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In March 1941, mbdel tests were proposed to determine the
adequacy of the combination invorted siphon ‘and wash overcnutezfvu
structures being dasigned Yor the Coachella Cunal in the All— ;‘T“'
American Cunal ~gystem of the Imperial Vulley, California._ Tne
tests from which'a satisfactory dosign was. ovolved woreﬂL'

started in April 1241 and were | completed the . following August,‘”“ ?'i:‘“

in the hydraulic laborator, of the. Buxeau of Roclumotlon,
Denver, Coloradc. : : O TS

The wash’ overcnutes discussed in this roport were deslgned
under the direction of H. R. McBirney, uenLor Engineer.: The o
laboratory investigation LEER conducted and tnia raport propured
by tne writer under the direction of J.E. %arnock, enginaer Ain:
cnarge of the. hydraulic laboratory.- Particular credit ls due to
H. ¢. Curtis, Senior Engineer, J. m' Ball I3 /K Terrel, and
J. 8. Bradley, assoclute englnoers, and J A. Lindsef, Junior o

Engineer, who contributed much to tha development of tne fxnal

designs. : : : BT
All laboratories of tne Eureau of heclamation in: Denver,f"

Colorado, are in the Meterials, Teatlnh and Control D1v1sion, o

under the supervision of urthur Ruottgerb ana ‘H.. F. Blanks,ffjx  fﬂ‘:
sentor enginoers. All aesign work is undex the supervlaion of

J. L. Savage, Chief Le51gning Englneex, nno oll norx of the ”

Bureau of Reclamatxon is. oirected by ‘S. O Hurper, Chief Engineer.'ﬁn
The asctivities of the - Bureuu of heclamution are diracted by John e

"C. Page, Comm1531oner. B
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CHAPTEH.Iif'INTPDDUCTIJN AHD. bUHMARY ot

;INTRODUCTION

General. Tne Coacnella Canal,-; purt of the Allanmerlcan Canal
System, zas its heudworka at Drop No. 1 on thn main canal about 17 B
miles west of Yum&, Arizona. hfter crossing Eﬁut uesn, the’ can&l passesj
northwest hetween the balton uea and the Cnocolate Hountulns to a- puint ‘3 '”
near -Indic, California, where it turns SOuthnest across tne Coachella ‘
Valley and then sauth to the Hivereide Imperial county line, a= snown .
on figure 1. ‘The canul will provide rater for irrigatlon on tha ant
Mesa and in the Coacnella Jalley | 1_ S ' |

Lue to rough terrain, the. canul w1ll intersect numerou» waahas o
wxhich empty 1nta the ualton Beu, nnd wrich tnough ordinalkly dry“ 2
flow heavily laden wi th oetritus durlng sevexe rains. The estimated
maximum run—off from the orainugu areas” zdjacent +o +he canal varies E:J
from a few gecond-feet for the smaﬁlest t6 zO ,500° second—feet for ths ?
largest. Since. only the Iloms from Verj sma]l areas can De handled byﬂ~f.

'drainage inlets into the cunnl it w1ﬂ necesyary. to provide same means‘“'
for conveying:: the floods from tne larger drainage areas ucrosa the-f

canal witiout demaging it. It is plﬁnned 10 use. overchutes for this .
purpose, ﬁnichyare to be df two types-‘ a comb1n¢tion inverted siphon

and cvercnute, and-a. flume bridglng tne canal.- Tha lAtter +vpe, used
principally fur small 1solated uashes, was not a part oi tnxs investi- i
gation, so the term “overcnute" in this report will apply only to the o
54 combination structures which will be located rhere 1aree wasnea
intersect the course of the canal, or where sevaral wasnes can - be com-

bined into one by training dikes and diverslon chamnels.




-

Qgigipel design of overchutee.- The original or basic ‘designs for -
the combination overchute structures were of three generol typea' (1)

‘a8 narrow structure concretu lined between heed walls designed to- aerve '
a. small wasnh or combination of: smell washes, the canal flow passing _
under  the crossing. througn B concrete trqpeuoidal eiphon (figure z),

(2) & wide structure unlined between head wallb designed to serve a ’
large wash or: combination of washee. the cenal” flow passing under the ‘!7i
'croasing tnrough a concrete rectantula’ siphon, the top of: wnicn wae 5
“pleced approximately one foot below ﬂqe elevation of the lowest point fﬁwfc"'
of the wash between tne head: walls: (figure 9);-and (3) a-nide’ structure
unlined and consisting oi training walls cf earth embankment protected

by riprap designed to serve large . washes or a’ combination of Washea,

the canal floWing tnrough a. concrete round berrel 3iphon buried approxi—

mately 6 feet beneeth the wash. crossing protected by edjacent rock fill

and sheet piling (Vigure 1. The structures oi (1) end (4) .are pro«

tected with rock- fill placed edjecent to the slope paving and Bipoon ", {fo 'R
'oarrel and by & 10 -foot row of sneet piling connecting the ende of tne
wing walls at the outlet- o : ”'. ,“ S : ﬁ ”lp

Economical considerations limited the overchute width to consider—_ '

ably less than the widtn of the naturul wash channel.. The: maximum dis—"'
charge and the. differenoe in- elevation of the cunal anid sipbon gredes

were the criteria used for determining the nidtb. For the: structures :

of (1) and (2), the width was mede .equal’ to a dist&nce obtained by B
‘divioing the maximum anticipated flood by an: asoumed discharge per

lineal foot of curb on the downstream edge of the siphon barrel (sec-v
tion A-A, iigure ?), plus a oietance necessarv to connect the horizontel .
_part of the siphon to the canel trdn51+1015.w “The . width of the structure g
in (3) was establiahed by ploviding buificient width between tne inter~ | |
sections of the slopes of tne eurtn embunxments protecting the sxphon

head walls with the nuturnl wash bed to pass an asaumed dischurge for “"

the particular wash in question, limiting the discherge per foot oetween._f

the intersections to a reason&ble amount 9 R
Heed for model tests. fWhen- +he regimen of &’ watercourse is dis—‘ S
turbed,by a constriction sucﬂ as e wesh overchutc, “the. strecm will ed— f
just itself to Tit the new conditiona. Tne acCQmpnnwing phenomena L
governing toe bshavior of the channel. downstxeem did not lend themselvec
to a reliable rational snalysis, so nydroulic modal ‘tests were instigatcd




to study these phenomene and to revise the overchuts designa to - correct _”
for any un-avoreble conditione et the structures reaultiag from chennel
.‘anuetment. o '._ B : RS S ‘
Scope of model teste. Tne desiEns for tne structures 1ncluded 1n

any one of the three ‘types of wash overchute croeeings,'es shonn on o
figures 2, 9, end 17, differed “in peneral, 1n the dlstance between = '

head walls and: tne variation in: elevations of the component parts neces—"

sary to meke each etructure fit ite particular wagh elope. For purpoeee‘,,fxw

of the model ‘tests, the types were subdivided: into groupe where the f"‘
structures in each group ned approximately the ‘same ‘wash slope and eiml—g'_l
lar dlfferences in elevation of the component parte., Since the lewe of |
eimilitude would: teke into account etructures of difierent width, 1t wes .
considered necessary to,oest only- a- representutlve structure from eech T
group. _ | e AN L
The first teats were: conducted on a l AL model arranged so tuere

was epproximately lAO feet of the prototype channel upstreem and 168

feet downstream from ‘the overchute structure. “This length, mhich wes X
. limited by avuilable labozatory spece, wag: not sufficient to permit a "f
thorough study of the channel ebove and. below the structure, but lt wee __; ’
sufficient to disclose:the . ieults of~ the orlginel designs end allowed :

expeditzon of tne laboretory testing.‘ Teste Fere lade with thig: model
on the original designs oi\the OverChucES with trapezoxdal rectunguler,

and round barrel siphons, located Ln washee haring slopes ranging Irom'
0.013 to 0. 058 and on. remediel meaeurte for the ueaknesses inherent to
the designs.’ : o S o .;_ LAy .f .
Then more laboratory epace oeceme uveileble, nnotner mooel wee bullt
to etudy the offect of - chenges in the regimen of tne wete'course end con- f'
sequant degradation ang: their bearing on ihe design. Tnis part of the

inveetikation was conducted on e model to e sc&le of 1; 36 having the equi—’»'L

valent of .936 feet of protot"ne chennel oownstreum from the structure
and 435 fest upetream.. Some of the: more inportent teets made on thej7f3
1:24 model were repeated on . the. 1 36 modal and in adaitxon, tests of
new designs were made, one of wnicn was 551°Cu6d for. the fiﬂal oeeign.;u

The final. design. evolved fzom tne 1136 model tests Wus witnout
_precedent, 8o a 1:15 SBGtional model ®as built to obtaln more rellable

date concerning local .Beour, arrangement of the beffles, their size and

shape, end the pressures on. them at various flows.



At the time these model 1nvestxgationa were dn progress some. -
of the overchutes as. originally daslgned had already been built in the
field according to figure 9, and others of the same tvpe were ctlll '
under construction. Slnce tests an tha l AA and l 36 modelb shawed
this original deaign tg be lnadeuuuta, it was neceqaary to develop o
another design- whereby the completed structures cauld ‘be revi:ed unc‘
made safe with a mlnimum expeuae. Accordingly additlonal studies
of ‘the 1324 scale model were made on tne orig1nal deaign, bu ambodying
i'aatures of the final design avolved from t.he 1 }6 :rodel. i

"_ &ﬂuLAPr

Inddequacy oi ariginul designs. Teetu on the overcnutes of the

original designs as shown on figures 2y 9, and 17, showed that the wash
iniets of tae atructuree COnatructed witn concrete wing walls wera L
satisfactory, whereas the in;ets constructed of earth embankment and
riprap were inadequate, and that the ou lets, construrted in accordance_-
with the original designs, were inadequate at the . design discharge aof i

35 Seconu-feet per lineal foot oi barrel curb 1n combination nith the  ’“'m =

stecp wash slopes and thu new conditlons caused by changing the reglmen L

of the watercoursa. In each test iailure of therock filland sheetxj‘r~

piling, and the. subsequent undermxnlng of the suructure, were causedff 'L

by degradation and - cnannelization, both oi which nare accelerated by”f:f»

§ :/,

the concentrated flow ut the structure. s -
As testing proceeded it became evident that the overcnute con-ail
stituted « Gefinite control wnich. diviced tbe wash channel 1nto two
separate parts, aotn of ‘wnich nere effected by the presence of thelLyr ‘
structure and by the: +raining dikas wqich diverted the flov upstreamf?r*?
and’ concentrated it at tne crossing.. As e result of tnese factors, ’
the .rate of change in- tne slope and - tbe charucteristics of both parts
of the channel uuring tne pariods of iiow were mucn difierant tnun
'.tnose wnich existed previoud to tae presence of Lne structure.i The
regimen upwash was. seen during the modal teats to.naauge by ret:ograding
to a steble: slope, for . u. given discharge, veginning at the top of theﬁf;

siphon barrel and extending upstream. Conuequently there was little
change in the elevation ofithe washbed immediately upstream from the R

3lphon barrel due to retrogresaion.  Therafore, it was reaaonable bo




ussume'that the inlet to ‘the everehute'whiEn'Ls upsireaﬁ from the siphon:
barrel was adequate;. prov;aed At owas properly uroportlaned and protected T
. against loeal .scour. S : S )

: {4 ' Dovnstrean from‘thu et ucturc, however, the Iegimen of- the wash

| changed by retrograding to (% stuele slope beélnning ut the lomer end of

. the wash and’ extending upsnream to the structure., As 8 rabult the

' chunge. of. elevation of ‘the ea,h ed immed;atelv downstream from tne struc~

. . .

ture was more tnen at .any otner po;nt between the olercnute and tne Lower
end of the Waqh in the model, Wthh in’ the field would actually be the_[i-d
._mouth of the wash ‘at the S&lton Set. Accordingly, even though the out—
o~ let of the Btructure was nroperlv proportioned and protectea aguinst
local scour, tne retrogression reneered the designs inuuequete by under—L”
cutting the rock—fill et the’ sheet piling Tae subsequent failure of the

sheet plling ellowed ‘the retrogreseion to work buca to the 51phon barrel

‘thereby causxng the entire . structure to fatl, - _

" After the phenomenon of retrogression had been cleerly understood ‘
from obsarvations of the model and from certein facts concerning it in '.:;"
literature, it was upparent th&t an: udequately designed outlet of dn et
overchute would be one thut either prevented local aebradation due 10

retrogression entirely, or one . thut aould not heve ite etability af—“

fected by such chunges in the °10pe of the downstream portion of the i
wash. The first alternative would obv1ously e economlcallv unfeasible,_
so the model tests were continued by 8 udying eolutions to the second.

Final deeigns.i Many teqts weze mdQB before an &dequdbe outlet dealgn
_could be obtained tnese belng discueaec An" chapter II f_ne evolved frou -
model tests, the final designs were slmilar to the: original deeigns with
the exception of the outlet for each type of overchuta. e _ _1

The narrow type of overchute a8 iizet shown on figure z, wus Te-. f:I 2
'designed as snown on figure 8. It cen be . seen that the origlnal outlet
coneistling of diverglng w1ng wallb protected with rock fill WdS re—j‘

: placed by a concrete. chute. on. a 2 1 slope to whlch concrete beffles or
i- dentates nave been atthCﬂed : L e o “'
. " The wider type . of overchute wus elmilarly revised “8 cnn 'be ‘noted
. by comparing Tigure 9, the . original design, with figure ga.. The round
- barrel aiphon deslgn ehown‘on figure 17 was ‘abandoned in“favo;_ofdtne_‘



" rectangular or box ‘sipuosn of figure: 24, becuuse the bcx—typa coustruction
was less expansive and better adaptad to the concrete chuts uﬂd baffle
arrungemant in the outlet of the croqslneeic;;” L S e .
Since retrogression anu the accompanying lowaring of the washbed .
at the outlet cannot be pravenued thc saiaty of the structure 15 aa—;;'ﬁ"
sured by the chute and baffle deslgn.. By tnls arrangemcnt tne gradual
increase in energy of the wutez, cauqed bv dagradntion incransing the '
total drop at the outlet is clssipated on the chute,‘tnue alloring the

water to pass. into the channel w1nnout causini undue: locul scour.ws_,g~ *{1[} g 
Initially, the depth to whicn the' Lhute must, thend belov. the top of the 5-

siphon box depends upon the wash slope, greater dapths being reauirad

for the less Btable or steeper wash slcpea If dua to successive major 5-' :

floods, the dagradation causes. the W&bh to be lowered such that the'cﬁfjfﬁ

stability of- the chute mill be 1mpalrcd by subsequent flcods,*the cnute ,;H

pay be extended to some greater deptn._ However, tnn maximum aesign flaod.ff‘

is of rare cccurrence and §83 probably nill oe many yeara before an ex—.'-7:
tension to the chute will be necaseury. S ' Lo : Hi "
For those structures of tne origlnal designs already completed ox
under construction in the field a revised design was evolvec by teating _5
the design of figure 9 but including an auuptutlon oi tne cnune an& ] ‘
baffle arrangement.. Rasults of tnis study produced & des&gn similar to

'figure Zdy, but with the outlet of dlfierent snapa us ancun on figure 30.; o ‘

That tnis revlsion would be- requlreu LS Snovn bv figure £7, whicn illus-cfw o

trates the'scour developed in the fielc at wash overchutes constructed

according to the orlginal design and vhere tne disckarge vas uﬂproxiuw-*

nately 25 pexcent of tne design capacity. ‘  ;




CHAP%ER Il - HODEL TESTS f,:f‘f e

LAEDHATOFY PhOCLDURE

. Model constructian dand test ne‘hod ﬁs shown on figures A ta b,

and otners, “the models uaed in the’ overcnute StUdiEb nere placed in-'

large metul-lined boxes._ At the upstream end, a general baffla was

-added to quiet the water entering the model from u oipe line, which was
connected to u venturl meter for measuring ‘the d;scharge furnished by a f”-'”"%
centrlfupal pump. he’ structurul parts of tde overcnuta were tne sipnon

and the vertical neadralls and wing walls wnicb ‘were SUbJOLHBG by slope
paving.  The wertLCuﬂ walls and sipnon were constructed of redwood while i_
the slope paving was nade af sund—cement mort BTy or as in” Lne case of .
the round barrel slghon,,tne siphon proper WaE cnnstructed at sneet met&I
and the eartn embankment consxsted of sanu covered uith gravel Bs rlprap.
The waeh 1tself consisted of & deep s_nd bed oi sufficient length und o
on the proper slope G0 permlt observat;on ai thn chaunel moveﬁent as B

required. When 8 Snctional model was needed it Wua instulled in'a glassw !

sided flume to perm¢t ObBeTVutlon of . tne fLO% db snown on. flgu“e 25. L
In general, eacn madel WS tested st several flows varving 23 per-

cents: of the deslgned dlschdrgeb expressed in terms of sacoqd-iaet per
foot of ;encth of sipnon curb.. The desipn dischurges of the overcnutee‘ -
were based on &n rver g6 - intanQLty of precipitauion over the broad area"':
through - which the canul is loczted.. Locul intensities in several amall"
areas, hovever, will var3 wiaely from tne average and siqce “the nurrow ;j

overchutes will serve smell drulaaga areas, it wns deemed advisaale to L
test suth models: at flows. double Lhe uesirn capacity._ The wasq slopes

were also varied in tae models to cOVar tﬁe range of slopes pravided

for in tne: qesign, this changing the . elevatlon between the component
parts of the overcnute. For any’ set of coqdltlon&,uobServations and

‘notes were “aue of tne scou1 and flow, wlth pnotographq being taken to
complete the rec;rd' rnu:m‘t',*t&t.ﬁ.w: nnasuremants con cerniqg the Btate of
. the wash wera- incluaed only, au a besis. fox c:mparing tne results of
the model tests. | R e et
: © At the -time the 1aboratory tabts weze began, 1t wab not &nticipat@d

that the unfqresean conditlons cauagd 1~y cnenges 11 the regimen of tae
watercourse and the unstable stute of the cnannel would be ‘the majcr




factors controlling the dasign. uonsequently, the deﬁigns were based

on the assumptions that the channel would be fairly stable and that

changes in the regimen of the watercoursa would cause only local acour

and undesirable flow condit;ons at the structure. Becausa of thess ;‘,1
assumptions, the first models were covstructed chlelly for studying flowﬁlt o
and scour at tne structure only. In these models,. tha tailbourd was: but ”gﬁ
"a snort distanca A{rom the outlet ol tue structure.w Thxs constituted a ,'
control which stabilized the cnﬁnnel but aid not 1ffect the lacal scour _tf
at the structure, so 1f. the prototype channal were stable, tnia‘t ‘
condition was Batisfied in the model.  Later on, thn 1ength of tne .

model channel was increased to- permit tne wasnbed to adjust itself asi 3
goverﬂed bj tne operating COnditlons.wg L S :

NARROY OVERCHUTES *- 1 : Ez:)m;va QIPADNS

! Iﬁitiéivtasts.  Tne teqts of the narraw overchutes wlth trapazoidal‘u:;_i’::
siphons as shorn on figure 2, were mude an ‘& l 44 Scale moael.; A rep- R
resen ative width of 34 feet wus e]ected and tested for severul wash
slopes 8t diacnarges up: to 200 percent of the desiened capacity, the 9
elevation between component parts of the structure being changed for 5
each slope. {he firqt test (test b30A2) was made to study tha adecuacy j:
of the original design of the narrow overchute, from wﬁicn it was found -
thut a tendency toward excessive scour developed in: a short time sufficient
to indicate- failure by undermining, es’ snown on figure 3u.. In thls test, o
the wash slope was 0. 031 and’ the drop from the top of tne uiphon to ‘the -
sheet piling was 1. 37 feat (prototype), g sketch of the gener&l arrange- "j,v‘
ment for this and other initial tests being smown on section A‘A figure
4. . i ‘ ‘. : . ;

Anotaer tast of the origlnal design “¢s ﬂnen made witn a waah‘slopa
of 0.047 Yut with no drop betneen the top of tne slphon and the aheet A
piling (test 83242). :The scour was agaln excessive botn upatream and
doxnstrean from the aneet piling “E 1ndicated by flgure BB. When this
test was repeated using a three foot blhnket of: rock flll between the
“wing walls of the outlet upatream from tbe sneet piling (test SBAAO)

" the scour aus redICed samewhat betneen tne ning walla, but tnere was

still deep erosion dovnstresm from the sheet piling. ;f_ 5 :
Two udditional tests (tests SBSAO and 55040) , using the rock-fill
blanket, but with s wasn slope of 0. 042 and a drop of 4 61 faet, and with




& wash slope of 0. OBA and a drop of 0. 99 feet (figuras 5 and 6), lndicatod
that the scour increused considerably as the drop. 1ncreased._ As a rasult
of these initial tests, it wns evident that the original danign of- the7
narrow . overchutas would be inadequate, slnce the scour . at the structure A
would evantually cause the sheet piling und the atructura itaelt to be..'
undermined and eventually destroyed regardloas of the total drop or
whether rock- £111 wus added to reduca the erosion. - : e
Double pgol. " To eliminato tna exoassiva Scour obﬁwined in. the 7%‘ :
initial tests, it was evident that tha velocity of the wate-;in ‘the out~
let of the overchute should ‘be reducpo and the Llow made to lpread lator-
ally between the wing walls. Previous expariments of: the’ Fortunu wuato-
®ay on thz Gila main canal 1nd*cuted that when 8 flow wus suddenly lntro—
duced into the waste cnannel contnining little or o water, the veloclty
of the waste water eould be reduced hy Placing B welr ncross ‘the channel
within the wing walls just downstraam from the waateway. Thia wnir formad .
a wide pool of water deeper tnan tne flow in tna chaunel immediately down— |
stream und thus provided a atilling pool in which’ tho higher velocity of

the water from the waataway was reduced mora naarlf to the normal velocityfft”

of the water in the waste channel. As u result the scour Ln tne vicinlty '
of the structure was nearly eliminated.‘; Ty A R . ’
Applying this principle to the. outlets of the narrow overcnntos,'f}, ‘
the unlined portion of the outlet witoin the wing wa*la was paved and two :
welrs were 5dded to form a double pool as shown on saction B~B, figure 4, o

Two pcols were considersd necessa:y becavee of the snort length available e

_for reducing the velocity in this tgpe ol dasign. For tbe firat taot ‘of

rd

this arrangement (test 535C0), the two. pools were eacn made lA ieet Long
with a weir 4 ieet hign aeparating the poLls, and a weir A 50 feat hlgh
at the end of the aecond pool; the wth alope wus set at 0 04£ aaa the
total drop from ‘the siphon 10 the downatraam woir was 4.11 feet.L The
upatream pool proved 4o be too Bhort, and tha £low awapt out for t.na :
nlgher discharges. ThlB was corrected: by increaaing the ;ength of the
first pool to .18 feat and by adding a 5111 10 inches high at the top of
the slope entering the stilling pools (teat SBSEO) ' Even with this ar-.
rangement there was Some Scour of_the rock-fill belowuthe downstreom_weir

for the:daaign diachargé, and conoiderably more for a flow of, 200 peroant




nf the deslgn dischargs, yat the ‘scour was much less than that observed_
duriug the initlal tests of the originnl design. , B
Since the double—pool arrungement in- tne outlat was’ promlslng, lt
Cwes studied next for the total drop raduced to 3 )O feet but at the ‘
same wash slope’ of 0. 042 - (tewt CS 40). For tdls cambinutlon, e general“
arrangement of waich is snown on ssctlon c-G, flguxe Loy the pools ware L
adequate for uischarges up to and 1ncluding AOO percent of the cesign
capacity, the secour being negligible. Further lmprovement in the Tlow g:5'
conditlona In the poola could be obtulned nowever, by reducing exces- T“‘
8ive ‘boiling and- high surface velocities cuuﬂea by the neirs. This. wasfk"
accomplished by placing z-foot openlngs on lO—ioot centera ln-tne upu o
gtream weir (teat CS&AO), as” shown on figuxe 143 the flow conditions =
and scour are shown on figures 7B nnd 70. _
Additicnal tests of thls same axrauhement were Mﬂde to aaoertain 4

ite adaquacy for other condltions besiues the slope uf the waah and the o
discharge. For -oxample, when ﬂle ta11Water was raised two feet, tnere |
was no movement-at all of tne rocx flll in" the modal and the scour o
rthe channel downstraam was. negligible (teat C82 AO);'when the gravel of

the rock-fill was decreased from 9/8 lncn to No.. A,‘tnere was some - movamij
ment of the gravel but nothing serious (tnst CSAAO) uhnn the stllling
pools themselves were filled thn no. 4 gr;vel for detarmlning if the flow

would remove any uebrls that might collect 1in tne pool the gravel: wus _;,f°

quickly scoured out by the Plrat Plood (tEQt LSACO); ‘but when two verti« l-l
cal training walls were pl&ced in tne outlet sa that the flow in the pools'

was confined to the width - uetween heacwulls (3’ fuet), the erosion to the R o

rock-f111 wus consider&bly increased. (test CS5AO) ORI
Although the uouole poel woraeo satiafactorllf for a width hatween

heedwalls af 34 Teet, it was daslrable to aoserve the: perfcrmance ci the’ . ;

double pool wnen used for nurrow overcnutes of even . less width, slnce the'g"'

transverse d*stance at ths end of tle apron enteriug tno ooola would be :
much emaller. A&s shown on section u-u, flgure Ly for test. 03490 the
double pool evolved from tests. witih an ovcrchute 34. faet nide batwaen
headwalls (section C—C, figure 4), was adapted to- an: overchute widta. of
25 feet. It was immediately seen that tbe.upstreum‘pool wus 1n4dequate
when built to the same proportions 4s the upétream=pbolffor\the over- -

chute 34 feet wide between heusdwslls. By 1ncraasing the slope of ‘the




paving entering the upstream pool - the length of this pool along. the .

bottom was increased from 3.76 faet to,8.90 feet (tast 534€0,- section

D-I, figure LJ This &rxangement worked satiafactorily for flows up

to and including the maximum deaign discburge..- B ECRRIRR R
Bucket ‘design. As a final test on - the narrou overcbuteb a . ‘

burkat—type stilling pool was studled 'in place of the aouble stilling |

poo;. The use of a buckst as u stllling pool in wnich a roller is

formed for dissipafing the. anelgy of the flon haa praved advantugeoua ;

wherever the use of a hydraulic Jump uould require 8 lon& apron becausa fj

of a deficlency in tullwater at’ hign diachalges ana an excess &t 1ow "
diacharges. Although a hydrhulic Jump cunnot be obtained nt the over--  ﬂ
chute, even in the. .double-pool &rrungamant which aapends on the ‘weirs®

to bulld up some tailwater in the pool itself ~the buckat-type pool Haa  ”'

considered as another method of obtaining energy disnipatlcn nith ad—
verse tullwater conditiona._ The. bucket atilling pool Btudied in this’  '-
case 1s sghown on aection E-E, figure 4, test CboAO._ Tnis design wus

unsatisfactorv, however, becauae oi the amall drap and a lack of tuil— ;

water, it was impossible for‘a roller to form ‘in tne bucket. Inbtend 7
the flow left the bucket a8 jet truveling at a’ relutively high vsloc-"f  '

ity which produced excessive scour. cf the rock—fill. To obtain more
drop and sufficient tailwataz by, use ai weirs wauld bave been unfeasibla
and would not have been any merovament over the double pool, BO furtnar
study of u bucket waus abanuoned '

Pinal design.. At this point of the 1nvest1gation, the double—
pool arrangament of saction c-C, flgure A, and ‘us. shown on figure 7‘ was

considered satisfactorj for overchutes qaving a width of approximately

34 feet between headwalls, for narrower cvercnutes in this group, having “~5

a width of approximately 25 feet between headWalla, the design of section
D-D, test S34CO on figure .4, was, conslderad adaquate.; “$=-~--

After more. extensive model tests nad been made . on: ‘the wider over—"i" *ﬂ

chutes with rectangular—barrel aiphona, 1t was ‘ound that regardleas of -
the adequacy of tneir outlet to prevent local Bcour,‘retroglession of the

downstream washbed. nould rencer several of the outlet. designs inadequate._ '

Le a result,»it wus evident that tna double—pool outlet would also be . -
rendered ineffective by retrogression. The tests leading to this con—‘”
clusion and the results obtuined to overcome the effects of ref rogras—
sion, are presented 1in the diacussion immediately following, from wnLch




1% will be shown thut the. final deaign of the narrow cverchutes with
trapezoidal siphone wus made aimilar to the. arrangement evolved for the
wide overchutes. No soparate tasts were required of this deaign for the ‘
narrow overchutes, since the width was’ the only f&ctor changed &nd thie”
wO.8 fcund to have no effect an’ the adcqunCJ ol the deslgn for the wide
overchutes. Accordingly, tne final design of the narrow overchutca with
trapezoidal Biphons nas bean evolved as. snown on flgure 8...

WIDE. OVERCHUTES --RECTANGULAR SIPHONS

Initiel tasts. Unlike the n&rrou overchuteﬂ the wlde overcnutea
sihown on figure’ 9 were dasigqed tc 5exve larga drainage areas where the

average run-off from the cutcrment aren w114 not exceed tne asaumed
designed cupaclty of 35 second feot per lineal ‘foot of sxpnon curb. Ii’L
was, therefore, unncceasary to test tnese structures ior flOWb axceeding ‘
the design capacity but this was done in Y few tcsts us a precaution.f-
The initisl tests of the originul desxgn for the wida ‘ovarchutes o
were alsc mude on & ltZ4 senle model’ following tne procedure used in '
teate of the narrow overchutes, n&mely, to deternlne the. adecuucy cf the
original desiyn and to try minor ravisions before attemptinb studias of
major changes to the structure 1tself. ~ A width of 1&0 feet (prctotjpe)
between head walls was used. . thaae testu, waleh %as the 1imit: that
could be conveniently. handled in tae mouel., Since tne dlscn&rge per
foot is tue same’ regardlass of the’ width “tne: rebults obtulned from tnis

widtn would be upplicuble to wider or narrowe" overchutes As before,‘

the dlscnarge was variad for tests coverlng,cifierent wabh slopas of fromc_,
0.013 to G 058, il S
As previously founc for tcsts on th- ncrrom ovexcthes with trape-

zoldal siphons, ‘the origlﬂal debign oi the wide ov fchute was 1nade-ﬁ-‘
quata. This was ‘true regardless of whether a gravel blanket was pluced
between the wing walls upstream from the shaet piling, or whether the ’
aheet”?iling was removed Jr lanpthened, cr whetner tne siphcn curb wus e o
in place or not} On eacn teet the rate of gCour . indicated that the B
strucﬁures‘wculd eventually futl and” that the flom in the outlet must be
apread laﬁeraliy and be reduced in velccitv._ Flgura lO snows tne sccur
de?eloped-by.the original-deaign, while figure 11 :indicates’ ‘that the use
of a gravel blanket 18 inadequate.. Sketches of tae general arrangement
for these initiel tests are glven on figure 1<, sections A-a, B-B, und
Cc-C, where the difference in each arrangenent wEE - tna extent of the gravel




* loglcal to epply this nasign to the wide overcqntes to syread tna flow in,‘

blanket. An enalysiﬁ of the p~rformanLe in any of these tests snowed

that at a discharge of 2% percent of the design capaclﬁy the rock—fill

immedlately below the siphon and sneel piling began to move downstream,

snd as the discherge lncreasad the flow in- the outlet plunged under

the shallow tailwater at the siphon and at the eneet piling causing déap

scour at both places. hs the flow contlnued the newly iormed channel

downstream ageruvnted the condltions wnicn alxaady existed,‘so tham when

the flow reached 100 percent of . the design capacity, it had" scoured a

deep pool at the siphon, nnd tna sneet glling wns beginning to fnil, as s

shown on iigures 100 and llB.., s : -_ o - e
Since each test indicated the same failure ovar &. wide range of washiff"

slopes and . corresponding drops,_two fscta seemed to be evident: {l) that

primary fallure in each case wae - caused by the same nntural phenomenon, ‘
which was not clearly understond at tnis point of the investigations, 5nd:]9nu
(2) since the faillure of the deaign was 80 slm;lar over a wide range of G
tests, then if tne effect of th;s phenomenan wezo nulliiied 8 denign '

adequate for one wash chunnel mould he auitable for all the wash channels';j_
involved. SRR i o
Double and single pools.* bince tne uouble—pool arrangament for tne ;‘55‘7
narrow avercnutes was §1LL considared adaquate up 0 tnis point, tne o

retro;resaion effact not belng fuily underetood Bt tnis tlme, it wes

the wing walls and Teduce- tne velocity of flow in tnat hraa Aaapting
this design to the wider. Btructuras W&u not particulf ly con“enient but
the acceptance of taia major ‘revision would ‘be dependent on. its ability
to prevent the serious erosion inv:lvea w1th tne original deaign.fn

The first doubla pool studien Ls suomn on section ‘D- D, flgure ld, n‘?
for tast_CbaoflAO.*‘nne drop in thls dealgn waa 8 o0 1eet, the - two poola ‘; “ i %
being separated by a L—foot weir mitﬁ e 2 5— foou weir at tna end of ths
second poolay This axrangemant was not corxectly proportxoned s;nce the ff'”
firet pool was too snort,<which causad lnsuffxcient enurry dissipation and ‘;
excessive erosion downstream from’ the second pool, as shown by figure lAB
hemoving the slopin; apron into the p001 and the walr at the end of the -
gecond pool, g8 shown by section E-E, fi{ure 13, was even less sntisfactory.

Improvement of the flow conditions’ and - some lessening of ihe scour WEE
obt&ined by adding to thin last arrangement a norizontnl apron 10 feet



long, &5 shown on Bection F-F, tlgure lJ In this dasign a form of .

hydraulic Jump was obtained, in spite of unfuvorable tailwater condi—-
tions. 'hen the upstream neir of this design wus removed (test GSAb—AnO,‘
figure 13), the performunca was still 1mprovec altnoﬁggwtnere»n éisome
scouring as snawn on figure lSC._ Tnus it wms foung thut a sinsle pool

waEH more SEtisfactorv for the wider overchutes.;_

RETnoc,mbam OF vASH, cx;.wm.

Effect on outlet.‘ It became quite evidant at the end of this seriesf'
of teqts that some additionul factor mus causing the scour at the out-

lets aven tnough a sultsble stilling pnol could be evolved. It was

noticed that the scour below each outlet 1ncreused if the tuilboqrd at tha L

end of the model wash. waS lover thsn the npron of” thc stilling poal 1n-',,;”
dicatiny that this acted. as = control which influanced tha slope OJ the .
washbed downsiresam from the- outlet, A mﬂre cureful analysis ox this fuct ' _
" disclosed that when scour 7ccurred it was due 'to thie unstabla slope of
the channel. From the formula deVelopec bv Laceyl, it wus poeuible to. }-5

compute ths aoprcximate value of &\ stable ulope in tbis mnteriul for tbe 3

These and all followin; ‘riotes in this repa*t reier tu numbelc listed
in the blbliography 1n tnexr order of Jppearance._‘ - .

maximum discharge and cnntinuous flow.. Bv comparing the computed slope
according to Lacey vith the slopes at tnﬁ wash crossinge ln the ileld it‘
wag geen that the computed value wos. much flatter and that the ;etlo—ﬁ» _
gression during perioas of flow aauld be the maJor igctor controlllng the s
design. In the model, ibe Ilow caused the channe; to retrogrqde to. & -
stablu slope for = Eiven dischurwe, the depth of SCOur below the! upron‘f
being aependenu on the elevation of the tai;baurd tne loWer £ha corLrol.
the greater the depth of scour. . . L e f."
Conaequently the udequacy of the outlet developed for o purtlcuLar
structure was. whollj oependent upon a8 downstreum contxal.‘ In Lhe iala
such a control’ uxgnt be 4 rock barrier or other natural imped;ment mhoae
chaructar and permanent alevation woulc De xnown. When sucn a. control
exists, the channel will retrogr_dp to 4 permanent elope as shown on
figure 164, and there will be no further retrogression during fature
fioods between the structure and tne cantrol 1: ‘“there is no fixed




phyr*cal nontrol betveen the structﬁre and the mouth oi the wush at-the .
Salton Sesa, the elevation 0*‘the bed downwudh will gradually lower due
to successive floodse, until the elevation of the bed of ‘the-wasn ap="
proeches the olevation at its mouth, as indicatad on figure 165 tne'_ 
new slope of the bad bainu asymptotic to.the original slope una depenua‘l“
.ant on the hydraulic properties of the stream 1tseli. Lf this 18 to, be w_
the conuitlon in ‘the protoﬁype channel and tnere is evexy reuson to be- .
lieve it wlll be, then ihe: stilllng pool designs evolvad in the prereding
tests with the provisa of. g stable channpl woulo not be adequate fo: tﬂiﬂ
new condition. Tha 1nleta, on the other han‘, woulﬁ be satlsfactory pro—“
vid-d they weré proper]y oroportioqed unn plotected Againat lwcai scqur,-
since retrogreabion upatream from the btructure mould ﬂtar ‘,t.the_con—‘f
trol produced by the siphon. A8 w result tne elevdtion of tb@:WASEji‘

channel immediately ups?reum would” ch,nge varv little.i

Since it would be entirely impractlrul 1o nrevcnt retzogxeasion, nhe S

model tasts were coqtinued to evelve an’ outlﬂt dl"n woulo pravent the -

PrOgress ‘of the retrogresslon from uf cting tna stability’or tle over—3ﬂ;

chutes. . oA : R : o _ «
VerificJtion tests.‘ To verLIy thls an&ly31s af the a¢ieht oi xetro—

gresaxon on the scour at’ txe outlets,:a l jo SCale mo EL “Lb uSuo in® wqich‘-

the wash was eytendad downstream from tne atructure on, equiva;ent of - ”36
feet in the prototype, and upstream an acuivulent oi 4}5 feet. In the:‘f
previous tests on, the 1t 24 scale modal the Jaxnut“eam diStaﬂCB wieB le

faet, while the upstiream. dlbtunce was lAD 1aet.3.- =

Tne first tast with® the longer wasn channel wus mude ‘on tnu arlninJl S

design of o wash cross*ng in which a rouna—barrel sighon WJ& buried be-~. ‘
neath the croasing, as shown an figure 17. Tnl raunduburrel debibu wus

selected for this test beCLuSE it had not been stuaiec previoualy, and

because it could be compared with d test on tna l 2A scale model, ia wqich ff

& rectangular siphon had been buriedbaneath the crossing (test CQOA ’ﬁ.
section (-G, figure 13) o ‘. -.”ﬂ e : J:: Cag Sy #
Figure 184 shows the mocel of & wasn crossing detailea on’ flgure l;,’
vith a distance hetween’ embannments of aporoxtmdtelj 120 ;eet and & wash
slopo of a. 028+ The training walls were earth embannments \sand in the .
model) protected by riprap, the round-barrel siphon being buried bpneath

the crossing. When the flow was lntraduced in the model, it cut o chanuel B




wnich gradually enlarged but never uporoached the normel width of the.
downwash chennel (figure 188). Since there was gtill & control at the E
end of ‘the model wash, although considerably farther downstreum thun
heretofore, retrogression wus srmulateo by lonering thls: control as the s
test’ progressed. it retrogression was’ not a fdctor, then thrs sllght :f‘
and graduel lowering of the control mould not iniluence the scour, how~' ;
ever, the BCcour WAS lncreesed considerably and continued to do 8045, the';
retrogreeaion developed (figure 9) ‘ ‘ ' j
It was evident that for eacn vertlcel posi*ion of the control,

retrogression eventually produced 8 stable wasn slopa nhlch began et the

.control and sloped upatream to the siphon burrel the nem weeb hed at the..'

siphon being well belor “the top of" the barrel.‘ For eacb successive lower-_‘:

ing of the control, retrogreBSLon contlnued to Jower the wush bed until ‘a
new condition of equilibrium occurred for the given diecharge -and- verti-
cal position of the control. In effect, this simuleted moving the con- -
trol farther and farther downetreum unLll finally 1t would have reacned x

position corresponding to the elevetion of tne waeh moutn ut the balton :7

Sea. : e S .
 Tnis test was the only one mede on tne round barrel siphon, it be—uc.'
ing an alternate design and one coneidered to De more expensive thnn the
rectangular siphon, 80" it was ngen no further considerution. In uddi«.
tion, wlng walls conatructed of earth embenkment protected by riprup were
considered inadequate as a result of the erosion shown on figure 198 3
To complete the study of retrogression, o Iodel wes 1nstelled witn B
rectangular siphon and an outlet arrenged es shown on- figure zo and by ,
~ sectlion A=A, figure 21 -for: teet CSAA»lAO. This arrangement, belng quite;"n
similar to tne outlet of teat CSA&—LAO on.tigures 13 and 15, made with
the short wash. chennel and tallboard control also permltted a compari—fiu
son of the effect of retrogreseion.i By comparing iigure 15 with figurei?i‘
20, it is evident ‘that degradetion due to retrogression hes greatly ln-d.
creased the ecour in the outlet. = . N '
" CHUTE AND BAFFLr m,sxcn | o \
Purgoae. Since 1t was now definl elj established tnat ell of tue o

previous outlet designs heretofore considered adequate would be eventu—'
ally rendered useless by degradation due ‘to retrogression, Lt was: neces—'

sary to conslder new,methode.of preventing this scour from affactin% the .

oA




stabllity of the overchutes. It was eviuant that the continual lowering -
of the downwash channel due o luLcessive major floods could not be pre-
ventad, 50 it was lagical to" conaider .BOme tvpe of. outlet whlch would o

minimize locul scour and which would nt the sume. txme, proviae protec— :
tion as the wash channel 10hered. Accordingly, testh were made on a

Bloping apron or chute "nich could be axtended downwaru as retrogresn

gion progressed. - Attuched to the cnute were numerous baffles or dentates :

witich would dissipats = ‘the energj of the water and reduce Lts velocity to 17 .

minimize local scour.- A8’ the wash' cnannel 1oneren and exaosed more of the *.3

chute, ths baffles would continue to - dlsslpate thc 1ncreused energy ‘

developed by the increcse in total drop. N J'y. "‘: ' .
Development of final ‘design. The firbt test of *he chuta und

balfle arrangement e ‘made using a sarrated sloping spron to iorm a%

series of chbcaues, as incicated bJ sectlon B- B, figurn 21,7 1In this‘ o
series of tests the sloping apron. was complete]y covered by'backfill-
(figure 224). As the flow continued however, the degradatlon wouldi:-
rapidly uncover the apron, 80 the duration of" tha flood was muda suffi—‘
cliently long to glve some indication of the length of ap“on required for

a particular wash slope.' It was iound in this first tast that thc cuscades;

were too small to provide effective energy diSSLpation, so the bl?pe of
the apron was changed from 1-1/z: t1.to 3 1 end’ larger notcnes or steps were
used ag shown by section C- C, Xigure 21, This cnange proved ta be quite
ndequate, but for the flat Elope of 3.;"tl"a chute would be exceqsively 
long for tle &l urops anticiphted. Returninp to une 1-1/2 1 slope,‘
t7pe of bucket vas pluced at the ‘bottom of” the cnute ‘s shown by secticn
D-D, flgure 21, hut this was unsa 1siactory because it would be impos— ;
sible to establisn & fixed elevntlon of the bucket due to a continual

lowering of the channel by re+ragression.l Tnls again demonstrated the
need o* & d631gn sufficlently flexlola to.be extenasd aa aegrudution ln—"
creased over & period of time. o .'- ..' CEPRNCE O ,;”

Finsl design. ~Another test was Lnen made using 62 1 sloping apron
or chute with oaffles spdcad as, shown by section E—E, ﬁlgure zl.. ‘This

arrangement orcved to be entirelv adequate as indicateu by ilpures <2 and
23, and was selected ua the final aesign. The continued lowerlng of the ;
wash chennel is evident, but the stability of the structure is not af-— -

fected (figure 23B). The resulting scour saown by this latter figure wus




developed ! ﬁ 5-1/2 hours in the model, corrasponding to 33‘hoﬁra in the‘
prototype, for the design capacity of 35 second- faet per foot of: siphon |
~ecurb. ‘Huch a seveTe continuous flood is not expnntad in the fleld ‘

it is apparent that the drop from the top of the siphon Lo’ thp end/of ‘:
chute, 24 feet in this ‘test, would be adaqura,tn for aevvral ysnrs, par—_.

ticularly. since the moael erosion was exaggeratsd because teats wure . mude
with' clear water,‘no bed. load oeing sddad.g This drop rould ‘be uiife*ent <
for varlous wash slopea and was computed by determlning tne rute of ‘bed- ,ff
load movement for edch wasn Blope in - manner similur to that waich is aX-
plained in the Iollowing cnapter.“ L "“’f‘ ”‘} 3 ", _
To iurtner study the size, shape, and spacing of the baffles, a. l 15
scale saectional modsl was ‘constructed. as snown on figure 25 in which tha
affectiveneas of ‘the befflaes is ev1uent. It was found tnat the fuctcrs
developed on the 1:36 model were substantidlly correct._ Pie:ometers were ‘
installed to determine the prebsures on- several baffles as an aid iu tnair
design.  The average pressure difference between the upstream and domn-‘ 
stream fuces was 7 faat 04‘Wdter per square xoot, prototype. ¢5 _Q' j_
“ieur U show& the protonype details oi the 1inal design fnr ‘the - .
wide overchutes: with rectangular barrel sipbons.; us mentioned in section  7'3
11, the narrow overcautes riﬂ] trapezoidal slpbons ware also finally de—'f
slgned using the chute ancd- baffle arrangement, as snown by figure B.V It

will be recalled from -the pzevious dlsaussion that tha uouble—poo‘ ar—. s

rangement, &5 =Hown on figare Ty was considarad udequate for tne narrow
overchutes until it wus xealiaed tn*t retrogresaion would eventually render"
this design usecless by 1oxer1ng the wash channel below the elevatlon of
the pools. o : ' ; F e

Comparison of desiyns.‘ Taat tne flnnl design in figura 24 was

superior to those in wnlch the original aesign was’altered bj minor re-'ﬁ
visions to the outlet was raadily seen {rom’ tesu CSA)—lAO section’ F~r,
figure 21.  Im: this test the origina; dasign o*‘flgure 7 waJ changed by
increasing the verticul leﬂgth of tha.sheat pillng from lJ to jO faet,,
the original 2- by 10-foot blan?et or riprap adjucent to the sheet piling
was made 3 feet thick and placed on & 3:1 slupe extendlng downstream to &
depth of 20 feet below the top of tne.pilinb, the wash’ slope bexng set ut
0.04. 1In terms of the Pprototype, tne:riprap had . maximum diamster of -
27 inches. o ¥ S o




Although the purpose of this test was originally an attempt to.
find a design more eccnomical than the finsl design;'iﬁ‘iee quickly
shown that this or eny eimilar designa would be a fnilure, as ‘may be
seen from {igure 26, The superiority of ‘the final deeign ‘may. be: fully
appreciated by camparing tae conditione at the. end of 5—1/2 hours:(figure
238}, with the conditions in ‘the reviaed originel design.at the end of '
only 15 minutes (figure 26C) R ~ : L

REVISIOVb TO CDHPLETED JVERCHUTES

Recommended reviSLOns. Since some overchutee of the original

design.as.giown in- figure 9 were alreudy conetructed or ‘under . ccnetruc-
tion at the time these model investigations were made, tudies were
necessary: to devise methods of alteration to prevent failure in & mauner '
-similer to that’ in figuxe lUC That thie mey well occur in the field can'
be seen by n comparieon of the scour An. ﬂ]B model (figure lOC) and the-"’
prototype {figure 47) ' R Tk i - Sl
To perform these teste, e 1: 24 acele mndel was agein conetructed ofzk
the original deeign, studieq being made to adapt tne chute and baffle *“”e
arrangement. It w11l be recalled that. the original deeign had divergingf"
wing walls. in the" out_et coneisting of verticel retaining walle und
concrate paving on a d:Ll: slcpe with rack—fill in the area between the
walls ‘and adgacent to the eipnon, ae ehown on figuxe 9, wnile the final f
design had parallei training walls ‘on each eide of the cancrete chute ae :
snown on figure 4. The chute and baffle errangement wae inetalled in o4

the unpaved area in the outiet with additionel bafflee cn the elope pev—ff"'l'

ing of the existing etructure as ' Bnown on figure 28, The first teet

showad this to be eatisfactory us snown on figures 2BB and ABC the light’ i ‘f

colored portion of the model’ repreeenting the additions to the exieting
structures.. dowever, it was deemed structurally impractical to place i;f‘
baffles on the old paving and when they were removea, tne flow along -
each side of the chute was not sufiiciently bafiled, 80 objection;ble ‘_fl
scour. developed in the channel. To alleviame ‘this acour: condition, loi

training walls were placed at the end of" the firet three rowe of baiflee‘;s

and additional baffles were added to the new lower portion. of the paved
training walle, as shown at the right of £ gure 29C The othe; side of :
. the model in figure 27C was: made ‘to con*orm ‘with the finul design in
figu"e 24, walch is recommended for use in future conetruction 'By-




?arranging the model in- this nanner 8 cnuparison of thm scour was road—.
Ay made between the two designs from which it waa found that the scour

" was losa for the finul deaign a8 arranged at the laft of figure 2% c. The
:1mprovement, howevar, was not sufficiant to~uarrnnt the additional coat

of changing the existing atructurea to confo: ’with‘thia delign, sa At
was rccommended that" the exiating overchutes e revisod according to
figure 30," wnich shawa ‘the - details of the‘arfﬁnganent 1n the?model at

‘the right of: figura 290.




CHsPTER IIT - RESULTS AND' CONCLUSIONS
ANALYSI.‘:\ OF ‘RESULTS. i

Narrow overchutes.f The scour occurring at tne outlets in the '
initinl. tests of the originel deeign of tne nerrow overchutee wes more .
severe ugdtream than downstream irom tne eheet piling.- Thls fact can
_ be attributed ‘to wo conditions' (l) the ratio between the length of
':the sheet—plling cress—weir end tne distance between eeed walls et the
eiphons, ‘and (d) the teilboerd in the model acting as a contzol =
flow, in passlng from the slphon to tne croes-weir,_spreed laterelly
over & lenglh approximetely three tlmea greater then tnat at the siphon. :

In the process of spreading, mucn of tne erosive power wae dleeipeted
in the area encleeed by ‘the ning walle end the croee-weir,_slnce the
flow spreed considerebly and moved at g 1ower velocity.' Ae e result, 'dd
the scour downstream from the sheet piling was usually coneiderably =
less than the scour: in the area upetream. ‘ '4 e e f .

The double pool wes developed to; prevent ecour 1n the eree upetream

from the sneet plling end to spreed the flow more uniformly acrues the
wash channel downetream from the. outlet.: The - double—pool arrangement of .
figure 7 appeared satisfactary becauSe of condltion (z), wnereby the
tallwater elevatlon at. the double pool was felrly atable Tor: 8 given
discharge; thut ls, the tailboard prevented the wash cnennel and the‘fﬂ
tailwater from lowering Accordlngly, when it was realized that tnis
tallboard acted as a control and. prevented retrogreelion of tne “wash .
channel, .the. double-pool desig was. discureed ‘and. the finel design waB:.
selected as shown on flgure 8 being meee slmilar to the design evolved

from the wide overehute-studiee wnicn toox the eflect of retxogreeeion 3

into account. ‘ NI KA : L , ‘
_ Fide overchutes Testa of the originul design of the wide over— f
chutes with. rectangular siphons showed thet there was considerdble ecour -
ischurge

both upstream and downstream from tae sheet piling beceuae the d
per foot at the eheet plling was . ot much less than that at the sxphon,
This emaller difference in the discharge per ‘foot. 00curxed at ‘the wlder
overchutes, since the transverse length of the sheet—pillng crossaweir

at the end of the flared wing wells was not considerablf greater than the =

widta between heed wells at the siphon, and beceuse the flow ald” non




spread uniformly across the outlet at the end of the wing wulls. “AB &

result, even though there: we.s considerabla anergy remalning. in the flow at

the sheet plling to cause excaasive erosion immediatel) downsuream.

~ The single stilling pool in which S Lorm of the hydraulic Jump
was developed, as shown on iigure 15, was' satlsfuctory in tne model only
when the tallboard was at or nbove ‘the elevation of the pool. dere ugain
the tailboard ucted as a control ano retardeo normul retrogression in '
the chinnel downetream, 80 that nqis design was &pparentlf adequute.y ﬁhen'
it was realized that retrogression would uffecb the adequacy of tois or a

similar deslgn, it was neceaaary to evolve a cnute and baf§ 1e arrangement ;f‘-

which would not permit failure of the ovarchute as retrogression proeresm
ged,; the final design for wide overchutes with rectangular siphons being
shown on figure 24. The dBSLgn with round barrsl siphons was abendo:ed ‘
‘&8 being inferior from pructlcal considerations, So WA not” revisad toe
conform with the cnute and baffle arr&ngament.. For- thosa structures
slready constructed in accordance with the original design, which waa o
found to be unsatisfactory a='shamn on. fi[ure 13 the. cnute and baffle
awxangement was adapted ‘to Tevise them as . Bhown on figure ,O.

retrogression. . When a compilatlon of the uest zesuxts was made after_?"

~.the single pool nuad been developed for tae wide overchutea it waa nppar~
~ent thut degradation due . to retrogression in the wasu channel downstream -
would eventually cause this and’ aimilar dasigns to- fall. hn unulyais of
this phenomenon explained the process of degradation and the manner in o
which it affects the design of the structures "_,‘ - ‘ '
“The washbeds 1ntercepted by tha Coachella Canal Cnntiin dunc sand
or other sandy material lying on slopes vanying zrom 0 013 100, 0716 ﬂ
slopes wnich are much steeper tdan thosa considared to be stable for -
tnis materisl when in. a siream- ohannel Durinf neavy rdins, large qu&ntid
ties of this material will be curried away and :the wasnbed will be acoured ‘
to-an elevation 1ower taan that which. existec previous to the storm. If

the ragimen oi the channel bed is. not controlled in any way, retrogres- L

3ion will begln at the elevation oi tne noutn of the nash at the- balton :
Sea and work towards the source, the - greatest change in. alevation of the
waahbed occurring aomewhere in the . upper reacnes-of tne. channel. When an
ovarchute is bailt in the wusn end when the run—off of other washea is
divarted by training dikes and dlversion channels through the relatively
narrow opening of the overchuta, .the natural regimen of the channel 13

disturbed. The structure acts as a control in the channel. The psrt




upstresam from the structure mill change 1ts regiman by retrogradlng from
the control towards the source. The elevution of' the downstreum ‘end of
this part of - the cnannel will 'be the "top of ‘the: control, ‘which in thls

~ case ls the siphon box; henca ‘the aegradation due to retrograssion 1u—
mediately upstream from ‘the structure will be Blight and will have very ‘
little, if any, effect on ita stahiliuy._ Downstream from the structure,-'
the regimen will change by retrogruding from a natural control towarda :
the overchute structure. A longitudinal profile or tne downstream chan~ =
nel would snow tne greatest changa in elavation of the wasnbed with

respect to a previous grade to occur immediately downstream from the

overchute ag shown on ngure loB, this haviug g airect bearine on theff T
stabllity of the overchute. . AL T . S ‘
The depth of this Scour” dLring Y flood is B matter of conjecture'

because the range of wa sh slopes ;or vﬁxch the structures were aeaigned
18 outslce: of tae limits of the empirlcal equations und tne exgeriments .
pertaining to bed-loud. Tae woxk of u&Cﬁy was basad on data: obtalned |
from rivers. and canals flowing in alluvium and with relutively flat '
slopes.‘ The experimants of Gilbert on: whicn the revisad Schoklitsch
Bed—Load Formu1a3 is basaa, were conductad with slopew of 0 02 or less,"

whereas the slopes of tha boachella %asnes vary from.O Olj to 0. 072.
'In order to obtuin an’ approximation of the: rata of scour 1n the fiald, i;:'
it was necessary, wita tne sld of: ‘this formula, to extrapolute the curve L
to find values for the quantity of bed-losd that- wauld be t.ro.nﬁported -
during e flood. Iin- additicn, 1t was impossible to estimute the bed—load
vhich will be transporteo acroas tne structure or- tha udditional 1oad
acquir-d downstream from the atructure. However, it 15 known that the :
rate of scour based on the assumption of clear water at the atructure e
would be greater than- ‘that which will actually occur in- tbe field.“This
{8 evident becausde the flow passing the structure is. currying bed-load ;
and the additional amount toat it will pick up after it leavas tbe struc-:
ture is less than that wqich can be picked up by 8 slmilar flor uhlch ls '
without bed-load - at ‘the overchute. Accordingly, A1 the dasign 15 based
on assumptions for clear woter, it will te: reaeanable to assume that it

will be mafe for a flood lasting as long as’ and probably longer than the Eos

computed time necessary for the chanqel to retrograce below the structure.




For the chute and baffle arrangewsnt, tne depth to whlch the chuta
should extend below the top of .the siphon depends upon the wash nlope,_

bacause the rate of . degradation,'all other factors being equal, is a
‘function of the wnah slope. For axample, assumu clear water flowing
through an overchute nituated tnree miles from the mouth of & wash cnunnel,: :
the channel width heing taken as the distance betwsan head walls of ‘the
" overchute. Assuming wush slopes of 0. 013, R 045, and 0. 058 then frou , 
‘the curve on figure 31 “the bed—laud being transported, computad from the =
revised Scnoklitsch formula, for each. alope would be 2), 64, and 230 '
_pounds per second per. ioot of channel width, respectively, for " givan
_gradation of bed mnterial at tae maximum design discharge of 39 second—
feat par foot of .curb. Then i Lhe longitudinal acour pattarn is asauned 
to be triangular over the three miles of cnanual tha reapective chanw‘
nels in the area Adjacent to the structure will retro&rade at tha rate uf o
approximately 0.104, O. 230, qnd 1. 046 feat per hour for euch hour or flow o .
at maximum uesign discharge.. If aLlowance is. made for six feet of 1ocal '
scour, then a chute una baftle arr ngement, the toe of which is thirty
feet belom the tap af tne siphon, would b0 sﬁl& for 31 hours of ‘con~

tinuous flow ut maximum d951pn capacitv in a- wasn naving a- slope of 0. 013,

~or 83 hours in a wash having a slooe of - 0. 045, or. d3 Hours dna waah havn. i

ing a slope of 0. 055, et If at any tima aiter saccessive floous it 13
found taat the scour iﬂ upproucnxne the bottom of tne oxiginal chute, it
may be extended o some’ greuter d«pth withaut impairing Lts efficiency,.‘,”
since the bnfxles wlll dissipate the increase in energy devaloped by the
increase in- drop It rlll probanly be many veurs before such an exten— .

sion to the chutes: will be necessa:y, ‘since’ ample 1engtn uas been pro—,*”-f
vided initially and necause the uasnea are 1nterm1ttent etreams wnicn b

will carry the muximum design discharge on only rare occasiona.:




CONGLUSIONS

" Summ ary. As. a result of the model investigations uf overchutas
applicable to -the wash crossings of the Coachelln Canal the iollowing',_
conclusions have been drawn: ' i L -

{z) The ovarchute inlets were sutisfactory as origlnally

designed according to figures 2 and 9. : : - o

(b) “The outleta of the overchutes as originally da-' f'i
signed wsre inudequate for. flowa of 35 second feet per
lineal foot of barrel curb in washee where retrosras-i'V:
sion i8 & predominating factor, as shown by figurea 3,7”

10, 19, 20, and 27. L TR R

(¢) Fallure of. the gheet piling ana the aubsaquant
undermining of the structures ag. originally designed was  f]77 o
the result of degradation due to" ratrogression of the" cnan-‘

~ nel domnstream, as shown by figures 33 und 16 the lntter
being & alight variation from the. original design.‘if 

(d) Eiprap. and rock-f1ll at the snaat piling and o :
upstream between the wing walls offer little protectlon _,f ,\i--
&gainst degradation (figurus 10 and 46) , ‘“ !

(e) Increasing the vertical 7ength of the shaet
piling and the slze and extent of tne rock—fill did not
prevent fallure of the atructures, as snown by fiourn 26..

(f) A stilling - pcol in the: outlet At the aiphon ia
adequate protaction when 1oca1 scour only 15 involved,_, --":
but not: when retrogression is present {figures 15 and; 20)

(g) A bucket—type atllling pool is’ not applicable
to- the overchutes because of the small drop available and
becauae the tailwater wao inadequate to form n roller.,ﬁ,f" i
Ratrogression would eventually drop tne cnannel below tha Cﬁ 1
I1lp of the bucket. ‘ e S o
' (W) The cascade arrangement a6 shown on figure zl,
section C-C, was- satisfuctory in the model; however, the

‘ ‘results obtalned with some. dams designed with this feature
showed thaet &t small dischargea ‘the depth of secour was
reduced but at greater discharges .8ilt carried over the
atructure deposited on the cascades tranaforming the




jagged surfuce’ into g:t comparntively smooth one, which
‘Aconduota the . flow at a. steey nngle onto the unprotectad
“bed.

() e ohute and bafflo arrangement of tne finul o
-design was - shoun 10 be- satisfuctory Ior the waah crose-ulff'“
3iuga of the Coachella Canal. Althougn this design, asﬁl: o
shown by - flgures B and 24 to.zﬁ did not prevent retro-‘ilofar_ "
gression, ‘1t did. furnish protoction to ‘the . struoturea.hf‘f"”m

‘AB oepradation continues tne Phuta can be oxtandad.‘




‘BIBLIOGBAPHY R

1. Cerald Lacey, Stable Channels in Alluvium, The Institution
of Civil Englineer, Greut Ceglgn St. Waatmlnster 3.W. l
London, page 282, " : ‘ -

e
2. ‘G. K. Cilbert, The Transportation of Dabria by Bunning B

o Water, U. 5.:Ceological Survey Professional Paper - =~

e ' No. 86, l?lA, Covernmant Printing Ofiice, “ash;ugton,-.l e

Do C,o o

3. Sumuel Shulits, The bchoklitsch Bed-boad -l‘ormula, Engineer-
_ing, June Zl 1935, ‘ age 61.4. : : P DN ERR

4e F. T. Mavis, Te—Yun, and Edward uoucek The Tranaportation
of Detritus by Flowing Viater - LI Univeraity of Iowa

. Studies, New Series No. 341, Sept. 1, -937 Univerﬂ*c'rf

sity of Iow&, Ionu City, Iowu- y,."_ : R

F. T. Mavis, Chitty do, and Yun—Cheng Tu) Thu Traneparta-

tion of Detriiuz by Flowing Vater - ‘I, University U
of Iowa Studies, New beries No. &)4, Harch l 1935, T - .
University of Iowa, Iowa: City, Iowa. R BRI RN L B

Horrougn, P. O'Brien and Bruce D. Rindlaub Tne Truns—‘." ”‘”5”
portation of bed-load- by - streams, Transactiona of
the American Ceopnyaical Union, 1?34, page 59#

C. 4. HacDoupal Bed Sediment Transportation in Open
Channels, Transactlons’ American Geopnysioal UQLon,
13 ‘\3, page 491 . : - : :



ROE .

R:vsnsuoz e

IMPERIAL G0 '

*_gfms E

£

[ RITE

Joﬂueﬁ}‘cé 34 &”&‘m& ,.5

s LT L i S o U

).'-

: '.../ﬁ, 19

BERARTMENT OF THE INTERIOR
_BUREAU OF RECLAMATION .
BOULDER "CANYON - PRGUECT

ALL-AMERICAN CANAL SYSTEM -Ca LlF‘

GENERAL MAP

y JANUAPV 27 :93:

L mvsns:an
; \DAHW :




4--JOUDD) DHBY200T H

¥

<-4'Barm

4'Berm -

wgef] e
~a
‘.h

46492 x84

25-

e s

PLAN
Nore! Oppos:te sidaes symmefncal
; : " awout E of wash. -
‘SEGTION C-C
: T 3 Goacneua Conat-n._‘

'...--.'.'-_.'--..-..'-..... 75- 5... Carme

R TR 7 STSNRPRPLY.F RO

omemerlgvels -

H
-
i
|
t
[l
z

- -Level--

- 10" Steel sheet-piling--*

)

Au-.memcm GANAL SYSTEM - CALIF.
GMHELLA GANM —




A. SOOUR AFTER Z0-MIKUTE FLOYW AT DESIGHED CAPACTTY - VASH SLOPE 0.C31

e H At 2
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C. SCOUR AFTER Z0 MINUTES.

1

SCOUR IN ORIGINAL DESIGN WITH SLOPE OF 0.034 AND DESIGNED FIOW.




B. SCOUR AFTER 10 MINUTES.

SCOUR IN ORIGINAL DESIGN WITH SIOPE OF 0.034 AND TWICE DESIGNED FLOW.




C. SCOUR AFTER £-HOUR FLOW AT 200% DESIGN CAPACITY.

DOUELE POOL LESIGN - NARROYW OVERCEUTES.
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