


:Dem_r_.e;f y Cdlorﬁdb , April 17, 1939,

MEMDRANDUL{ 10 CHIEF ENGINEER‘
(H. G. Dewey, Jr. s

- Sﬁhaect" TheBJ.s aubm:.tted to univcrsit:.as for degrees in engineer_
| ing, by Bureau em!ﬂ-o!fees - Denver of.t‘im. L

e In compliance with ofi‘ice memorandum Ho. 186 dated
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: ‘*If‘atrqﬁiiéf’i o:ii ‘

éals. The total drop inﬂwater surfaqe‘ 18| : |
‘Jmay ﬁe only'a few feet'or severalihunﬁred‘feet,,but in!any_~i i‘
ﬁ?evant 1t ie neéessary to providéxaome meanéfat theflcwer4”
'flevel for dissipatins a larse part'ofhtha energy of flow
:xand for reducing the Velocity“before the'flowfprooee&s along

 ‘7its natural

It has pggnqonly.réaeﬁﬁi&}ﬂecognlzed:?hathth“ hydra ichf‘g

: ;Jump 15 onn?-f_ﬁ. he bes

T gd19sipaﬁ1on;




ower

-éven thoush the drqp 13 small sincef;;f‘.

ikby models 1n 8 hydraulic‘
fﬁthat drOp etructures m
,;‘groups' | ”_ i

| Group I a;;f

eroup 11

| GroupIxI f

'estructures. To acqualnt the reader with,some,of thege

fﬁlem eharacterist1c bf one

ngincludea under Group III,; -




: nergy dissipation and VEloclty reduction 1n flow'whichyis

]nsar critical aepth due tofsﬁbmersf,ce to permit thé‘
'use\of a hydraulic,Jumpwl‘To 111ustr L




dreull ‘groblgm in Dgsiﬂ of
‘\_o:r E‘;..D. Structures




é.between wster containing very little entrained sir and water
chontsining considerable entrained air(figure 1). a,iff' . |
o This entrainment of sir 18 believed to: depend upon*ﬂfi: L
'*f(l) mhe turbulenoe creatsd st the crestﬁor llightly upstream?jfi_
{2) ths roughness of the face or s daonrHspillway,‘LSj the |
depth of flow; and (4) the totsl drop.: Tte effaot 1e to re- ;"

"‘duce the velocity of flow to some value less thsn that

--obtained by considering only solid water snd to increase ths f;l”

'volume of the flow._ The spplioetion of Msnn,ng's*f”rmula for'-
‘Jcomputing dspth and velocity of flow down the BlelW&y will

':'sevidently give erroneous Values. Sinoe the design of a

 ‘hydraulic Jump 13 based J{]principles of momentum it 18 of

‘utmost 1mportanoe to asoertain with reasonable scouracy, the;sj”

”fevelocity end mass of wsmer ss it enters a stilling pool

With increasing volume due to air entreinment it would
be necessary to increase the freeboard at the sidewslls of |
s snil]wqy strucnure,_ Thie would be even more importsnt in f

,design of steep chutes whicn usually hare less width snd i“"

'"fjdepth of flow but more length thsn spillways or overfell

‘,dams. Under these conditions, theg“ncrease in volume of flow

:'1-would be. comparetivelylsrelte »ﬁ:o,w-fj“LV@sff:: Of sidewall

i»ffriction to increese sir entreinment would be greaterﬂwith

J‘fless width and depth of flos.» Evidently, incveasedrlength

5_of chute would allow more time for air entrainment to develop. p

It ls elso believad but not fully Verifieﬂ thst air
.entrainment begins at sbout lO reet per seoond and that the

'iffwster-air mixture will reaoh a terminal velocity of nearly
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‘80 reet per eecond._v , : i it
ol considerable research muefibe“made‘befere!f«uﬁfi} .
eunderstanding can be reaehed regerﬁing~air'entrainment'and_:fb“
s effect en etilling pool deeign. The problem ie'being
- studied in thie eountry by the hydraulic 1aboratory of the
W:Bureau of Reclemation, and at the University uf Iowa end the R

ffUnivereitywof.Minneeota.\5 ,”

fﬂgzgﬂe padiy

T  The drop etrueturee included in thie greup are ueually
e@?required in the design or irrigation evetems, or whenever the
”fidrop is reletively small from 20 feet to 4 feet Altheugh

ﬁf_some air entrainment occurs in the flow in theee etructuree

:'1ts Bffect on thﬂ deeign Of ‘8, stilling pool ie“not a8 eerioue‘e'uv

a8 in the case of higher drop etructures.g_ifyfjfﬁiﬁf"
~ The problem in thie group ie to thein y etilling pool
figdeeign whieh will give erfective energy diseipetion end s
f?7Velocity reduction but ax Lhe eame time be economica 'A-:
fl:importanee of economy is realized when oonsideretion ie given
ito the number of these structuree required in any irrigation*7>ﬂ'
qfieyetem.-,‘*e‘ | __  ‘f" | i o P el
Studiee recently made in the hydraulic laboratery of the'f”
lfBureau of Beclametion, revael the deeigns of theee Y

> diate type drop structures mo be coneervetive. Iti asébeen Ea

'ﬁ*found that etilling pool deeigns baeed on theoretical

%jzeoneideratione heve exceesive lengthgand depth' but the

i Ehrenberger R,,Osterreiohiechen Insenieur {Und
”_1 Architektentereines. Noe. 15-16 and 17-18 1926.




*prapezoidal‘aection. Although this typeAhas been uaed

"hydraulic jump 1s nearly out of the stilling pool _figure 2)

J,;Where trapezoidal stilling poals have heen usea\m

‘*“1n the cansl (figure 3) It has dafinitely been shown,

“v

.fhowever that 8 hydraulic Jump in a rectangular stilling‘pool
‘:ia uniformly distributed across the pool reaultingtinzeffect-'g

"~ive energy dissipation and velocity reductlon a

3 3§g§22 III’ | | |

: | The drop at structures 1 : 5 ,24
‘feet or Less. Theae drop struéturesﬁare required:mostly'Lﬁf;
 in 1rr1gation canals, laterals or ditches.E‘ : .

'the drOp 15 amall

" be neavi¢y scoured.'; ”K “

‘for eanals be taken as b.ﬁo to 3 00 feet per second then
& drap in water\aurface of only one foot produces'anfree ;?i
fall valocity of. about 8 feet op fi
ustructurs,‘ This vflocity may be exceasiwe in ﬁoat eanala;‘ 
rveloabtigsu;ngc§cess;cf*@heﬂailéﬁablgfahﬁ;ﬁermigé1b1e7in' ;

‘only & few cases-' Particularly when the canal belcw tha
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formation of -3 hydraulic Jump,. At amall droP structﬁre{ f;;?V

4 fincluded in this STOUP,_howeVer'gr ;' ' S
L sontaln this condition.,,“”‘.l‘  _*.7 e S . _
o . ‘One of the stilling pool problemB 1n thiﬂ'sroup‘ocaurs; e

“therefore, when the uepth o; flow at a drOp;structur'ziaA

3prevented from being‘less than critical depth.due tn wuhmerg-}5 f1

gence at. the point of drop.: This condition exisﬁi“i‘ oy e T
_Vexample when the depth of flow 1n a canal is maintained"i?:”  ;
ﬁuniformly between drop structures._ Thi:fdepth.twhiah 48 malnii

‘tained in order Lo divert water 1nto 1atéfals, 1s usually-

:guffleient to cause aubmergance (figure 5 )“”#J,” 

| adapted._ One solutionitofthis problem will befdlsc éﬂed3 n”'ff;z
 Ghapter v, L i o

""[_J;t.me condit..ton. , rt. 1‘3 ot a?;%dxfncult ~problem :t.o obt.a.:.n e
_sufficlent energy &isslpat.ion and veloc: t.y reduction at t,hese',
‘.;structurea, and many standard dealgns haVB been made whicifi'[f

‘Vkare readily adapted to a p&rticular problem. :
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‘golution of Individual~2robleme L -
| Although any pertioular hydraulic proﬁlem‘pertaining'to };,'
a‘stilling pool design or drop strueturee=may be recognizeaffff-"

lmeth°d has Proved successful 1n closed conduit and open i
_;channel studies._ Such well—known structures as Boulﬁer‘Dam'  C_

;and ‘Grand Goulee Dam, not te mention many;oti:rs *have been

Qkinvestigazed by moaal studie'?and in every oaee, ithe stllli g

pools in particular haVe beén’evolved by. this method. In |
femany cases, moﬂel atudies haVe besn made of existing_structuréét
f“to eliminate unsatisfactoryﬁ_ §'Qcondit1ons,;:j ij_A y |

| The problems of Group i areiraadily BOIVed by modelw
'~studies, except the problem cf airﬁentrainment Thi§ 

. musat ‘be studled on prototype drOp struitures, sinceﬁwham‘

m velocl y of flow in moﬁels 15 not suff cient,fo_?ntrain_.uuhu e

alr. A etilling pool howeverw may be readily _ 3“”“

80 evolVed w111 operate as inﬁicatedxby the model, whieh 8

Qmere assuring than depending onxpurely an yﬁicaluoonsider'

The problems of Group II have baen solved 1n many 1n-;yf;1
'iﬂsbances by only analytical considerations bux there are~many
_existing drop Btructures included 1n this group which have’”ﬁ

'x}oeen or sheuld be corrected by model studlea. Btudiea at




igsroup.n This type of solﬁtion permits 8. design‘of drqp‘
i structures which will not Only Uperame effe‘uffMt »

2lao be eoonomical.

Hﬂir submergenoe does not occur. This 1sfprpbablyndue t°vless;fg
‘;fdischarge and drop. The problem ofodeslgning ) sti_

‘fﬁpool for the drop structure shown on fisure 6 1: not dif-“

 ﬁ)of1oult but when aubmerged flow ooours at the point of

. ,drOp,‘model studies &I‘ﬂ usually necessary e.fore a Ba‘bis—.j@";‘;j
*factory\stilling pool can be evolved Itf‘_::n‘ _”“‘ -
’i:impossible to aeternine analytioally theﬁsoour eff'ct‘of
T'ojflow at a submerged drop struotore. ”It 1s for this reason
fjthat a model study wag: made of tne exioting;' ;
ﬂtructu’éé”tiigﬁtéﬁESA%nd'QJ,O£Qtﬁé“sumnxsiaepmaxn“ggngw
 Wash1ngton.-'7”?.Ef”o‘u‘hi:o:7“iﬁ _ “5  o
| It is important to note that altho gh 1£ may be

| prede“mmea that & hyar&ulic Jum,p w111 form in & st‘illing s

':fpool of any drop structure ;model studies can sreatly;"y'

:1mpr0Ve the effioiency or the Jumo.;TA hsdraulic Jumpf ased o

on theoretical consiaerations alone, has bee nd gor
unatable wlth high Velooities "corkscrewing"}o tfof tho
stilling pool. This unfavorable oondition 15 praotloally_

?_eliminated 1r & Rehbock sill or a row of dentated,steps

_'and baffle piers, is plaoed along the floor ofia;stillln&




this mey also permit the

by anelyticsl considerstions.




“"Ghaptar II‘”'“‘

;& characterigticanoblem of_w_D R Structura 1n”Groqp III

 §§§ Sunnz___g _g;g Ganal B R o i
MThe Sunnyalds Dlvision of nhe‘xakima 1rrlgatlon{prcjeat
iconslats of aboutiloaﬁooo acres._ Nearly 96'000 aer's.are“ -
irrigatpa by the sunnyside Main Canal ywhichfhésuita diverw* ux
;slon dam and headworks near Phrker ana terminataa about 75335
‘zmiles to the southeaat‘fnear Actonw‘Washington figure 7;f%“,_
{At the time of 1ts purchase by ths Reclamation,Service,‘mhe&fi

ucanal had & capacixy or 650 seccnd-feet*ét.fhﬁghéa@ﬁarké

‘ﬁcanal and 1nrrease its capaclty to 076_second«£eet at_,heffj
headwarka., Thls work wae completed by 191

and the remaining ones were nuiﬁt during the period 1909-16
Tneae structures ralsed the water aurface«enabling mhe~
desired amount of water to be diverted tnrough a&joining
laterals and, at the same Ht.me, the,y reﬁueeﬁ the :"eloeity of
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‘:?Ewhich stael brackets ar .placed

‘of flashbo&rds n t.he flow to reguJ.a,te the..vdepth f‘o:r wat.er
'between su006351Ve cheak arops,; Rlprapfis;placed Hn the
‘&approach and downstream fro the checkihasin; o%

.5Lﬁg, ﬁlthough the dheek droo gtructures were ﬁeBiSﬂBd‘

70; near1y thirty yearsaago thia type of deaign 1s ooaasionalxy

‘ﬁ used today

":The ?roblem

‘on y a few years,'scouring began to:ddcar*in the canal i

_section immaaiauely downstream._ Maihtehance cf'thexcanal :
oanke was requiredlcontinually.r This consisted*of plaq;ng
'}riprap in the«scoured sactlon of bhe\chnal,during the wlnter°}v 

‘however tne ripwap waa washed 1nto mhe'"an 15during;an

7¢elim1nate 1t sinee*«he seour was enaroaehing>uoon;Vai ablerhﬂig
Vkorchara and crop lands adjacent to the dron atructures.

f‘;sone instancea the aanal below ey ﬁrap was near$y_Awice 1taQﬁ:?f

¢orisinal width (rigures b and 9).: Accord¢ngly, the pyoblem}ﬁg?ha

'llﬂwas referred to thw Bureau of Reclamation, Danver Ooloraao.‘3

It will be aaen nreseqtly, from an analytical stuﬁy af

i

tvpical check drop surueture, thaL tne*acourimg 1n the







‘nghmg ﬂrmmm--ﬂ&%m@@ l:ﬁw %@ﬂ&m&m
July 1988 :

Figm'*e $e *uﬂfﬁﬁk Dmp 0.4 4n the- %ﬂ.ﬁﬁyﬁﬁ.ﬁ@-
Main Ganam’?&mhumgt 8 .




“conslderable energ&naiésipation is 6@chrr1ng; If a‘standing
‘VWave is found to exlsu,_however then 1t is known that
fvery little energy dissipation occurs. Having cnce |
established the‘type of flow thatfexists at a‘small drop '
fstructure, it 15 tnen often pcas;ble to explain.tneir unsat-;w
flsfactory operation ‘in additlon tofény explanatlons gi"n ééi
& result o; obserVationsimade on tﬁetaciual structure and3 n- -
llthe model. sl iy -

In hydratlic 1iteratu“e; some.authorsfl__”é-:” 6
'hyaraulic juamp as a standing wave, while others“.-;(*_ncluding the

~author) consider these to be two distinct phenomenau

_dlscussion, a hydraulic jump shal ‘be‘cansidered that{phenom-ﬁ5f'

enon which occurs when flow less than criticalldepth' rapia

*flow passes in an abrupn manner to flow grester than"j ;":‘
,critical depth, tranqu*l flow. A standing wﬁve'shall beﬂ‘f._ 
coneldered aS surface undulatlons characterized by flow.at or};

-very near crltical depth

_T Sgecifig Engrgx Q;ggzgm
For a given discharge a spaciflo energy diagram 13




»tne sum of the velocity head‘ v2 z and ths depth of flow ’35"‘
i g e -
: and plotting as orainates d the depth of flow

showe the BPBGific energy diagram forxcheck qup No. é_““

IThls diagram has been plottedﬁfor a dlaeharge df‘1;264 seconaA”

fent through the rscnangularaaection having a wiath of 32‘""=

feet (figure 8) ‘77: i L _f B R _ $
_ By referrlns to the specificsenergy diagram it?is _
,¢possible to trace the change of apeclflc? An 1mhe flow

whth the ehange of deptb in a section"or(thef31Ven discharge.]fﬁ

.IL must be understood however that specif_c'enefgy 13

'-wa minimum., This depth {at?whi h a given dlschar e,flows

'vfs : 1 ,    ‘. e “'Nf“ e U
Bekhmeteff, Baris A., Hydraulics Of Gpen Ghanna¢s,1Mthaw§Hilliaj
1932; p. 6 e CRE R
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By ~"E2, wa, fcr a constant ‘eross section the veloclty,,.
“Vl, bove the Jump has been reduéed to a. velocity, Vg, belqwt“
The depths dl and dg, upstream and downstream from the {Lf 

‘Jump, respectively, are called conjugate depths.

‘melation between them may. be. Obtalned by applyins the ;j]fwafT

7momentum principle.‘ This relation 15-

2V1 d1 gj_jf *‘”

fFrom this relation,‘if either depth and cor“esponding veloclty

dare known ror a 51Ven discharge the other depth and corres- ff--‘*

i-ponding velocity are readily determlned.: It is 1mportant to
| 1remember, however:fthat this relation applles only'to a
bytrewlto Jump. Vo
| Assume a ectangular channel of conatant cross—section inJﬂ
“i;which it 15 possible to Vary dg the depth of flow”dawnatream'fi
and assume 4, the depth of flow upséreéﬁ to, e coﬁstant o
~ and the dlseharge to be constanb ‘:wa, by referring toﬁths |
“ specific energy diagram (risure 1ocJ iﬁ can}befseen that ifjgi
fldz be less than 4) (let 81 = 1.50 feet) : "‘_ ‘
i 1n specific energy._ Under these conditions% the rlow could

¥




¢

' ie*much‘less‘than unity. Thl- ia an important faet; ainua

"velocity reductlon._

5}The Stsn ding wnve
If sufficisnt energy 1a not preeant 1n the flow tc
.nause dl to be considerably bslow critieal aepth than the
Ilow is aaid to be 1n the tranquil state, usually eharaateru
ized by standing W&VBB or ;urface undulationa and Very amall
‘energy losu.ll L LT e e
Assuming again the conditlons of the rectangular‘channelf
L'and referring to the speeitic energy diagram in the region .
Just above critical depth 1t can be seen that-ifxf the dspth; 

HF Tlow, dg, be 1 less than e (let dl 5 feet), there wlll bef_

& loss of specifle energy, but 1r the depth of flew,f‘ b
greater than dl, there will he a gain in spacitic éhergy._ o
These energy changea are direculy oppoaite to those occurringf
in the hydraulic Jump. Furthermore, Btanding waves may form i
even 1f dp 1s slightly 1e§a ‘than or greater than'dg, aha\they*
may also form if d; 1is slightly 1ess than criticel depth. E
There is no abrupt uhange of aepth when 5tand&ng waves
cecur, s the ratlo,'dl 18 nearly unity. _&pplying this to
the specirlc energy dgagram 1n %he region abG?e crltical &epth
it ig seen that the rate~of change of energy 19 very'small.
Thie means, furthermore, that tha chanse of &epth is eligbt

resulting in veny little velocity reduction.




',flashboards.; Bsrnoulli's equation 15 rererred to‘a constanb
datum - instead or a variable one,?

energy relatlon.

‘Q = 1 264 aeconﬂwfeet fjf‘

_Depth of fliow. upatream » 8o,

- Depth ‘of flow. downs*ream b o s e
"Flaahbnarda average two per pane 'ggjtﬂ; _s-h=g“§,¥ :

(figure IQA}

_g.-’ L _552. y~”
G+ 2o = dF*VF ,
- 2g 233\- N amall in ﬁhis
T ‘ oL “.reaeh andrmay ns
. uegleeteﬁ.)
2 7
‘with 4o = 7, 10 feet Ty
9’5
Also, v@aF =g wiat
| 32 13 feet at reetangular aectian., fff

Now, V“@F = 1.264 . oy 39 55-,!~

35_ 13

2V s  33;33,.gabgiitug;ng-iﬁ'tly;




(2) 6.26 ; &p+i24;0554;?
I 1s round by solving equation (2), that dF = 5"44
feet, or aF 2. 55 feet. Gritical epth &t section F‘id -

_obtained from the relation-'

]1/3

o

g2’ .(gu;sﬁ = 564 feet
e 555 J‘;._-,

3 (Or1ti§al depth 1n the.trapezoidal éanal‘section ia,d‘ = 2.81
‘_feet ) f??;

S It 15 ncted thau one valuﬂ of dF 18 greater than critieal
  depth but ‘the ather Value 1s less than eritical depth It
? can be. readlly seen however that only one value applies?f*‘w

fhere.‘ If the tailwater be ow the drcp could be lowered

'[f practically critical depth' furtharmore, lu would be 1mpossw “ﬁ‘
‘1ble for the rlow to pass below critical depth at thls pe.ntv?
ﬁin 1ts natural tendenqy‘to fall since critical[dapth correa 

“8ponds to the least pcasible content of energy.?

~tional lowering of the water surface belaw crltical depth'at3 “

‘the tlashboards would requ*re energy to be added from an :
outside aouree._ Hence,"the value of dF which ie greaﬁer than
critical depth. applles hsre or dp 5 .44 reet. ;
It has been ahown that the following critarla are
necessary for the formation of a hydraulic jump-* (1}
ﬁepth of flow upatream rrom the Jump, dl, must be below
critical depth and the depth of flow downstream from the
Jusp, dy, must be above oritical depth'  (2) 6 must b
sreeter than dl; and (3)‘ the conjugate depths, dl ana dg,, ”1




:,muat bear a definitﬁ relation to each othe It has also
'bean shown that atandlng waves will form when ql and &2 are

}nearly equal and are alﬁher alightly above or below erltical

The crltevia necessary for the formatlon”cf a nydraulle i

:Jump are not aatiefied at Gheck Drop No. 4 because. (1)

‘Gonsidering dp to be similar to dl, the dapth unstream rrom a. 5

~ Jump, 1t has Deen Bhown‘that ap 1 greater than oritical
;_-depth (2) if ﬂn the conjugata—uepth relation we let dF ,_jf:
8] = 5.4 feet then 8 = 2.28 Teet which 13 not onily 19553{1‘
' thsn @ ar, but, it 18’ also less than critiual \depth; which isg]f"“

‘-Q_1mposslble since no energy has befn adaed from.an'outaide; V‘:_"‘

The criterion necessary far the exiatenae or atanding;f :
waves: is latlsfied at Gheck DrOp No.ré bacause.‘ (l) &F 15 1~‘”‘
I:greater than cr;ticax depth and (2) the presence of :
‘ axcess1ve tailwater depth a$ alJ diacharges;not only reaults ;? 
“~1n dg being above critical depth but it'pfevents the depth .
of flow &t the flaehboarae, ﬂF, from being 1ess than'fj
'cr;uical depbh H e R

";gomnarison of uOBBBQ
| If the losses 1nherent in tha flow were known rram

section F to anj other_poinzs 1n the cheek baein, 1t would
be poasible to write Bernoulli's equation to determlne the fi”

depth of flow at these pointa. with these depthe; the lese o |
of speciflc energy could be determined through the structure,‘:
It ls knOWﬁ, however that the 1oss of epecific energy 1n a




standing wave 15 abcut five percent* where@s the lOlS.Df L
specific enarsy in a hydraultc jump was*_een previausly to be b
}muah greatar. R f RN 4 ., e . ‘. ‘ “‘
w_ Since 1t is not passible to accurately determine the
2Lhanges in depth af flow through *he drOp structure, aasume
&standing wave flow in which al - 5,50 Teet anﬂ agfw 5 oo :eet.l
6 50 and EQ = Bugoi.rasneutlvely._ The loas,%‘-."
'fﬂAssumins a constant ‘Z'
‘ﬁ@ragtangular section,,it is evident that since the &acrease An ;f'
,;aepth from nl 10, dg 1 small tha reduction in velbcmty wl]l
3 be prautically nothing.;3‘.?fjggjg;p’ e o

Now aasume bhat au;flcisn, energy 15 EVailable to form 8

f«nyaraulic Jump at ﬁheck Der No. 4.; Tnen'len'al = 1. 50 Ieet

 1‘and with a dlscharss of l 264 second—feet Vl 26 21 Iaet i
:per seeond.‘ The canjugate depth therefore will e dg 7 60&
.’ffeet with a velocity v2 5»58 feet per aeeonﬁ (figure lDB) ﬁ
“ Now,.E1 12 30 and Eg ? 76 tha loaa, El - Eg 4 54
__(fisure 100) The 1oss ingenersy w111 be %EQ%S‘ 005 0m
;56 8. pereent as compared to about 6 percenﬁ n thb: ding -
iane flow asaumed.: Although 4] ere was practically no}hi{ﬁ::'“'

'reduction ln that rlow,‘the veloc;ty reduﬁtion tnrough theg‘

| assumad hydraullc jump ie about 80 persen

- The deréuliefJuhpﬁgéﬁgéré‘ §tand1g5 g at Qhea Eg_g
As prevloualy nentloned uhB hydraullc 1ump 18 ueed in
‘stilling poals of arop structures when auffiaien$ eneray is

'ifavailable for & Jump.to‘torm. fﬁhen this omcura, it naa been-f;, 




“1patea but the valacity of the rlow 13;1 188
;duced. For oest srr;cienc or the nydraulic Jump,ﬂj‘
“Ang pool should include dentated sille or.teeth.} - wi
 [&150 aid the fo*matlon of a uni orm Velocit} distrlbution

below the jump,_ If the canal eectlon 1aqr1prapped for a“'::

atructure, eVen though a hydraullc jump forﬁs, i
not properly confined or controlled.' Many problams of thia
Knature have alao been cor“ected by moﬂel studles.k_:jgff
| Unfcrtunataly, the deslgn of Check Drop ‘No. & ana ,
"similar drop atructﬁrée 1n the Sunnyaide Main Ganal provides
but- little energy dissipamion ln the flow., Thﬂ class*fi ation
 reveals that there 15 not aufflcient energy to form' 1
‘:u‘lie jump, inateaﬁ stanﬁing waves fcrmo_ Under this eondition,
there 13 11ttle Velcciuy “Lduction° hence, hhe canal downstream
;,must be sﬂbjeeta& to velocities which are excesalve for the
fine. maxerial volcanic ash or tuff?ﬁthrough which the canal
-_flows.? | e ‘

To dlgress far the mcmenﬁ it mayﬂseem paradoxlcal to

Btate th?t it ie necesaary_toﬂdiss&pate energy ot flow to p“e«5g e

'evidently a matter of the result or loaing specirio energy=;;1
The loss of energy 1n 8 bydraulic jump 13 considarable and 1t
is accompanled by a great Ghanse 1n deptn, and conaiderable '




Velonity “eduction.¢ The stand ng wave;*howaver, caﬁééé?%eiyﬁa”

:amount of eﬁargy and to'féduce the v

*-acou“ing, it is necesearv to cause tne rluw:tokpass-throughfi;‘
e hydrsulic jump. But to ﬂo this, there must be ,urficient{tfﬁl'
‘énergy to' make the depth upltream, dl;ﬂbe‘¢owsiderab1yflesqfigf
' than critical depth._ Gonsequently, if éténding waves occur 1n
 @he flow, more energﬁ must be added before a;hydraulic‘Jump
rvw111 form. 5~‘ S |
T‘ Now, és has Just bsen mentlonaﬁ the usa of a hydraulic
2‘jump w111 g;ve Bat*sfactory flow con&itionsiin and below a
I ‘:t1l1 ng pool but observations of the pratotype and model re-ﬁ
‘-"veal the standing anegfLOW az Gheek Drop No, 4 to bn répon-3ﬁyn
’slble for the unaatisfactoryzcohdltlons._ ;nateaﬁ of‘a uniforﬁ .H
flow distrlhution high velocity flow is.concnntrated neaa the
'_cenuer cf the canal '

energy dissipatlon and velocity reduction, ana to the sudﬁen

As a result of the nonunirorm veloclty distribution,alarge
| eddies form along the sides df the canal. Thuae eddie‘*havei 
:faufflcient velocity:ta cut into the ganal‘b“nkl and produé'ithe E
vf excessive seour WhiﬂhﬁéX1lv8 downstream from moat of bhe oheck
"‘ﬂrODS in the Sunnysiae main Gana1- (2) there was Very lqttle
:ﬁfimprOVement 1n the flow, evan thnugh the atanding waves at tne
'*”;arop were canfined within a rectangular~atilling pool and (3)

h 'errap belcw the drop strueture was waaheﬁ into the eanala




'l3 The model of Oheck Drop No. 4 was bulltito & scale of
fifi;uo 15 (figures 11 and 12).; The drop étructure was. con-'
;Structba'cf redwcod and the etael bracketa‘were made of S
9}ligbt-5age sheet metal The drqp structure was installed 1n
a large metal lined box which provided sufficient length of
.;5approach upstream from the drop and sufficient width anﬁ,]ﬁ""
;length downstream so that uhe scouring of the canal would not
rbexreatralned Gages were installed to measure“he aepth or
Tlow, which was controlled upstream by flaahboards st the dr0pit
‘_stmcture, &nd dawnatream*'by & ‘ball ga‘oa. Because ‘the model'
velocitles were considerably less than the protctype veloc-_f
"flties, it was necessary to use 1n the modal the finest sand“ LL
.available to reproduce the prototype scourf’hich oc ura 1n_;r ‘ 
volcanic tuff A sieve analysis of the model'sand ib "hnun -

,on'figurerls,p'

‘The Igitial 5cour mest | : . | e
The purpnse of the initial scour teat waa?to make care-r.‘

{fu¢ observationa of the flow and Bcour 1n the model for

‘eomparison with the prototype.? It was necessary to be

.certain'thgtwthg.modelﬁwouldwrgperupe uualita*ively thebﬂ

QprOtctype"éonditicnéfbéfarefé&ditidnal teets uould be made to

determine a recommen&ed design for sliminat_a‘

For the initial test the nodal waa run for 26 hours af
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ffphotographa. It waBJdetermined at a later date, upen'receipt

'Tgégalysi of Initial Model Ees ana_comg 1aon vO Pruhcuxgg

| 'design 11) Unsymmetrlcal flow ‘afetrimmon _throue;h the emn
.atructure, (é) standing wavesﬁan&-excess ve‘v . _
“+the- drop, (3) a&dies along the side'of tﬁe ,anal immeﬁietely '
‘ fDelow the drop,_and (4) sccur tc the canal.1 h' )
: The model 3ﬁdﬁed_‘hﬁt uhe poar_apprgach condltlcngto the‘i 
| drOp struetures was éue to the #ingiwalls:bé ng at righx g :
. ang1es te-the direction of flow‘F This caused a &rawﬁown or

dished effect_aa ﬁhe flew enue”ed the panela on each siﬂe of
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aTter 21 Hours-Dlecha
Upatrese Weter Surfase Tlevation B86.85
Dovwnsiresn Water Surfzoe Elevation S84.55
Four Plashboards Per Pensl ’

st R
B, Scour After 85 Howrs

Model Elevetlion 100.00 Bausls
Prototype Elsvation 877,56

Figure 15. Exlsting Strmicture




t'eustructure (rlgurea 15A and 26&) L;Aiter passing over the

“flahhboards the flow along the side Qall Llurged upward ana ; 
mbécame partially submergad by the reburn flow or the aida i
feddy mentioned below,: This disturbance caused an unbalanced
cendition in the region of the standing wave and further
2aggravated the poor flow distribution extending dcwnstream*if‘
f(figure 14A) Tha flowfthrough the otner panelsnwal aymmet»;(;\
,rical but 1t had 8 tendency to pile up on the‘upstream:faca
@of the steel brackets and ramain split as 1t plunged intéuthe
scheck basin.‘ Thls disturbance dld not prevail however
 after the flow had reaehed the region or the atanding wave._.
SR *ﬁ. standing wave, aa discuased on page 28 fwrmed ovar
. the check basin (figures 144 and 154), and edditional Waves,
accompanied by high velocity flow;“extended downetream about
.150 feet. The higher velocity flow was concantrated near
the center of the canal but on eadh aiﬁe af the canalyh  ;3“
ing at a point about 75 feet belowﬂthe drop, the direction
 0£ flow was upstreamaw This peculiar comblnatlon of(flow"
downstream at’ the center af the cﬁnél and upstream alcng ﬁhe
1-1/2 to 1 slde slqpes formed & large eddy along each aide
of the canal (flgure 14A) The upstream comnonent of these
eddies had sufflcient Veloclty to cut 1nto the canal banks
and produce etcessive scour.;, "“‘_ S |
The scour Ln the model appears to be more severe than in
.the pratotyoe, as shown on flgures 9 16 and 17 This was
_,anticlpated slnce the sand in the model was more saturated and
”Vlees;compasted thahrthe material inwthe field.x The scour to

'the riprapced canal bottom wae nct exoesslve for a ﬁist&nce
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A. Bcour After 21 Houwra-Dischargs 130D Sssoad-Feood
Upstrean Water Surfaecs Elevetlon 88€.2%
Pownetrear Weter Surfase Dlevation 88456
Four Flashbesrds ker Paacl

anas

R, Gooup After £6 Hours
Hodel Elsvation 100.00 Zaguslis
Prototype Elevation 8Y7.56

Figure 17, Existing Structure




‘ot 20 feet downstream from ths arop, but beyana tth pointif-””"
4}the canal bottom was heavily scoured,,@ﬂbservauions on the

';mcdel rBVBalad that the flow aa lt paased uver the flash-w

‘boards, was partially asraected upwards bywthe weir wall at‘

Lfthe lower end of the'cheek basin. Thia had & tendency'to
ireduce the amount, ‘of scour fust &ownstream rram the arop. |
fBut ‘a8 the flow passed downstream to the end of the ripaa:.w‘“

';ﬂrapped translt*on high veloaitiea prevailed along the

f}bottom of tha»canal.- Tnis causad a large hale to be scoured
‘into which riprap near thla region wesS deposltad (figure 15B)

‘This may explsin why\riprap am the prototype structure 13

E:contﬁnually washed 1ntorthe pool below the drop.
| It wili be noted that the suour pattern 1n the;model

;:(figura 14) 1is nearly symme rical about tnew;; f2‘ ine
the oanal, buh the Bcour am the prototype (figura‘Q) ia on o
i)tne left eide of. the canal. This differance?inuacour pattern: 

_:19 due princ;pally to ‘the fact that ther“ wae*nOrcurVamure 1n }‘

L the canal alinement in the model abOVQ»or beIOW'mheadrop

'ijstructure,.whereas the canal curVes to the 1eft upatream from

:i-the p?ototype drOp structure and to the right downatream;g_ l
iAnother factor contrloutlng to the prototjne  obur pamtern
thas haen the method of placing the flaahboarda. These havefffl

_~Wbaen placed unsymmetrically at tne stsal brackets to divert*} ;.

” {the flow from the ecoured{section of’the canal J"Tne model :
 ¥showea ﬂaﬁ&m&tely, however that scour wlll be exéeSSIVe below‘

-;the arOp regardless of the alinement in the canal the

Lfcompaetness of the material or the aymmebry Of the fl&ﬂhboards-ﬁff




gggel_ﬂggg_._g__m_g to __g Rgcammgnﬂg Dggig ,

e Befcre & aatisfactory solution toutﬁis problem oould bﬁ
iﬂobtained 1t was neoeaaary to 1nvestigate many &esisnw n
‘5model and uae the beat features of eaoh Eveny deslgn?iwffr
,investtgated was testad with Vardousmdihuharges, tallwaﬁér'
 ?dBpuhB, and flashboard arrangements. carerul studg was1mada."

‘of nhe*r perrormanea,‘especially ab maximum diachargef(liaﬂf

'.§,secona-reet) . Bince st that diseh&rge the mogt nnfaworab a;j;l~'

 foondit1ons exlsted.‘ﬁ‘

:Before«gtudies could be. made to eliminate the standing
.ﬁavesandeieessive velocities lt was nacessary to make the
v“flow symmetrical through the droP structure and below the
check baain.{.-

. "To 1mprove the flow through the drop atructure the sueel
ffbracketa weru streamlinad (flsure laJ) and curved training
 'walls were added to’ the wing walls 1n the approach (figure 183)

Althougn the streanlining of ‘the brackets 1mprovedrthe flow

{ ,cond1tions 1t was found later 1t*would not:be requiredr The E

H;}use of trainlng walls however 1mpro§ed &he flow conditlons"w“

"; to such an extent tbat they were adOptadjio succeedzng designa

’investigated. The training walls eliminated the drawdown ar
dished effect which ocaurred in the flow;at each aide panel

'1:(figure QGA) E

: To improve the flow below the check‘baeln, g rectangular

'*‘stilling pool was. formed by eatending the vertical siﬁe walls
X downstream (figure 183). This prevented the retunn flow of
'thhe slde eddies rrom submerging the main stream as 1t left the

L -oheck basin.
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of the downstream weir uall of the check basln,; As & reaultlyﬂx

“‘_;'_“"-rloer. ‘Th:l.a 't,endsney was slightly<» .1nerea,sed when alide's,atesf;_,
were' uéeﬂ at the atael brashetﬂ nstead of riaahbcards S
.(figure lBG) Wi-t.h slide gste.s :m place,-‘- the diref’ftion énd SEat
"""‘the veleeity of the jet were more nearly:.parallel t.o t.he

a.pron between 't.he piers, aince tbe ,flew he.d t.c pass unﬁeret.he"_f,‘}f*i"'.
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,:"‘“from the d:mp weretf slishtlzy 1essa; 1"°1' mﬂl" di“hm'ge;
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Bgviaiong to gggg“ Qg_g No c i R
 . The reGOmmended deslsn (rigures leand 20) requiras the
fremoval rram the existing structure or“QheEdbwnstream weir
‘Wall of the check basin and part or the vertical aide walls _
1(figume 21). UurVed training*walls are addedvin them pproadh
fand the vertical slde walla are lengthenad to rorﬁ a tlil-v;‘fa

_ banks and along the hottom,welther‘on
elevation 8?2 55.
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"feqdmmg;;-t}e«a designjustdiscu 'é’e”&. It. ‘wa,s"not pcsslble,

- [conditions involved

.-q}‘iplow ggg Recommended Deaigg e o 4

| By r.ﬁle‘.cing curved trainlng walls rin':'the approach and
‘adaptlng a derl"ct.or and st.illing pool a‘b t.he check basln
:_the recommendéd design ha.a eliminated t.he following mr;.vo
"able conditions t.hat exist. a‘c. t.he 'pz'ot.otype.v(l) Unsym-r-




! 3 “]

'Lat normal tailwater depths\without any eplashlng Occurring:Q¢  a,

?1”264 second—feet

lfstructure will pass l 490 seconﬁ-feet before the flow tops:the

‘fdeflector.v The water surface upatream would then be at

”‘ﬁhowever is created in the poolrby the act on of the flow

are flowing and the tailwater 1s maintainedfﬁjff



1mpinging on the”baffle piers' hence tha rlow—

could':e e

isection, The cost:or uslng'ﬂ

,,f_canal sectlon.;;,@foffﬁ

’jf\Scour Teat

However,‘beforé the canal was rebullt”in the model to 1ts

original unseoured section'for this test (figure 12)
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of the stilling pool of the recommended dﬂsign structure 13 to

 ;aproduce uniform  1ow*d‘stribut1on beIOW'the drOp, but 1t ia




ynecess&ry to avoid placlng the rlashboards unsymmatrically 1r

 des1gn. It is not unreaao a le to expect thia, slnce:mod01 {
"studies are now univeraally adOpted inlhydranlio]design tp

. :pred1Ct the performanee Of the prototype3structure.




xiGoncluaiona

help to improve not only
cluded in Group III bum

1n Group I and Group II,P,

from trapezoidal to rectangular in the*alrection of flow, |

Igplace curved trairing walla at the;entrance to the rectangular




J ymmetr1cal or: uniformly diatributed. Avola the'uSe or

=‘:‘_-:“.1eng*t.11 of reach between Buccesalve drop*structures ln a canali”v‘“f

“‘{ 30 thst enough head or energy'will be_:Vailab1e¥‘o permlt the" -

%Qformation of a hydraullc Jump ax the drop tructure’ ’f ‘
! 5. Durlng the design of any drop"tructure a:study

‘fﬁfshould be made off he‘energyalosa and velocitysre uctioniin,.ﬂk

~hydraulic design.. It 19 recommended that whenever possible, 1

'_mcdel studies should be made to solve hydraulic prdblems
g ‘whlch are not readily aolved by analytical consideration.w;ﬁ‘
 _}It is obvloule better to rely cn model behavior than‘to

;$;depend on untriéd facts.'_
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