.' 

drops ( f.lgure :81) ~were. '.built .In the icana~ <~bout 2 :.mi'les..~apar,.t., 

Most _of the .cheek .drops were .built .In ~.the <wint.er iof I, ~907.'0B.; 
and the ..remaining ,.ones .were ,bul It' ,,durlng.the perl.o~ ;19.0.9 ~16,. 

These .s~ructures raised _the .,water .sumface <enabi-i-ng "~the 

desired amount of water .~o be ~di~e~ted:.t>nroug~a. ad.J £n.~ ..n~ 

laterals and, at the same ~.t~ma,--.they :~reduced ghe-~.e~o.ol,ty .of 

~,, i :5 
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NOTES 
All plates ~" thick 
AI~ rivets ~" ~;~mefer, specea 2"cecfe" 

to ce,';~'e~ aiiO I~" from edg,~ of ~us~ets 
~It ooen ho~es ~'~JOmeter e~CeDt as no,~O. 
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EL,~.2# 1~+ +, 

@+0" ........ ~ . . . . . . . . . . . . . . . . . . . . . .  ". 
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NOTE 
BOse'on~;e.c rode set +n 

concrete+ beorin~ plotP 
rh;ets counfer~un*, and 
chipDe¢l between ~;~Jte 
and angle, 

These angle5 ore not par*. 
of brackets 

~"-JxG°+IO"Bos+ plot+¢ " +" " ", 
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.~,; .... •flow in the ,.canal,. -~, - -- , " 

iii. Exam'tnat Ion of ;f;Igtuee B: sho~s •;the • , t h e  ck •drops <to •be.,of 

a standard design.° .'A -cheek ibagln ~Is place~ 'between/!~.two ..... .- - 

,v, ertlcal wal'ls, ~}Included' fin ".the ~check ~b~s~n ia~e " .... ; ~ple .s ,on " 

.which steel ibrackets ~are .placed.° The~e ipermlt the }p~ac~Ing 

of flashboards ; in  ~the:,f,low .to ,regulate the.~flep~h ~of .water 

• between ~auccessi~e~.check drops, R!prap~i"s ~placed ~In ~'he 

approach and ,downstream from ~the ~check ~,as~nl .~itu ;ireduce scour- • 

Ins. Although. '.the"~heck drop ,stz~Ae~uresl;.were esigned , 

nearly thlrty~.years ~s~o, tKis t~pe of deslg~u i~s 0cc~siona~lly 
L, 

used t oda~% 

i%) 

-/ 

L. 

The ?roblem • ?. 

After ~.~he .~check drop ~:str, uctures ~:had ~be.en :"~n operation ! 

only a .few~years, scouring?began to occur :~;In ,the.canal ':': 

s ect i on.im~nediat ely -, down st r earn,.:: iMal.nt e nance .!of .,~tie ,:cs~ual ,. 

banks was required ,:continually, ~Thl-s ~conslste . ~of placing • 

riprap in the scoured"~sectlon of the ,canal..:~d~inE ,the ~wlnter; 

however, the riprap .was .washed Int o ,~the ~ .c~al ,.durirAg ~an .... :: 

irrigation ,season. GraduallY':the soOur~Ing:~,oontinued,~.regard- - .= 

less of maintenance, untiT :recently~:.It~became necessary, ~ :to 

., ~e]~iminate 2t, si..nce ~ghe Scour :was ~encroa0hi, ng ~upon ~va!Uable . . i:!: 

orchard and crop/!snds adjacent to %he/drop istructumes. In . ,  

some instances, the canal below a drop ~was ~nearly !%,wlce i:ts ' "r" ~ 

o r i g i n a l  wi ldth . ( T ~ l a l u r e l s  5 :and '9,).' " ' A c c o = d i n g l y ,  ,,t . .  -~ 

was ;referred :tO' :.the. :~Bureau=,!of 'Reclsma~i0n, Denver, .0olorado;, 

.It will be ~aeen .presently., f~rom~!~an .ianaly~tical s~%udy, of-. ': ;; 

a typical cheek :drop :structure, : , t h a t  -,ti~e. scouring in ~he 



o 

k J~ 

i " .  canal was due prlnol ly . . . .  pal to submergence at the 'dm~p~which <ii: 
r 

,:• , prevented effective energy ~dlssl.pa~tion• :and vel, o0ity ~ed~eglon. ~ ~: ;~.~:,. ~: 

This is reeogn~zed':as a pr0biem.:of: some of ~he dropi:~s~r~;~t, ume's : ~ ',: 

eluded Group ilI • ~o 

Solution b_~ ~Node! •iSt~ ~' ~ , ~. 

Since the~e Is no, analy,tioai~ method ~hioh ~ 

,~, • applied to ~he ~sco,u~ effect 0fi:,:flow a~ existing check <~r~op ' 

structures, Itwas~ :nec~ Sr, aulio model, i:.: 

of  the  ,check , d r o p s  ~ t h e . S ~  s i d e  .,~a:L~ •:' ' :i •;;,. i/ 

problem was submitted ~to the author, it was declded to~ s~u~ 
A 

Check •Drop _:No:. 4, as that strue%ur e ~,~s s :typical of %he 

,unfavorable•.,condltions ex~s.tln~-(figure <9•). ' : " : "'r " " : 

< •'~ " } 

Amodel is.~u~.dY•~ was •.,:.Zo~:.be ,made., :~hePefore, ~uo •determine,- . 

in the form of~a rscommen~ed .design, theneoessary ~revi~ions ..... 

which could readilybe ~pplied ire ~eok D~op No, <4: to :. . . r <:'y 
• . ,v 

eliminate excess~e':.eeour ~i~ng~ in the ,os~ual ' Since ~he Cheek '•:: ~ 

drop structures ame Of a sta~zdard ,design, the reoommenEed ,j,'i: 

design determined for ,oheck Drop :No. ~ ~<.could b~ iapplied•:go ~ii,' " ':'~ 

the other droop stz~zctures. : .... ,,= .,, :~,~ 

J 

f 

v . 
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~": Although It-is ~not..:,pOss~ble "to de~erm:~ne :analy.t"ical~,y .. : .~ 

the scour effect -:of: %he :.flow~at :a~6heck,::d~op ~is:t~uctu~e,. I% " .. 

• . i s entirely posslble ito :make an ana!y~t~cs,l 1. :Stu~y:i of. ~he' :~,2.:Pe " 

~- of .flow,, :for ~example, hydraul~ic ~ump or :st and~.ng ~wa~e.. ~ If :'i.t :.~';~! 

L . 

is determined a hydraul-ic Jump exlst.s, ithen i't is known.i~tha,t 

c on Sidere~ble energy- • d~ s sipatlon i s-occurring, . If a ~:s.ta~ndl, n~ 

wave is fotu~d to ~exlst, ~however, .~hen :it is ~known ~hat 

very little energy d~sslpatlon ~occura. ,Havlng once' 

established the ~type of fl'off~hat ~.: exists "at a. small .drop 

s~ructur4, it'.Is then oftenpossible '!to~explaln~helr::unsat- 

~sfactory .operst2on, Inad~It'ion ~o any-exolanat±onsi~Igenas 

a result ~of observations ,made on %he~,~actual 

the model. 

In .hydraul'Ic literature, some ~autho2s :~s~fer ~t o ,.the 

hydrsulic Jump as :a standing ~wa~e, ,while ~o.thers (include i:the 

i ~ ~ ~n ,~ ~ author) consider these ~o be two d stinct ~phenomena~. ~ ~hi~s 
. . . . .  ~o . :/% 

dis cus sion, a hy~h-au.llc J ump shall' he .consi~ ered~ ~ha,t ohenom- 

: 
k- 

~ig~ ~en .as 

" :/ ::!i) 

enon which ~occurs when flow less than crlttcal, depth, .rapid ~i I 

flow, passes In an :i, aBrupt manner t o flow gres~t er ...than • ~i 

critical depth,• ~,~ranqull ~flow. :.~A standing wave-shall be ' 

considered as surface :undulations ~characterized by flow atoll,or ~ il 

very near critical depth. ~.:i 

The/Spec!fic ~.n~ ~ ~  " 

For a given discharge., aspe cl.flc energ~y .diagram is i~ 



I - ~ q u ~ " ~  - n I r / . +  . , ,  •~  , + ~ + + + + / . . / , i  +~++,, +: . +  . : + , ,  + . . . . . . . .  

+ 6  ' 

ii + o b t a i n e d  b y  p l o + t + t l n g ,  a s  +abs+olssae+.speo+flc++~en+t~,+.+i+i+hlch_.i m !++ 
- • + 

++ + ~' ' +Mt~e + . + + ~  + 0 f + h + ~ V e + o  0+ .++  + h + a ~  , + .++  ..,~ + ~ d  +++h+ :+~ep m m 0 + ~ + i  0 " ,  + ~+; "" ~'"'+ 

and plotting as .ordlnatos~) L ~ , +~'~e .:depth ,of:.flow3,. ,,>Figure i+o0 '~ 

shows the speei, flc energy ~ . d l . a ~ a m  :,+for .Oheck: D r o p  ,iNs+ . - ~ ,  
, :% + 

T h i s  d+Io~ram h a s  i 1 ~ e n  " ~ p 1 o t t e ~ . . : f o r : . a  . , d : ~ s c l m r g e  ,of.-. i , i , 9 6 4  ' .seoond+.-. " -  
' " + i ' /  + " 

f e e t  t h r o u g h  t h e  ~r+. ~wi~ th+  +of ~39~+18 ..... +,-ii:~ 

f e e t  ( f i g u r e  . 8 ) .  " ! : :  ' - .... - "  +Y . i  

BYi?referring to++!the ,ispecl-f, ic ..~energy-,,dlagr, am, <S~tls 

sible to %race .+the ;change +ofs fi energ~ i~ + ~pos  p e c k ;  o; ..+i.n ~ he f,l.oW + i' 

Sly with the change of -'.de ' .a sectIon for: ithe < en ~d:i:echar.ge. '~+~ 

It must be understood, however, ith~t speci'flo .energy ~s 

• ref.erred .to ,,the bott om.~of a channel .as .a (datum WbiOh may ?:":"i 

• ,change .from :seCt<ion -~to ".,section, + " :her~i, se.,st.at-e~,..:~he • ':~: 

II s +terms pecl f+ic energy" ; :an~ '"energy" +w!ll:~ba sy.nonymous, 

It can.- ' ibe .+seen ~on : f . i g U ~ e .  '~00" !that ++'at o n e  ipartictu!ar .!~!! 

depth :of :flow .for the .~glven ~ dlschsmge ~ ,.energy :i-'s ,: .. 
c 

a minimum. This ,:depth, .at which :a +g~:~en +dlsoharge <flows + .... 

~Ith ~a minimum :content of specl.flo . . . .  .energy.) Is ..o~lled '~crltloal 

depZh . ": . L ' + ' ' ~  

+ " > ii 

T h e  ~Hyd~au, l i~ . .+J/=~=~ -, . + . .>, +ii~.~ i 
,+)? 

Referring "[tO-~rf.ig~1~es ..l'OB !a~d.ilO0+). ",~t '+!'IS. ~se.en .,.that :a: ~ ">'~ 

.hydraulic +.>~ump + i.s"+,the ~phenomenon ~b~ a ':.- .~ 

.depth, dl, +below oritlcal depth, +p sees +Ini+an :abr..up~ m net 
~,+ 

t • +'~" " + + • + to. tranquil flow, <a a depth+ ~d@, .+abo~e :;cr.~ioal ~.dep.th; ~.The. +-+ 

-amount of specific .energy .lost ~In +~the +Jump ~ -~epresent~. by 
t -  " ' " - 

..Bskhmeteff, Boris A., ~ +Hydraullos of ~Open 0hannele; :Mo@raw,+Hi11,. :+i 
1932; 9-:39:, 
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E1 -F~ 2. Now:, ,.for a constant-cross section, the velocity 

:VI, above the Jump has been reduc6d~ to a veloclty, Vg, below 

.:!;%he j ump. 

-" The ~ep.ths.~ 1 and '~ d~, upstream and downstream from the 

-: Jump, respectively, are oall, ed conjugate depths, A definite 

, relation between, them. may. be 'obtained by applylng the 

,~, momentum principle. This relation is: 

me • .d e --dl ~ d 

:: 4 

._ .,~om thi s relation, if either 'depth and corresponding, velocity 

i. are ~,known for a given-discharge , Zhe other ,depth and ooITes- 

:"" pondlng velocity .are..readily determined. It is important to 

ramember, however_, ,~hat thl s r elation : applle s only t o • a 

" hy~a~aullc Jump. " 

F 
" L Assume arectangular channel of constant cross-section in 

whlch it is possible to.vary ~ , ,  the ldepth of .flow. downstream; 

and assume dl~ , .thedepth.of flcwupstreamto be constant, : 

and .the dlsohargeto~econstant,.Now, by.referringi~.tothe 

i speclflc energy diagr.am (figure I0~), it can,.be seen that if 

~-,'_ . ~ be-lees than d 1 (let d I =..l.50-.fee re will be~:a gain 

; .in specific .energy. Ender .these cond ~he flow could ~, 

": be represented as paeeing~ over a v.er .... ~" 
i . , pillw  v. 

." i :But now, let dS be greater %h~n all, 
..... that 

.there-will be loss .in ,specific enezF~y. In,the ps/~, Iculam - 

• LI~ - ~ 

I ¸ 

-c ' 

In~ a Ismge loss in epeolfio: energy, .~It will .also be 

observed in the :case of a hydraulic Jump, .:,~hs5 .the ratio dl 
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is mush less than unity. Thls i~ an important fact~ ~ince ' 
!, 

. large energ~V lessee are accompanled by g~eat ehaz~e~ in 

depth, an~ g~eat changes'in :depth result in eonelderable 

velocityreductiono 

The Standina Wave 1~ 

If suffielent energ~v is not present in the flow to 

cause d I to be considerably below critical ~epth, then the ~i~ 

• flow is sald to be in the tranquil state, u s u a l l y  eharaeter- 

Ized by  standing waves or surface undulatlons and very small ':i:i 
J 

energy loss~,,r,.. 

Assuming agaln the 

and r e f e r r i n g  to  the  s p e c i f i c  energy diagram i n t h e  reg~ion. 

just above critlcal depth, it can be seen that: If thedepth 

~of flow, d~, be less than d I (let ~ = 5 feet), there will be 

a loss of specific energy; but if ~he depth of flow,..~, be 

g~reater t~n dl, there will ben gain in specific energy. 

These energ~v changes are directly~opposite to:those occurring 

in the hydraulic Jump. Fttrt.hermore, standlng waves may form 

even if d~ is sllg~tly less than or greater than ~, and they 

may also form if d 1 is sllg~tly less than critical feptho 

There is no abrupt change of depth whe.n etandlng waves 

occur, so the ratio, d i , Im nes~ly unity. Applying this to 

the specific energy diagram in the region above critical depth, 

it is seen that the rate/;0~ " change of energ~ Is very small. 

This means, furthermore, that the chan~e of depth is slight, 

resulting in very little velocity reduction. 
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~;l_asslflcatlon_ 9.~ ~. ~heok_ ~ ~ 

It is dlfficult to completely det 

" '  ~ ' ~ ' ~ ' ~ ,  " : ' ~  .' , ' - ! i '  ~ .  '" <''i~' 

I the type of flow that exists at Cheek Drop No~ 4, slnce the 

losses inherent in the flow through the structure are not 

~ readily determlned. It: is possible, however, to compute the 

depth of flow atthe flashboards by ~applylng Bernoulli!s 

i equation from the canal section upstream from the drop to the 

flashboamds. Bernou_lllas equation is referred to  a :constant 

datum instead of a varlable one, as proTided in the ~ speclflo 

energy relation. 

From observed field data at Oheek Drop No. 4: 

Q = 1,964 second.feet 
Depth of flow upstre~ feet 
Depth of flow downst~ 5 ~ feet 
Fiashboards awerage/~tw o per panel. 

Wrlting BernouIlll s equation from sectlon 0 %o seotiun F 

( figUre IOA ).: 

(1) 
V 9 V 9 • 

e o* o_e_ = d F+'P_/_ + 1.00 + losseQ. (~:!Osse~ are 
2g 9g 

With do = 7.10 feet, o = 0.16. 

small ~ in thls 
reach and may be 
negleete~i~"~).. 

Also, VFd F - q, dlsoharge per foo~ ~ of~width. The wldth Is 

39.12 feet at rectan~ularseetlon. 

Now, v;@ 39.22 
• . ~2.13 - 

? . l O +  0.16 - d F~94:0_5 ~,+ 1.O0 hence 

i 

: 



It ,is found. ,by 

~0 

y solving equation ~ (~), = 5~.44 , 

feet. Oritical depth at section F i~ 

; obtained from the relation: 

,J-i 

? • ,, 

dcr = = L 3 2 . 2  J ~ = 3 .64  f e e t .  ~;~i I 

~,;~i (~ritical depth in the trapezoidal canal section is ~ d I =~9.~i ~::~ 

: feet. ) c r  ;~i 

It is noted tha~ one value of d F Is ~greater than orltlcal ~!• 

depth, but the other value is less than critical depth. ~ It 

can be readily seen, however, that only one value applies ,: 

here. If the tailwater below-the drop could be lowered 

sufflciently the depth of flow o v e r t h e  flashboards would be ~' 

practically critlcal_ depth;  furthermore, it would be Impose' "::~, 

Ible for the flow to pass below critical depth at this;pc Lnt i i;~!i 

in its natural tendency to fall, s i n c e  criticaldepth corre- i!i 

sponds to the least possible content of energy, i Any~:addi_ "~.~ili 

tional lowerin~ of the water surface below critical depth at !:iii 

the flashboards would require energy to be added from an ....... ;! 

outside source. Hence, the value of dF which le greater than 

critical depth applies here, or d F -5°44 feet. 

It has been shown that the fo!lowln~ criteria are 

necessary for the-formation of a hydraulic Jump: (1) The 

depth of flow ~pstream from the Jump, dl, must be below 

critical depth, and the depth of flow downstreem from the ~I 

Jump, d~, must be above critical depth; (2) d 2 must be i "! greater than all;. and (~):  the conjugate depths, dZ and d2, 

!:i 
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must bear a defin~t~ relation to each oSher, It has also 

been shown ~hat st an@tng wave s ~ill form when dland d~ are 

:nearl~ ~. eoual and are either gl~g~t12 :above or below , orltical 

~i ~ 

depth e 

The criteria :necessary for the formation of a hydraulic 11~ 

Jump ape not sat~sfled .at aheck Drop No, 4 because': (1) • :: 

Oonsidering d F to be similar to all, the .depth :u=stream i~om a !:~i~ 

Jump, it has been ~hown %hat d p i's @rearer t.han crltleal i~ 

depth; (~) if in the conjugate-depth relation we let~6 F ~ 

dl = 5.4& feet, then 62 = 2.28 feet which is not only less ~ 

than d F, but it is also less than critical depthio Whie h~is 

impossible slnce ino enerF~Y has bee n added :from an outsidel •~' 

~ORPOe • . . . . . .  

the exlstdnoe ~of standln~ ~ 

waves is satlsfie6~at Oheck,Dr, op No. !~ because: (i) dF is 

greaterthan critical depth; and (9)~he~presence of 

excessive tailwaterdepth atall discharges~: not,only results 

in 69 belng above critical depth, but it prevents the~epth 

of flow at the flashboards, dF, .from being less ~b~n 

critical depth. 

Comoarison ~ Losses 

,i~ I f  t h e  losses i n h e r e n t  i n  ~ h e  f low,  ,were known from 

;i~ section F to any ot1~er ~polnt s ~in the cheek: basin, it .would 

be possible to write Bernoulli~le eq uat~i,on t° determiner the 

~ -depth of flow at these points. With these depthei the loss 

i of specific energJ could be determined through the ~ st~uo~ur,e. 
= 

It is known, :however, that the loss of ~ spec~flc energy in a 
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' • , ;~ standing wave is about ~ five percents Whemeas the toss,mr 

. ispe¢Ific energy In a hydrauli'c Jump was g'e.en previously ~ 0  be '  

i Since it Is not possible to accumately determlne the 

cha.nges in depth of flow through the drop structures, assume 

standing wave flow In whlchd I .5.50 feet and d9 = 5.00 feet. 

:~ Then from figure lOG :hhe correspon~ir~ specific energy values 

~ will be E 1 = 6. ~0 and E 9 ~ ~&.90, re sDecti~ely. ~ : ,  The loss, 

E 1 , E2 = 0,40, or 6.4 percent. Assuming a constan ~ 

~ rectangula~ section~ that since the decrease In 

depthf~om .el to dR :is small, the reduction ~n ~elocity will 

n~ 1 Now assume that ~sufficie ~ energy is available to form a 

h~Tdraulic Jump at Check Drop No. 4, Then le~ d I = 1.00 fee , 1 

andwlth a discharge of 1.,964 second-feet, ~I = 96j91 feet i 

per second. The conjugate depth, therefore, will be d 2 = 7.,50 ~ 

feet with a velocity V 2 = 5.38 feet per second (figure• IOB), ~' 

Now, E 1 = 12.30 and E~- 7.?6; the loss, El -E9 =4..54 

(figures lOG). The loss in energy will be 4J54 x I00, or • 

36.8 percent as compared ~to about 6 perce ;s~dln~ 

wave flow assumed, Although ~here was practically no velhci%y ~ 

reduction in"that flow, the ~eloc~ty ~educ%ion t hroug~ the• 

assumed hydraulic Jump is abou~ ~ 80  percent. ~ / 

As previously mentloned, the hydraulic Jump Is used in 

stilling pools of d~op st~ucSures ~hen suffiolent energ~7 ie 

available for a J~np to form. When ~ thi s occurs, it has" been' 
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shown that the energy of th~ :~ flow i:m-~.not :On,ly g ~ e a t l y  :~ ~a- 

sipated, brat the velocity of the fiow, ls,eonsmaeraoAy r~,, ~_ 

duced. For best efflcienc~" of the hydraulic Jump,! the !i still- 

ins ~Dool should Include dentated silla or'teeth. :-~This will::/~:, 

~Iso aid the formation of a uniform velocl%Y ~ als~r~zou~.~gn 

below the Jump. If the canal ~sectlon i!s riprapped for~a 

short distance downstream from, the stil!In~.pool, veryi~llttle 

scour, if ~ly, will occur in the canal, But It ~I is I. important 

%o note that severe scour will occur-downstream from~,ia I drop 

structure even" though a .~,vdraulic Jump forms, If ~he Jump~im 

not properly confined or controlled. Many problems of this, 

nature have al~so been corrected by model studies. • 

the design of ~aheck Drop ~Noo 4 and Unfortunately, . .... 

similar drop structures in/the Sunnyslde Main Canalprovides 

! but little .energy dissipation in ~he flow. The class 

:• reveals that there is. not suff~clentienemgY to ='r '~' 'O~':  ~ 

~i! lic Jump; instead, stand~ng ,waves :form~: Under'thi~- ¢ 

there is little velocity reduction; hence,~he canal downstream 

must be subjected to veloeitles.,which are excesslve~forthe ~ 

fine material, volcanic ~sh or tuff; ~ through!whlch the ~ c~i ~ 

~: available to cause 

flows. 

To digress :for the :moment. it may,seem,paradoxlcal to 

state ~h~.~t, it is neces:sary. ~o :disslpate. energY of flow, to pPe- , 

vent scour, and , then ~to., state that::sufflcleng~"energy ' mustbe ~• ' ~:: 

eff, ecti~eL energy ,dissipation. This is 

evidently a matter of the resultOf losing specific energy~ 

The loss of energY in a hydraulic ,Jmmp ie c.ongLder, able and it 

Is accompanied by a great change in depth, and ~considerable 



' " " ' r  " )  

v e l o c i t y  . - e d u c t l o n .  The s t a n d i n g  wave,  'h~w~ver ,  causes v e r y  . ¢i:i!i,:i: 

-"/.little. energy .loss, and,~-,th~.refore ,onl~y small change' ~n'.dep~h 

,;:i:! and very ,,~ittle velocity reduction. Hence, to _~u~e:the , .?i 

~ t h e - v e I  c t y , i n - : o r d e r t o  p r e v e n t  ' amount of energy a n d  ~to reduce 

 couring, i s  nec ss y o use the f low  to  p ss 

~ a h y d r a u l i c  :~ump.,  But  ,to ~do t h i %  t h e r e  must be s u f f l c ! e n  ~, 

" ' energsyto make the depth upstream, ~!i., .be .cOnslderably.. . /less ,, ,,,~ 

than cri'tlcal depth. Oonseque: f~:etauding waves<.occur_ in 

the flow., more energy must be :added before ~a ~hydraullc .... Jump 

• will f o r m .  . ~ '~ 

Now, as has Just been mentioned, i~he use.of a.hydrauli'o 

Jump will give satisfactor2 ,fl°w c°nalti°ns In andbelow a 
" ' " r 

stilling pool; but <-obeervatlons of the ~prot.o%ype_ and model.~ re- ...:~ 

veal the standing wawe flow at Gheck Drop. No~ '.& to be respon-~ . i~!{ 

sib!e for the un~ati.sfac~tory conditions. ~s~ead .of .a~nlf orm ~.. I~ 
• . . '? . . - 

flow distribution. -hi ~elocity flow is concentrated n the 

center of the canal. This is evidently ..due to insufflelent " ii~.: 

energy dissipation and ~e~oclty reduction, and to ~he s~den ~i: 

transition below the,check basin (flgu~e 8)~,~ : Further cheer ~.: ...... iii 

" ' ~d preseh~y~ :discloses:" (I) " arlene made on the model, .aiscusse ~ 

As a result of ~he nonmniform velocity dlstribution;: large . . . .  ' 

eddies form along the sides of the .canal. These e ddies~have. 

sufficient .velocity to .cut into the canal-ba~ks and produce %he -~.~ 

• e x c e s s i v e  e o o u r  ~ ' h i c h e x i s ~ s  d o w n s t r e a m  f r o m  mos t ' • ° f  t h e  ¢~heok .~:~i 

': drops in the 5unnyside Main Oanal" :(~)there was very little :! 

ii improvement in the .flow, even thoughthe standing wave~ ~t ~ the .... 

~i drop ~ere confined within a rectangular s~illing pool; and (3) - ~ i ~ ~ii < 

< rip ap below the drop structure was waehe~ into the canal° 

,I 
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• <~D • < . " : ,  

.Model -:- 

The model of Oheck Drop No. 4 ~,as built' : to :  a scale of 

~ I to 15 (figures i! and ~2). The drop structmrewas con- 

ii< "'~~uc~@~ :~of :redwood, and the ..steel brackets were made. ~f ~ i. 

i~,.'.lig~b_t-gage sheet metal. The .dropstructurewas installed in 

a large., .metal-llned box, which .provided sufficient 

approach upstream from-the"drop:and sufficient wld.thand : 

length ,downstream-so-that the scouring of, the canal would .not 

be restrained. :Ga~eswere installed to:measure ~he:.dept.h of 

flow, wh&ch w a s  -controlled .upstream by. flashboa.rds . a t i . . : ~ h e - ~ L r o p  

s t l ' , u c t u r e ,  a n d  d o w n s t r e a m  b y  a t a i l  g a t e ,  B e c a u s e  ~ h e  m o d e l  

velocities were conSlder~bly less than .the prototype ve.l.oc, ~:i:i~ 

itles, ~t .was necessary to use in.the mo~el the f~nest sand ,:~ 

:available to reproduce the prototype scour which oo~.urs in:. 
Z: 

volcanic tuff. A :sieve analysis of the ~ model sand i:s .:shown -: 

on figure 13. 

The purpose of :the. initial, scour test was to :make care- : :i!i~i~ 

ful observations of the flow and scour in the .model for :~!~! 
comparison with .the. prototype:. It was necessary!Zo be . . . . .  . ....... 

certain that :the model would reproduce,qualitatively ,.the_ .>:;~ 

prototype conditions ,before .additional :~ests .could. be,made %0 " i! 

determine a :~ecommenaed de~i~u for ,el~r~tu~a~ scour. 

For the initial test, the model was run £or 96 hours at ::~:~_. 



36  

i 
i 

i 

i 
| . . . . . . .  

...................................... 10 "6 "  

i 

: , . 

"o 
./., 

; I I ~ " ' " ~  , , _ 

I 
I 

I 
• I 

I 
I 

I 

i 

, • h ~ 

/ 

/ 

I 

I 

! 

1 

' t 1 II 
! .' 

' t . - -  1 !: 

V 

i • 

[ 

w 

. J  
,q  

i 

I \ 1  
- - .1  - - N  

L . 

. J  

~4 
1 [  
~ J  

I 

L 

" ' ' ' ' ° ' ° ~  

~L " . 

SUPPLY FROAI 
8" VENT:~RI . ,  

m26 GI ,  U~I I~G, '  " 

SECTION ~-A P L A N  
t 

, . ;  o 

3 ~ 0 °  " ....................................... 7"-8"  " 

S E C T I O N  O N  C E N T E R  L I N E  

i 

El, OR000.- .  

SEE BRACKET OETAIL . . . . . .  " 

E N L A R G E D  

SCALE IN F I [ E T - P R O T O ' ~ Y P E  ~'~ 
0 15 30 4~ 60 

0 I~ 1~4 ~kS 41 ~0 

S C A L E  IN I N C H E S -  idODEL 

,~. 5.t,0" ~.,,F::--, .00"--. .~ 

S C A L E  1N F E E T -  P R O T O T Y P F .  

0 9 IO :5 
. l 
0 4 8 12 

SCALE IN I N C H E S ' M O D I r L  

D E T A I L  O F  DROP 

;'L#-.SHBOARO$ O.:S'e 0 4 0 "  L 5 . t0 "  

ANGLES 0.17"~ 0 .17"10 ,03"  
C [ P !  AS NOTED, 

BRACKET On ~LL[~CH P I E R  

B R A C K E T  D E T A I L  

0 ' "71 2 ~ 4 

SEAL Ir IN I N C H F . S - M O D r L  

FOR DETAILS  OF F X I S T I N G  STRUCTURE SEE FIGURE 

O I P I ~ T u | m r  ~ TN! ~*T[gxOIt 
mu1 [4~  OP q ( ¢ L I M ~ O 0 4  

y A K ~ A  ~B, O J [ ¢  ~ -- WA~kItN~TO~ 
R i r D E S I G ~  OF CHECK DROPS - S U N N Y S I D I [  I t l A I ~  G A N A ~  

HYORAULIG MODEL STUD| E'S - I: 15 SCALE 
MOOEL OF EXISTING STRUCTURE AT CHECK DROP4 

Dnsem. M ql O, ae 3.JIIUJl f | l l . . .  

~lm . . . . .  mI¢OtL~emDEIb 

G n l G I l l .  N $ D ~ &PPIOVlD . . . .  

~ ; ~ ; 7 , , , ; 0 .  o,c. ;,.,~g ; ~ .  n - ,  • =, 



i _ 

0 

,la 

.4a 

0 



E : • ' ' : Q "  

I Z  

2 

0 

L ~, ' : ' • 

~ci=: : 
.OJ , o . 

" I ~ o ' i 
• - o o 

t . • . 

• t i , 

(]~iSSVd .~H~3U:3d 
6 

o 0 0 C) O ,  . , 0  ~ ~ 0  0 0 g 0 

00"9 

00"£ 

OS'] 

( n  

::I:: 

Z 

z s ~ t  

Z 

~ ~g0" 
Q .  

O 

0 

9 1 1 0 '  

8S00 ~ 

C~ 

.% 
~n 

o.' 
%J; 

Z: 



!.~" -~ a .discharge rePresenting :l, 300 seoond-feet.,i: '~.,D~Ing: :this. t line, 

:.nit, bet a/id. ~symme~y ~of~. :the .,~.lashboa~ds and..:;~he tai"lwa%er 
7 , :  " . ' " "  " i  - 

• ' , ,  ' t "  i,. ,depth w~s changed at Intervals:.. ~t the '%ime'iOf:~'he Inltial 

~".':.."tes.t, Uff~clent data .were nog,.a~26~leBle to:.det.e:r'm~ne , 

" ~exact field :relati'en between :t:he :depth. ,of. flow upstream :and 

.downstream.fo~ ::a ce~.t~tn dl he 

.... " :inlti-~l :.scour test, :t:'hei"'i~ep.~hs ;:of. flow • ,were varied .so'• t~a% the ~ 

~ :mode I "flow .oond.ltions ~at"%'he ,drop wou~d .approximate t:hoise 

• - ~a-s wi,gnessed In ,the f'iel~ .i~ :ailable '~ to' :" 'g~., 

photographs,. It was ~eterm!ned .at a 1,a,ter date,, .uP°nre°e:!pt. . . : '~i 

of observed fleld:.d~t~a -, that ,the.<dep~h~ of ~ow mzlntalned in -<~"!'~'~i 

.the model'were .slightly less :,.t'han obser~e~ ~epths. 'Th!s-~had :":'~" 

'no effect on ~he [ 14 and 15 show tge ~, ~::i...~ 

model :in operation, an~ the:~iscour. .. ~at-t'he ,completion.~. . .of~ ~he ' ' ,L'_~il 

. - e s ~  ~ .  " " ' ~ . . . . . . . . . .  . : q : !  

i: al -si~s of Ini,t~al-~Model '~t and . G o m ~  t_,qo P r o ~ t o t ~ o e  " ~ , ~  

~" As a result of ,the" ' *s~udle~ s made durlr~. ghelin~tlal~ - - .... 

tes~, i.t became evident that., the f, ollowlr~ ~exi~tl.ng. o o n ~ .  :- ,,~'",~.~. 
i,/' 2,-/: 

~, ditlons had't.o :b.e :removed in order~:~o ":reach a, satisfactory "~ !>;i:~ 

~'~! design: :{"l): ~Unsymm.etrlcal flow,d~stribu%l.on through.:, the ~O_rop -i;!i 

structure; : .(:2) standlng.wave d:~:exoessI~e-.veloeitles :below ::~5 
i • /' 

i:. ~: the droop; (,3,) ,edd!es.,along the ~s.ld of :~he i:c i r..immedi:a~ely ,:_. 

-'r below the .drop.; and (.41-) scour g:o ghe canal. ,.. -';.<~i ~" ' '~:':~ 

T ' " ..-app~..oaeh condition .,tO......the he :model. anowed ,t-hat e~he poor .~ 

,~ drop s.tructur e s ,.was due to ~he" .wing walls bein~ ..at iri~ht . . 

::. .angles .to.Z he .,d~reetion of flow,,- .,Thi:s:.~caus.ed a ,draw_~own or :~ 

,,, . ,dished eff:eo~ as :~he, .flow entered ~the .panels on each;~.~ide of "-,: 
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:!:ithe structure ~(flg~res .15A and 'SEA). ,'Af~ ter passing or, st ~ the 

.fl~hboards, .the flow " ,al ong the side walls surge~ upward an~ 

became partially submerged by the return flow of the~ slde 

mentioned below. This ,disturbance ~caused an unbalanced 

condition in ,the region of the standing wave.and further 

the poor flow distribution downstre  

( figure iS_A). The :flow through .the other panels was s~tmet- 

~mi~cal, but it ~had ~a ,tendency to 'pile upon ~he upstream face 

of the steel brackets and remain split as .It plunged into the 

,check basln. Thisl distumbance did not prevail, however, 

after ,the flow had reached the region of the standin@ wave. ~ 

"~A standing ~wave, as discussed on page'~8, f~rmed over 

the check basin ( figures 14A ~.and IGAI),, and additional waves, 

accompanied by high velocity flow, extended downstream about 

150 f~et. The ~higher velocity flow~was concentrated :,near 

the center of the canal, but on eajh si~eOf the canal, start- 

ing at a point about 75 feet below the drop, the dlrec~ion 

of flow was upstream, ,This peculi~ c0mbination of flow 

downstream at the center of the canal and upstream ,along ~the 

1-1/5 to I side slopes ~formed a large eddy along each side 

of the canal (figu~,e 14A). The ~upstream component of these - 

eddies had sufficient v~elocity to cut into the ,canal banks 

and produce excessive scour. 

The scour in the model appears to be more severe ~han in 

the prototype, as shown on ,figures 9, 16, and. 17. This was 

anticipated since .the sand in the model was more ~saturated and 

less compacted than the material in ~thefield. The scour to 

the riprapped canal bottom was not ,excessive for a distance 
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• ~of ~0 feet downstream from gh~ ~dmop, ?but :beyon~ th~s ~po~n%. ; 

the canal bottom was ~he~vlly scoured,.-'~Observations on the ~ 

model revealed that theflow~'ss it ~passed icier ;the :f~ash- ,¢, 

boe~ds, was .,part:lal.~y deZ~ected :upwards iby t:he :iwei~ wall":'at ::!:!:,: 

~ the lower ~:end ,:of ~he~check ibas~n. This haa a tendency its,' 

reduce ,the ,amount of sCour;~J:ust ,~ownstream f,~om 1~he drop. ::, 

:: But, as the flow passed. downstream:~o ~he :end of ~h , : 

~rapped translation, ~high veloc~tles :prevailed ,slong t'he 

bottom of the canal. ThIs caused 'a' large hole :to,be ~scoumed, "' 

into which rlprap near this ~egion ,was ,deposi~ed :( figure :ISB ). 

~ This m~7 explaln why riprap .at ~he ~prototype :structure is 

,~,cont!nually washed into if,he pool ~elow ~the ~'drop. 

It will be noted that ~he scour ,,pattern in ~he model 
c 

~, • ~(figure 14)is :~nearly symmetrlcal about ~the :centler I Lue :of~ 

'the ~canal'; buZ' the :scour at ~the prototype :('~flgure :8):is ,on 

~ the left side of ~the ~canal.. This ~d~ff.erenoe In.,scour !Pat~te~n 

' ~ '  i s  due . p r i n c l p a I l y  ~,to . the  f ,  ac~ t h a t  ~.ther, e~:,was,~, no ~cu~.vature ~n 

the canal alinement in the model above .or ~below ~he ~drop 

i structure; whereas the canal cur~es to ,.the 'left ups,tream from 

I~i! ~ ~he prototype drop structur, e and :to the right ~idownstream. '~ 

' ,Another factor contrlbut~n~ to:::the proto,ty~pe :scou~ pattern 

~has been the method of placi,~ ,the flashboarde..These ha~e " ' '  

been ~placed unsymmetrlcally ,:at ~ne steel ~brackets~ to. dlve~t 

i the flow from the scoured ~section of ~he .canal. The model 

• showed ~ef&~itely, 'however, ,that scour will ~be ,excessive below 

ii~ ~:~the dropregardlessof ',he allnement In ~he canal, th e 

compactness of ~the material, or :~the -symmetry of .,the :flaehboar~ s. 



~6 

Before a satisfactory solution ~o ~hi's problem ~oou~d ':be 

/obtained, it iwas ,necessary. to i, nvegtl, g~te ~many ~aeBisns in ~ the 

model and use the !best features 'of each/. Every aes~i6n 

investigated ~was ~%ested wi~h ~ar~ ous ,disoha~ges, tailw~.~er 

~depths, and flaahboard arrangements, Gareful study ~was ,ma~e 

i of their performance, especially ~at ,,maximum ,d~scharge' ii(~OO " 

second'feet )?: since at ~that ~dlseha~ge the ~most ~a~o~ab~e 

~conditlons exls~ed. 

Before studies could ,be made to ,elimlnate ~the standing 

waves and excessive veloci, ties, it 'was necessary ,to make ~he 

~flow symmetrical ~through ~the drop ~structure ~and ~bel~ow ~he 

,check ~basln. 
t 

~To improve ~the flow '~thr.oug~h the idrop str, uctu~e, the steel 

;brackets mere streamlined i(flgure !lSJi~)~, and curved ~tralnlng 

walls ~wer, e added~%o ~the ~wing walls in ~the ~approach ~'~(flgume 18B). 

Although %he streaml~&ning ~of ithe ~b~ackets Improved the!flow 

conditions, it was found later it ~woUld not ~be required. 'T.he 

,use of training ~walls, howe~er, imProved ~the flow conditions 

~to such an ~extent that ,they ~were adopted ~to succeedlnK designs 

investigated. The ~tra~nlng ~wa~lls ellm~nated the d~ or 

~dlshed effect which ~ occurred in ,the ~flow at each side panel 

• (figure ~6A,). 

~J 

~ To improve the flow ~below the check basin, a rectangular 

s~illlng pool was :formed ~y extendlng ~he vertical side walls 

! downstream (figure 18B). This pre~ented %he ~retur~ ~fl~OW of 

! the side eddies-from :eubmergin6 themain stream as i~t left the 

i check basin. ~ 
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~,i, , ' i  ~ ~ ?,, / 

W~th-.'the 

:s~udy of the :fl~o~ 

.~, : ,,eiiminatlon of s" 

i!: }Obs e~at i on~ reveal/e~, ~he J'e 

.pc s Si'~l,e 

~laSh- 

<, ,wall-at ~he .~owns~ream:-end of. ~he ohe~k: assn. This. caused -., .., . 

: i,: ~ s~ ,,of :the r"velooit ow r.to.~e con'ce~t~atea I,I! , 

?:: ::"ie.urface' :wbloh ~maae :it ,not' ,o~,y i~If,flc~It %0 .el~nat:e: the ~ ~ , ..... 

: is~t'an',O!, ng ~s.~'es,, but maae ~eeth:::In the s,tilrln~-~,~ool, i(~i~e~ ~i ::~I ~ :" 

ili:i~,~::leB) Inef.Zeoti~e !~n: ~i.spersim~ "~his velocity. If~he:Je,t, .: ,~., 

% i~coul5 ..be sade "to:follow %~he .,s~ 

would ':be possible to :reduce tl 

i form, and tee,th would ;ha.re-.some effe, 

i ii:~ To accompllsh..this, the ~eeig~ .shown, . . on 
>?~' 

• tried. 

.each pier from ~the :::fop'of .the ~.upstr.eam ,.weir wall ~o ~e: top, 

,of ,the downstream .wait ~,wall of ';the ,check :basin. 

the enter~g .J et :ha~ .e '~hei: stl 

-floor. This -~end~cy ,was !&nCreaeed when:. Sllae ,s 

• ,were ~ueea et ~he st eel :brackets ,~ns:l~ead of._ flaehboar6s 

i: ,,(figure i:18C3, rWith :s~;~ae gs.~es in pls.ce ~he i:direC~ion and ~ 

the .~elocity :of ~he. J~et .were moze nearl2 ~,par.ai!el to the 

apron be.tween the ,piers, since ~he.flo~:had ,%o pass ,um~er'~he 

:wa.8 .... .., . 

In %l~is deslg~i a ~slop!n~, :apr on.;was plaoe~ :betveen ~ ~" 

' Slide gates,. ':The teeth.~:In the 
", x: 

,e~fectiv:e, .and i~ ~as noted-~ha 



! 

I~: : :~.~om the d~op ..were~!.sli~htmy,. le6s, For.~ .e .- :' ~:i 

,•~" -~sllde gates '.~n :!P'~aoe,,. ~he s¢~nd"lug waves :" ," ' " 

i ellmlnated; :but .for,im~im~,::aI.Boh~ge~,,~ !~"'Wa'B';r'r~ee~'S~ g'O ' "! ..... :'"'": 

J~alse ,the .,slide .~gates ,,%o.,:suoh an ex%ent ~hat,:: i" 

.:i:i: er f o l l o w e d  ' .... ' " ' " ' .the ,apron .~n%o.-,the stillIn~ .pool.. ~s ,a .:~.esult,.. 

~'~:"~:. '~the standing :wa~es :st',lll exis,~ed. ,, 

Thle .de sign. proved b~ providing .more ' : 

, ~,~i~h ,..these Im~n6vements.. 

' - ,  ~of :t•he J~et :to /.ol!ow .%he ~.apron ,In:~o"=he ~ ..~ 

~:~: !.fur~ther Increased. ~ ! . T . h l , s  :rendered ,t:he t ee%h ~ stillmore ~ 

:, ~eZfectlve•, and ~he ~V~eloorl',~i'eS ',we~e',/~her ideoreased~ .esPecial- • ,. 

..ly :as a :resu~t:~of the,; ~ded 

" ~wa,ves ::still persi~te~, ?howe~ ,,,~ ' 

: ~ When .it ~was -~obse~,ed. :that.•. :the•. ~.ve!°citles~ ~elow i~he, :~d~op"~:!/i ~ :..~,~! 

.~.~ec~eased with : a n  

~he .J et ~to follow •~ .... 

3 
~aesi~ a h o ~  .on :,f!gure ;18F was ~Inv~es¢Ig~ed~....~.:Th$ s design _.i'.i;-i! ~ 

• provlded s t i l l  ~eat:er ""~".-,.~, 

• ~proper %al'lwater dep.~h:Is :furnlahe~., .-~ 

: - .,good 'resUlts; othex-~Ise., ~he ?ri~11.er ,wll 

: ~.- or be ,~..owned. It ~.was ~0ped " ~ . 

. l.to I .slope .~nto 

',~' :instead :of •s.tandlnE mav, es. ~This was no,~::~,eaii:~ed, :howey, er~ 

exoess'&Te boil, the ~ et"~f:a " ' " " ': lled" to follow -% e .~lope ,~/. :.. .... -," :. 



/ . . . . .  

: . r:: r: , 

:iiii deflector ~at ,the ~t: 

~:~-',,~. :forced ~he J e~ :t'o :re 

~'./. : :s~and~,ng 
,! 

'i~ii~passed .:unSay ,the .,~eflecto~i,i:::,,i~hl;e ~caused .exeessive 

ia~e ~n a n  at~it~ 

:~!i:~ ! s t ~ I l t ~ .  pool  

The ,:deslg 

k . 
& 

Q'L'" I , 

• ~ .:~f~l-ashboards .~or s3:lae ;~ "'~ :": 
E. 

; ~et was ohm~ea.,.,caaslng~,~the. , " .... ' " ~. ' ,, ~:=,~! ~iow -,to: ,osolllate :~,e~..ween.,. '-. ~ ~~ 

i,.. .-foIlo~in~. . .. the-.ogee ~o,r~st .ana ~. ,w~es,.: ,. , ,. ,.,: ) 

Effec~ive ;veloci~ c ion ~as .stlil:~mposs iwl .~h.,~his. ~ :.:.., ::..;: .~: 

etilling ,poo:~,. ~ .  •. " ~ : .~~ i%h e 

~ e ~ z ~ ; .  

eefl e ct or, wbl eh ~eli=i~tee 

~deeper ,stilli 

:i::~ .,~elocltles below ~he ,~¢ 



e~u~ deeper ~stil1~ng.;pool 'w~,th a.~mi~n~mum~ohan@e ';to ~g~he ,e~s~-- 

,, :~r~ stracZume. ;~ig~e ~81 iShOWS '%~h:~e :~e~£'e~on, !whi'c~. '.wss 

,:~evelope~. ~o gl',ve :a : , e a t l : s f e o t o ~  reco~en~e~ ~ ' e s l ~ !  

7. 

L 

:,. ;t - 

.~ ,~ ..... i:•: i: :~ ii ~ 

i-v :~ 

L,.- . .,. 

J 

7" - _ 

L • ;"• 

- ,:i" ~ 

.... , : rj?. 



,~hapt er V 

: ~  Reoommend~,d ~ ,,Structur~ 

, ,+. 

.The a n d  :gO). requires ~he 

removal from the exlstln~ s t r u c t u r e  of: ~the d o w n s t r e a m  weir 

'.wall .of ~he Check ~asln a~d .part .of ~.he vertical side walls 

'i(figun.e :21 ), Curved training walls.are:added i n ~he rapl3~OaCll,. 

l;s a d d e d  a b o ~ e .  ~the .checkbasin, 

:supported by a structural-steel 

existin~ steel ~brackelts ~(~res "~I ,and 

~ possible ~In the field, ~ ~he canal sectlon 

ms.v be built In as shown on fis~re 19. ~Tm any 

:~ .necessary ~o ~place rXprap .15 .f.eet below .the-pool o n ~ h e  canal. .: 
~'~- .o,.~ ~i ~ - . : .. : : .... ', ~,,' . ~: " .~"~i'~ 

';;.~ .. ~anks and :elong t~he ibot,tom,,:, e~ther :on :a :. ,5 " ~o . -: l .: elope o~. :~'i ~:: 

elevation .87~.5~. .Tf ~bac~ill is not ~l.aced.~alon~.-the " ~ ~-: " .... ' -ii~ I 

- .will not .be requimed-:~n 'the iitlon. :No backfill o rlp-~. -.,:'. ~ 

: . :~ap is r.equ~,~ed .In'-,~he."~heavily soo~ed b~s of .-the ~,.eanal-- r'~ ' ' I "P L " 

:: ~" ~ ~"~ : " ...... ' " i :: ~I~I .:~ : 'i i, ii.::~, 

c u l d  :h~ve ~been made to ~ e s t  ~he  d e S i g ,  n ~ o f  ,~he , e X i s t ~ n g  

de s lg~u -would have been ~evolved .whlch no ,doub~t would hate ?~ir !ii 
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NOTES 
I. 'bdl ri0rOl~ shown is included in existing strucfure except 

the lengtll of 15'-0" added belol  #ool in recommended 
desiqn. 

2. NO till iS required in scoured banks of canal below drol~ 
3. Riara p added to bottom of canal is to be placed o~ 5:1 

slope ol at [ I ,  872.55. 
4. See Figure 8 , f o r  details of existing structule.  
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,~ "~ ~/h Turn ~l fen~fe  , . ctnt~ofdob ~. ,~ ',,bor$ up. 
i - - - - - - - - - - - J _ _ J _ _  =bV~r,~,t t ~  ~..;~ 
i r- . . . . . . . . . . . . .  ' " t o 

I I ~':'~'Und/sfurbtd eorfh or 

',1':: S E C T I O N  B ' B  S E C T t O N  C ' C  

~Two-ur~t Mo~ 

• T ~ I E E T ~  I A ~ I O  

Corc~t~ ....................................... 67 C,,Yd~ 
l~.mfercem~nt 5tee,'. . . . . . . . . . . . . . . . . . . . .  5000 Lb~ 
5truct~'~ Steel. . . . . . . . . . . . . . . . . . .  "...J694 Lbs. 
7~mb~7 ................................... l lZZ F.~M 

:i~ N O T E S  
All reinfczT.cment sh~ll be ~oced 50 l l~f the cen~e~ 
~ of bor~ in fhe oufer /oy~ w/ll be Z" from t'oc~ of" 

• ~i¢~te. ~ o~','~,~ ~*,o,,,,,. 

Lo~S ~th 270 Oeno~ ond rod//of 4 bar'alan~ters to be 
, ~ro~dcd where sho~n. 

See ~ ~ / ?  6~8 for ez/~fin 9 sfrUcture. D.~rAIL ~ CINCH ANC/40R 
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e U N N V S I O E  D I V # I I O N  

M A I N  C A N A L ,  
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C O N C ,  R I ~ T ,  O # t T A I L $  
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"": recommended ust ' d. t wasi:not~ possibl , 

~, to ate :.,.an ~,,..thls 

,.- stu~:~,- .s£noe, t e ,cost. of removi~ n 

, .t,he: canal, woul'd::have been.~ exces~ ~ n -  
• , t ,  " 

:~:" :~,:offered here ~ i~:ione .whloh Is.n01 

-,, '-"that "r.ende~s, the 

c ond~t ion s ~nvolved. :. 'i, :.:i.~,::' 
/ . . . . .  

: FI, ow .,~ot~zh : Recommended 

:By :iplae~ng curved tb~ining walls In:,.:t 

adapting a deflector and stilling pool at 
/ . 

,the .recommende~ design has . eliminateg .the following unf~v~P- -.~ 

able conditi-ons that. exi st at the p~ototype: . (I) Unsym- 

metrical flow di:stribution th 

~standing ~av.es .and ~ exces slve 

eddies along the s~de o~ the canal Imm 

and (4) :scour .to the canal'. 

The addition: of ouPved 

results ~n a;-'uniform 
"k 

vislon to 

..,- 

k k. 

matl 

a l r  : ~  - 

/ ?  

I 

:::la. not, neQe ,Sary, 

" '  .~.'.: 
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t l  " l  . • 
. . - . . .  . : ,  "7.~7. " 

"•<• 5~ 

" .water sum, face upstream would then.be at elevation 886.56." i:if~ 

=. As the flow passes ove~: tiii --..~-:-' --~ ......~:!' 7-::. . :'~".~:::<.=. - 

'i.;i¢ standing waves forminE, ;t, he ~nd, ~!:~ 

:. and follows the stili i l floor.~ ~ The:/deriector :!IS •so:/;,: } :..:'! 

i . ... placed, moreover, that-the, maximum dlsc~ge can" be..passed:i:.~ : ":"::'- :: ̀~ '~ '" ~'" ' ~: ~'~:~ 

• i. -at normal tailgater - de thOU~r any : s p l a s h i n g  ::oOcUr~In~ '~- 

ie i: i" : : "  : over ~he def ctor:or excessive.,.. . " " .~ 

i!i " ..-wasl.~.. ~, .. determlne8 in the model that additional dlScharge .m~y be 

~:.:. passed in the,event of~a cloudburst or similar cause. : If 

• - " ~ ~ i  
i:" " 1 , 2 6 4  s e c o n d - f e e t  a r e  f l o w i n g  and t h e  t a i l w a t e r ~ i S , r m ~ l t ~ n e d  - . 

at elevation.S84.90, thed charge~may be.in ~ to " is creas ~, 1,595 ~- "71,~' 

~second, feet before the flow spills: over the deflector.. :The ": '~'~ 

7 

l~ ~ : • is allowed to increase with ' , • ,- i:~ ~ .  - .. _ ~, an increase In i 

:i: - str%cture Will • pass .1,490 •second.feet before the fl0w!::tops the ':~ 

d e f l e c t o r .  The ,, -. ter s f ce 

.i~i i 8 8 6 . 6 0 ,  and the tailwate 

.-~i'~ - - .The  flashboards placed~ between the steel - 

f o r  these two conditions " ~ ~, a r e  3 - 9 - ,  . to  

ii downstream. ~ . . . .  . 

AS the flow passes under the deflector and along t ~ : ' "  = 

i!. .,~illing pool floor; It is dlffused~In..:'the: tailwater, "and.. its 

. vel celtics ..~e greatly:, reduced by. thel baf.~l, := 

...:::difficult to~classlfy the type of-now..existingin.the•.~s~iil, 

~" is:evident that •:~ a'.hYdraullc i:iij . . . .  ~ ........ .:i...~ ":~:~ " ~+!:~: 
,. " form, A:roller 

!~::  .... -:however " ' - !~ - : :::~ • =---.- - - ,  iS created in the p O o l  b y  the~a~+,^- - # ~ i ~ _ .  ~ ._ :  t : '  " ' ' '  " '~: 

[ L-,~..~•.~.~., ~'C~,:'~,i/: .:'::i~!:: . , :!.:~.:i-~ :•-i=•'~"v:~:"':'.':": " 'L',-i i~:.'-"~""'•,~'~:"~7.~•'-''? '~'I'' :',,,. -, •," ::"i :••' ,:: ~:';,'i. ''•'•: :i" ~'~':_:/ ,,::i :'i~ 

J 
/i 



/J i i 

i! + 
i call .. The ~ r energy:,hea, 

:~:;.veloclty depends onth and.:the baffle, pii 

;. +...The eff ectivene ss: of :. this oombination!i!to. give'~., s~~ 'i 

2~A, 2~, and 25A. :: ~ L " ~ • , : 

At the exi~t~n~ = l . ~ e + , ~  ~ + + _  

+ ; 

rlil/i near the center of the canal than :at the 

dition, it was ahoxn, caused slde edd~ 

+scoured the canal banes, re 

however, t~e velocity distribution is 

condition extenslveside ~ do not:fn~: : :, , + : +  

Small eddies, 'r:dO 
rlprapp e d s e ct io 

stream, and thei scour:the~. ~:• 

c a n a l  banks (flgure e3A,) '~ ::EVen ~hese eddies, could h a v e  been 
+ ~ 4 L 4  ^+--+m 4 +  i U:+~  

~ , I . ~ J L n . A . A I  ~ l . l  ~ 

:". from +he 
:!/ 

sect Ion. exc, 

ever, sin 

• ~ +. + + i 

+ .  
+ / + 

Scour Test 

A ::scour ~t.es~ was made .on ~his design similar 'to the "one • 

:: .:i made on the model:, of +the ex~.stlng~ 

• :"rr+ead~r. c°ml~Et~i'on :L~.et--een,.+ . + : :the p.erfoPmance:.+of : thetwo ,deslg~s. 

: ++'i+ ,i+:H°wever'+ r I before the canal :was +:::rebuilt: In the model to ITS!;::' . . . .  

::"or!gJ i:;! • Lnal unsecured section for this test (figure 12), 
.,, :," , ~  ~: +i! .:~ " - . . " 

• "+ 

+ ,- 

+:5] 
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,<'~ observations ~were made .to :see wha% ' " : • eff.ec~ • ...the: flow fromthe 

[!!!i~i;::":recommended :des~g~u:.wouldo have..up0n ,a :''"~" ' .~i:.' . . . . .   sco e'd : cenal::;s:ect on 

i . ,  i s i m i l ~  ,t:o , ~ h a  e f i ,  d ld  ( ( : f~Su~e: ,9: ) .  ' , I t  :~.,wa.s ":i:,':!i~i,, 

~ .:observ, e d i t h a t  ,eddi,  es t h e  .wide s e c t ' i o n  e: " " " f the . . ~ ' :soDurei~: ' 

.canal,-but ~he~r ve~ociity was reduce, ,such 

~ - cutt!ng w~s s:t:op~ped. A :tendenc2 ~to !scour at ..... 

.~n, o,ther 'point ,was n~.t .o.bsler.ved @ ~ " " .... ././ 

, Af.t er 'th e ~canal had: been rebuilt the ~model', ~nd the 

':~ "recommended. ~::de sign. structure ~tea.ted for ,96' "hours, '~Wi~h " ' :a ~",dlS..~ 

!i ,:~charge :representing ~00 ~second-fee,t, ~1ng 8cour:W'a~" 

i? : ~very sl'Ight '(--figure s 16.C,: '23B, : <94B, 1:.and 195B .). " i'The: S¢bur".in 

".the r£prapped isec,t"ion just "~O~'.~'~re~ ~ from:,the S:t~l-i~nS:'poo I 

was negligible !(:figtt~..~ 24B.;~¢ompsre ..wl:.~h flgu ~": .... 

ii ',. ~demonst~at es ~,~he ability .of ,the :.teeth .in ~he 

,: reduce ..the velocity along the. o.t~om.:of-the ~can,a~...The 
B O O U 2  - 

at the side alope~.~..--~star,ting 125 !f -" 

was due to-B sloug~h~n~ of ~the sand ~±n ~he'~imodel at the start 

of .the test ,and not.:due. ~o exces..sIv~e v..elocit:i:es.. - ,~- 

it wa~ ..observed ~hat, ~tendency '~to ,,s.co~ ~.:s 

not increased when ~he flashboards .were 

the-stilling pool .operated more efflcien~# ::anu ueDDer 

velocity dis.tr£bution •GoUld be :obtained-If :ithe::flashboards 

were symmetrical= The :.prototype .=maLted 

With such flashboard arr, an~ement s 6 - 6 - 4 , ' 2 ~ 2  ,to di~er~: .~he ~ 

• flow away from .the scoured section of-,thel canal. ::The- function 

Of the still&ng, pool Of~ the :re.comm, g~ struCture~..iS :i tO&. 

£stribut e !'b~t ,.. produce uniform :flow::d~ : ion ibelow th ..drop; : i~ is 

,~" ' _5. 

~/,. ! : 



" D .  

ghe efficiency of ;.the pool :is ,to, ~e maintalne~, 

!!i I .... ). ,*: 

, ,  • , . 

At .the ~present :,.t~me there :a~e no ::da~ta or*:iobse~etlonm ,on 

,,~ ~the revised OheOkr::,Drop :~No. 4,, ~e~nce .this structure be .... 

completely revised ,until .the ~winter of :I'940. However;, ,mi~noe 

:~ .the model: f:~th~ exis.ting structure so nearly ~uplicate~ ~the~ 

~ :flow and ~soour ~:oondi~tio~s :of  ghe :pro.to ........ ; ,!~ 

:" r.test, it "iS qUIte :reasonable to preE~c~: :.that,~the ~:~'~ 

*structure will perZorm ;:slmila~ '.tO L'~he ~model ;of :.the ,i~ec~'en~e~ "i:!~)::~.~ 

Studl es are now :,unlvera 0~eslgn to ?i~ 

st~CtuLre. 

: i 

= 



_ 

• . ,;::Oonoiu~g~.on~ - 

,, ,,, , .  ~ :The r~is~ons ",Zo i:Oheek ;'Drop !.No ~o~m' ,of'/:a 

>rec ommen~od ,deslgn:, ,:are; :~:~rec.t ~y !appl:~'o~:ble % o ~ot~her ' ,:6beck 
. ! ~  . . . . . . . . . .  ~ . . 

',,i>:- ~rop .str.uctures :.~n ,,the ..Sunr&v, side-M~n.Oana'l. -,The .use ,of a. 

! i •",defleCtor., i, rectangu~ar :sti,l,l:~ng..,pool, :'and i,!b~les 

!/.: :,wiSh'.In 'a. :s~i,lllng .pool,, ~may 'ibe.:app'.~io~b~e ,to ,,o~'he:r i~smaI'l ~iarop :'• i 

,~ .... . . : g ~ u c t u r e s  :~n ~ r o u p  I~ , ! . ,  ; :£f  . . t h e  ;T~ow ~ c o n d i , t ~ o n s  , .ma~e ' :~s lmi l~  

",i~i : ~i "t'o "tho s e  ' in  :~'h:e I i S ~ . . s l a e  .Ma~n ,Cana l . .  ~ .  i.: ' .  ::• •• " ,-. " 

~'i ~n.:g.enersll : i~h'e .:author !bel:ieves ~h~t 

occum.s :~t ismdl<l :drop ,,str, uctures, ~and ~s .:a ;:.result %eoour±ng.!ig . " 

excessiwe i~n ia .:canal, .~he }~ 

eliminated ~by agapt:ing .~to ~S 

Just 

;in ~he Tiel~, :it ~is ~,ap] 

struotur.~s %could !~be ~g~eatly ~mpro~ed;, ~ccor~Ingly, 

!iii.-.~ fol.lowlng ,recommen~at'~ons are made .in i~hope that :,they ,~ill - 

i ~ h e l p  , to  .improve :not .,.only .the. ~:desig~us ....of i,:~r.op .is.truo.~mral 

~ ' .cluded -in ::.Group .III., ~but ,structures iln.clu~e~ 

i -  ' In @r.oup .I .and Gro.up :I,I': . . . . . .  " " 

~ -1. When ,~he:,sec..tlon ~of a~canal ior ..channel :Changes if~om 

!} :-: -itrapezO~dal i~.o ~.recgangul, ar ,or ,vlce-~ersa., i,.t 

1 ̧ /,.! 

~.use .~:a ,waigp. e d t rans!ti on ~.. ;: The itransi~t~on., .~ho! • . 

l o n g  ~.enoush %0 i p r e ~ e n t  ' ~he  . o h a n g e  , ~ n ' . i O ~ o s s ~ ! s e c ~ i o n  f r o m  ' . ,being i 

~oo abrup.t. :If ~.th:is.:'Is ;not .possible..wh'en .~he:..SeO:.t!on'changeu 

from .trapezoldal .i~o. :rec.tangular .~n -.th~ ~ d£~ec.%!on; ,of -,flow:, 

,plaoe ,our.v.ed !~ra.lm~tng walls .at ,.the ,entrance to .the rectangular 



" . . . . . .  . J,i 

sec:tion, .orextend: wing walls upstream which "will ally era'e" ~:'" 

from the rectangular secti!o n. ' 

operated that the flow passing ~rou@h .:~hem will,be, 

~unsymmetrlcal ,ga,te oP 

otherwise unb 

distributed. Avoid the :Use ,of 

~r fla:sh" - ' 

ionditi.one s 

stilling .pool .and ~canal section aownstream. AS a~..resU1"t, 

eddi, es will formwhlch .may cause abnormal scour In :the .canal. 

3. Avoid the .use of a hydraulic Jumpior S~milar.energy 

;dissipator in stilling:pools of .expanding section'or 

t r a p e z o i d a l  s e c t i o n .  :A:re~,tangular s t l l l i n g  pool, should'be 

used. <':':. " 

4. In planning an Irrlgatioh system:~ al!ow;.)i8~ficlent: 

length of reach between successive d~,op structures In a canal, 

so tha:t enough head;or ~energ~v will be ,available :to permit the ' 

formation of a hydraulic Jump at .-the: :drop ..!'~tracture. 1 

• c., 

: .i: ': 

I • 

i ~, • e p e n d  on untriedi: fact:a, ~ " 

should be made of ~the energYfosse,and ~ Velo, "~~"~ 

the stilZi  p ol ,by!ir.ferr   t e lJf 

p r o c e d u r e  f o l l o w e d  • i n  b e  a s  a n  e x a m p l e .  ~i '~ 

6. Model :sttldieg have proven~to be an e aid in : ~ " ? ~ !  
; t 

hydraulic desl~n. "I& is recommended that • :wheneVer possible, ; 

model studies :eho~id be made to :solve hydraulic probleme 

which are no~ resdily solved by analytical consideration. : 

I~ is obviously+better to:;.re!yi•on model behavior. :~han to •J••-._ 
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