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F O R E W 3 R D  

In March 1941, mSdel tests were proposed to determine the 

adequacy of tt~e combtnatlon inverted siphon and wash overcnute 

structures being, desitned for the Coachella Canal in the All" 

American Canal system of the Imperial Valley, California. The 

tests from which a satisfactory design was evolved, were 

started in April 1941 anm were completed th~ following August, 

in the hydraulic laboratory of the Bureau of Reclamation, 

Denver, Colorado. 

~he wash overcnutes discussed in this report were designed 

uuder the direction of H. R. McBirney, Senior Engineer. The 

laboratory investigation was conducted and this report prepared 

by the writer under the direction of J. E. Warlock, engineer in 

c~ar~e of the hydraulic laboratory. Particular credit is due to 

H. C. Curtis, Senior Engineer; J. W. Ball, P. W. Terrel, and 

J. N. Bradley, associate engineers; and J. A. Lindsey, Junior 

Engineer, who contributed much to thedevelopment of the final 

designs. 

All laboratories of the Bureau of heclamation in Denver, 

Colorado, are in the Materials, Testin~ and Control Divislon, 

under the supervision of ~rt~ur Euettgers and H. F. Blanks, 

All aesign wor is under the super~islon of senior engineers. ' k 

J. L. Savage, Chief Desi6nin£ Engineer, ant all work of the 

Bureau of Reclamation is directed by S. O, Harper, Chief Engineer. 

The activities of the Bureau of keclamatlon are directed by John 

C. Page, Commissioner. 
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CHAPTEP, I - INTRODUCTI3N ~/~D SUGARY 
I 

INTRODUCTION 

General. The Coacnelia Canal, a part of the All-American Canal 

System, has its headwork~ at Drop No. 1 on the main canal about 17 

miles west of Yuma, Arizona. After crossing East 1~esa, the canal passes 

"northwest between the Salton Sea and the Cnocolate Mountains to a point 

near Indio, California, where it turns sout/~west across the Coachella 

Valley and then south to the Riverslde-Imperial county llne, as shown 

on figure 1. The canal will provide water for irrigation on the East 

Mesa and in the Coachella Valley. 

Due tc rough terrain, t.~e canal will intersect numerous washes 

which empty into the Salton Sea, and which, though ordinarily dry, 

flow heavily laden with detritus during severe rains. The estimated 

maximum run-off from t~e drainaEe ~Lreas adjacent to the canal varies 

from a few second-feet for the smallest to IO,500 second-feet for the 

largest. Since only the flows from very small areas can be handled by 

drainage inlets into t2,e canal, it was necessary to provide some means 

for conveying the floods from the larger drainage areas across the • 

canal without damaging it. It is plarmed to use overchutes for this 

purpose, which are to be ST t,o types: a combination inverted siphon 

and overcnute, and a flume bridging the canal. The latter type, used 

principally for small isolated washes, was not a part of tnis investi- 

gatlon, so the term "overchute" in this report will apply only to the 

52 combination structures which will be located wnere large washes 

intersect the course of the canal, or where several wasnes cmn be com- 

bined into one by t'rainin£ dikes and diversion charmels. 
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$riFinal design of overchutes. The original or basic designs for 

the combination overchute structures were of three general types: (i) 

a narrow structure concret~J lined between head walls designed to serve 

a small wash or combination of small washes, the canal flow passing 

under the crossing throu~n a concrete trapezoidal siphon (figure 2), 

(2) a wide structure unlined between head walls designed to serve a 

large wash or combination of washes, th'e canal flow passing under the 

crossing through a concrete rectangular siphon, the~top of which was 

placed approximately one foot below the elevation of the lowest point 

of the wash between the head walls (~ffgure 9); and (3)a wide structure 

unlined and consisting of trainin~ walls of earth embankment protected 

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

the canal flo~in£ t~rou£h a concrete round barrel siphon buried approxi- 

mately 6 feet beneath the wash crossing protected by adjacent reck'fill 

and sheet pilin~ (figure !7). The structures of II)and (2)are pro- 

tected with rock-fill placed adjacent to the slope pavlng and siphon 

barrel, and by a lO-foot row of sheet pilin~ connecting the ends of the 

wing walls at the. outlet. 

Economical consideratlons limited the overchute width to consider- 

ably less than the width of the natural wash channel. The maximum dis- 

charge and the difference in elevation of the canal and siphon grades 

were the criteria used for determinin~ the width. For the structures 

of (1) and (2), the ~idth was made equal toga distance obtained by 

dividing the maximum anticipated fl0od by an~ assumed discharge per 

lineal foot of curb on the downstream edge of the siphon barrel (sec- 

tio[~ A-A, figure 9), plus a distance necessary to connect the horizontal 

part of the siphon to the canal transitions. The width of the structure 

in (3) was established by provldin~, sui'ficient width~between the inter- 

sections of the slopes of the earth embankments protecting the siphon 

head walls with the natural wash bed, to pass an assumed dischar~.e for 

the particular wash in question, limitin£ the discharge per foot between 

the intersections to a reasonable amount. 

Need for model tests. ~hen ~the regimen of a watercourse is dis- 

turbed by a constriction such as a wash overchute, the stream will ad- 

Just itself to fit the new conditions. The accompanyin~ phenomena 

governing the behavior of the channel downstream did not lend themselves 

to a reliable rational analysis, so hydraulic model tests were instigated 

2 
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to study ~hese phenomena and to revise the overchute designs to correct 

for ar~ unfavorable conditions at ~the structures resultLug from channel 

adjustment. 

Scope o£ model testls. The designs for the structures included in 

any one of the tares types of wash overchute ~ crossings, as shown on 

figures 2, 9, and 17, differed, In general, in the distance between 

head walls and the variation in elevations of the component parts neces- 

sary to make each structure fit its particular wash slope. For purposes 

of t~he model tests, the Vjpes were subdivided ~ into groups where the 

structures in each group had approximately the same wash slope and simi- 

lar differences in elevation of the component parts. Since the laws of 

similitude would take into account structures o~_ I different width, it was 

considered necessary to test only a representative structure from each 

group. 

Ti~e first tests were conducted on a 1:24 model arranged so there 

was approximately l~O feet of the prototype channel upstream a:~ 168 

feet downstream from the overchute structure. This length, which was 

limited by available laboratory spacej was not sufficient to permit a 

thorough study of the c~annel above and below %/~e structure, but it ~as • 

sufficient to disclose the faults o~ the original designs and allowed 

exgedition of the laboratory testing. Tests were made with this model 

on the original designs of~ the overc~iutes with trapezoidal, rectangular, 

and round barrel slphons, located in wsshes having slopes ranging ~from 

0.013 to 0.058, and on remedial measur~ for the weaknesses inherent to 

the Cesi~ns. 

~len more laboratory space became available, another model was built 

to study the effect of chan~es in the regimen of the watercourse andCon- 

sequent degradation, and their bearing on ~he design, This part of the 

investigation was conducted on a model to a scale of 1:36 having the equi- 

valent of .936 feet of proto*j,~ channel downstream from the structure 

and 435 feet upstream. Some of the more important tests made on the 

1:24 model were repeated on the 1:36 model, and in addition, tests of 

new designs were made, one of ~lich was selected for the final design. 

The final desig.n evolved from the 1:36 model tests was without 

precedent, so a 1:15 sectional model was built to obtain more reliable 

data concerning local scour, arrangement of the baffles, their size and 

shape, ~nd the pressures on them at various flows. 
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At the time these model Investigatlonswere in progress some 

of the overchutes as originally designed had already been built inthe 

field according to figure 9, 'and others of the same type were still 

under construction. Since tests on the 1:24 and 1:36 models showed 

this original design to be inadequate, it was necessary .to develop 

another design~whsreby the completed ~structures could be revised and 

made safe with a ~Ini~m expense. Accordln£iy, additional studies 

of toe 1|24 scale model 'were made on the original design, but~embodyir~ 

features of the final design evolved from the I: 36 model. 

SUM~L~P.Y 

Inadequacy of origh1~l designs. Tests on the overchutes of the 

original designs as shown on figures 2, 9, and 17, showed that the wash 

inlets of the structures constructed with concrete win~ walls were 

satisfactor~ ~, whereas toe inlets constructed of earth embankment and 

riprap were inadequate, and that the outlets, constructed in accordance 

with the original desl£ns, were inadequate at the.design discharge of 

35 secom~-feet per lineal foot of barrel curb in combination with the 

steep wash slopes and the new conditions caused by chan~in~ ~the regimen 

of the watercourse. In each test, failure of therock-filland sheet 

piling, and the subsequent undermining f ~ o the s~ructure~ were caused 

by degrzdation and channelization, both of' which were accelerated :by 

the concentrated flo~ at the structure. 

As testing proceeded, it became evident that the overcnute con- 

stitated a definite control w.hich divided the wash channel into two 

separate parts, both of which %-ere effected by the presence of the 

structure and by the +.~aiain~ dlkes'wnich diverted the flo~. upstream 
z 

and concentrated it ~t the crossing. As a result~of taese factors, , 

the rate of chan6e in the slope and the characteristics of both parts 

of t/~e channel durin~ the periods of flow were ~uch different than 

those which existed previous to the presence of the st~Acture. The 

re£1men upwash was seen durlnA the model tests to caan£e by retro&.,radln~ 

to a stable :slope, ~.'or a given discharge, be~innlng at ~he top of' the 

siphon barrel and extendln~ upstream. Consequently there was little 

chan~e in the elevation ~f~tne ~'as~hbed i~mediately upstream from the 

siphon barrel due to retro£r~slon. Therefore, it was reasonable to 
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assume that the inlet to the overchute which ks upstream l'rom the siphon 

b~rrel was adequate, provided it was properly proporti3ned and protected 

against local scour. 

Downstream from the structure, however, the re~imen oi' the ~ash 

changed by retrogradin£ to a stable slope becinuin~ at the lower end of 

the wash and extending upstream to the structure. As a result, the 

chan~e of elevation of the wushbed immediately downstream from the struc- 

ture was more than at any other point between the overcnute and the lower 

end of the wash ~n the model, which fin the field would actually be the 

mouth of the washl at the Salton Sea. According.ly, even thouEb the out- 

let of the structure was properly proportioned ~nd protected a£ainst 

local scour, the retrogression rendered the designs inadequate by under- 

cutting the rock-fill at the sheet p£lin~. The subsequent failure of the 

sheet pilin£ allowed the retrogression to work back to the siphon barrel, 

thereby causin~ the entire structure to fail. 

After the phenomenon of retro£ression had been • clearly understood 

from observations of the model and from certain facts coucerning i~ in 

literature, it was ~tppareut that s~ adequately designed outlet of an 

overchute would be one that either prevented local degradation due to 

retro£ression entirely, or ~on~ that would not have its stab~lity ~f- 

fected by such changes in the slope of the downstream portion of the 

wash. The first alternative would obviouslybe economically unfeasible, 

so the model tests were continued by studying solutions to the second. 

Final designs. Many tests ~ere made before an adequate outlet design 

could be obtained, these being discussed in chapter II, as evolved from 

model tests, ~e final designs were similar to the origlnal designs with 

the exception of the outlet for each type of overchute. 

The narrow type of over~-hute as I'irst shown on figure 2, was re- 

designed as shown on fi£ure.8. It can be seen that the original outlet 

conslstln£ of divergin~ wing walls protected with rock-fill was re- 

placed by a concrete chute on a 2:1 slope to which concrete baffles or 

dentates have been attac.~,ed. 

The wider type of overcbute was similarly revised as can be noted 

by comparing fiEure 9, the orig.inal desi£n, with fi£ure ~. The round 

barrel siphon design shown on figure 17 was abandoned in favor of O~e 

i~• ~ ~ ~ ~ • • • • • .... • i•, ~ •~• i • • • • • • • •• • /~ii~ ~ ~ ~i 



rectangular or box slp~on of i'l~ure 24, because the box-tygs,construction 

was less expensive and better adapted to the concrete chute and baffle 

arran£ement in the outlet of the crossing. 

Since retrogression and the accompanyin£ lo~erlng of the washbed 

at the outlet cannot be prevented, the safety of the structure is as- 

sured by the chute ano baffle desi£n. 3y this arran£ement, the .gradual 

increase in energy of the water, caused by degradation increasing the 

total drop at the outlet, is dissipated on the chute, thus allowinE the 

water to pass into the channel without causing, undue local scour. 
• <J 

Initially, the dep~ to which the c~ute must extend below the top of the 

siphon box depends upon ~e wash slope, ~reater depths bsinE required 

for the less stable or steeper wash slopes. If, due to successive major 

floods, the degradation causes the wash to be lowered such that the 

stability of the chute will be impaired by subsequent floods,~ the chute 

may be extended to some greater depth. However~ t~h~ maximum desi~m flood 

is of rare occurrence ~nd i~; probably will be many yearsbefore an ex- 

tension to the chute will be necessaNy. 

For those structures of the original designs already completed, or 

under construction in the field, a revised design was evolved by testin~ 
• S? 

the deslgn-of figure 9, but includin~ an adaptatlon of the cnu~e~amJ- 

baffle arranEement. Results of this study produced a desi~'.n similar ~o 

figure 2~, but with the outlet of different shape as sno~'n on figure 30. 

That this revision would be required is shown by fi£ure 27, which illus- 

d trates t~e scour developed in ithe flel at wash :overchutes constructed 

according to the original design and where the dlschar~e was approxl- 

mately 25 percent of the design capacity. 

@ 
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CHAPTER II -.MODEL TESTS "~ -='~:~ 

LABDRATOEY PR3CEDURE 

Model construction %nd test me~1od. As snown on fig~res A to 6, 

and others, the models used in ~he overcnute studies ~'ere placed in 

large metal-lined boxes. At %/~e upstream end, a general baffle was 

added to quiet the water enterln~ the model from a pipe llne, which ~as 

connected to a venturi meter for measuring the discharge furnished by a 

centrifugal pump. Yne structurt~l ~arts of ~le overchute were the slpnon 

and the vertical he~dwalls and win~ walls ~ich were subjoined by slope 

pavin~. The vertical walls and siphon were constructed of redwood, while 

the slope paving was made of sand-cement mortar, or as in ~ne case of 

the round barrel siphon, ~qe siphon proper w~s c,~nstructed of sheet metal 

and the earth embankment consisted of sand covered with gravel as riprap. 

The wash itself consisted of a deep sand bed of sufflcient length and 

on the proper slope to permit observation Df the channel movement xs 

required. When a sectional model was needed, it was inst--fled in a glass- 

sided fl~me to permit observation of the fio~ ~ as shown on fights 25. 

In ~eneral, eaca model was tested a~ several flows varying as per- 

cents of the designed discharges expressed in term~ of second-feet per 

foot of length of siphon curb. The design discharges of the overchutes 

were based on an average intensity of precipitation over the broad area 

through ~ich the canal is located. Local intensities in several small 

areas, however, will varj wiUely from the average and, slnce the narrow 

overchutes will serv~ small drainage areas, it was deemed advisable to 

test such models at flows double the design capacity. ~he wash slope~ 

were also varied in t~e models to cover the range of slopes provided 

for in tne design, this changing the elevation between the component 

parts of the overc~ute. For any set of conditions, observations and 

notes ~ere made of tne scoul and ,flow, with photographs being taken to 

complete the record; quantitative measurements concerning the state of 

tne was~ were included only as a b~sls for comparing ~ue results of 

the model tests. 

At the time the laborato~ tests ~ere begun, it wa~ not anticipated 

that the unforeseen conditions caused by c~an~es in the regimen of the 

watercourse and ~he unstable state of the channel would be the major 
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factors controlling the deslgn. Consequently, the designs were based 
I 

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

changes in the regimen of the watercourse would cause only local scour " 

and undesirable flow conditions at the str.~cture. Because of these 

assumptions, the first models were constructed chiefly for studying flow 

and scour at the structure only. In these models, the tailboard was but 

a snort distance from the outlet of t~le structure. Tais constituted a 

control which stabilized the cha~nel but ~did not affect the local scour 

at the structure, so if the prototype channel were stable, this i 

condition was satisfied in the model• Later on, the length of the 

model channel was increased to permit the wasnbed to adjust itself as 

governed by the operating conditions. :~ 

NARROW OVERCHUTES ~ir , ~EZOIDAL SIPHONS .~ ~ ....... ~ 

ini%iai tests. The tests of the narrow overchutes wlth:trapezoidal 

siphons as shown on figure 2, were made on a 1:24 scale model. A rep- 

resentative width of 34 feet was selected and tested for Several wash 

slopes a~ discharges up to 200 percent of the designed capacity,~ the 

elevation between component parts of the structure bein8 chan~ed for 

each slope. The first test (test:S3OA2) was made to study the adequacy 

of the original design of the narrow overchute, from ~nlclu it was found 

that a tendency toward excessive scour developed ins short time sufficient 

to indicate failure by undermining, as shown on figure 3A. In this test, 

the wash slope was 0.031 and the drop from the top of the siphon to the 

sheet piling was 1.37 feet (prototype) ~, a sketch of the general arrs~e- 

meat for this and other initial tests being shown on section A,A, figure 

4. 
;unother test of tlne original design was then made with a wash i slope 

of 0.047 but wl%~1 no drop between the top of the siphon ! and the sheet 

piling (test $32A2). The scour ~as a~ain excessive both upstream and 

downstream from the sheet pilin@ as indicated by figure 3B. When this 

test was repeated usin~ a three-foot blanket of rock-fill between the ~j 

wing walls of the outlet upstream from the sheet piling (test $32A0), 

the scour was reduced somewhat between the wing walls, but there was 

still deep erosion do~nstr~am from t~ne sheet piling. 

Two additional tests (tests $35A0 and $50~0), using the rock-fill 

blanket, but with a wash slope of O,OZ2 and a drop of 4.61 feet, and with 
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a wash slope of 0.034 and a drop of 0.99 feet (figures 5 and 6), indicated 

that the scour increased considerably as the drop increased. As a result 

of these initial tests, it was evident that the ori£inal design of the 

narrow overchutes would be inadequate, since the scour at the structure 

would eventually cause the sheet piling and the structure itself to be 

undermined ,md eventually destroyed, re£ardless 0£ the ~tal drop or 

whether rock-fill w~s added to reduce the erosion. 

Double pool. To eliminate the excessive scour ob÷~:ined in the 

initial tests, it was evident that ~.-~, velocity of th~ water in the out- 

let o~" the overchute should be reduced and the flow made to spread later- 

ally between the wir~ walls. Previous experiments of the Fortune waste- 

way on tbo Oila main can~l indicated that, when a flow was suddenly intro- 

duced into the waste channel contalnin£ little or no water, the velocity 

of the waste water could be reduced by placing aweir across the channel 

within the win~ walls Just downstream from the wasteway. This weir formed 
i 

~ . . . .  

a wide pool of water deeper t~an the flow in the channel immediately down- 

stream and thus provided a stillin£ pool in which tho higher velocity of 

tne water from the wasteway was reduced more nearly to the normalveloclty 

of the water in the waste channel. As ~ result the scour in the vicinity 

of the structure was nearly eliminated. 

Applying this principle to the outlets of the narrow overc~tes, 

the unlined portion of the outlet within the wln~ w~lls was paved and two 

weirs were added to form a double pool as shown on section B-B~ fi£ure 4. 

Two pools were considered necessary becau.qe of the s~ort len£th available 

for reducing the velocity in this type oi" design. For the first test of 

this arran£ement (test $35C0), the two pools were each m~de 14 feet long 

• "ith a weir 4 feet hi£h separatln~ the pools, and a weir ~.50 feet high 

at the end of the second pool; the wash slope w~s set at 0.042 and the 

total drop from the siphon to the downstream weir was 4.11 feet. The 

upstream pool proved to be too Short, and the flow swept out for t~e 

higher discharges. This was corrected by increasing th~ length of the 

first pool to 18 feet and by adding a sill lO inches high at the top of 

the slope entering the stilling pools (test $35EO). Even with this ar- 

rangement there was some scour of ~le rock-fill below the downstream weir 

for th~ design dischar£e, and considerably more for a flow of, 200 percent 



~f the design discharge, yet the scour was much less t~an that •observed 

during the initial tests of the origlnal design. 

Since the double-pool arrangement in t~ne outlet was promising, £t 

we'.~ studied next for the total drop reduced to 3.50 feet, but at the 

same waan slope of O.0A2 (te.'~t CSIA0). F 0 o2 tals combination, a general 

arrangement of which is s~own on section C-C, figure 4, the pools were 

adequate for discharges up to ~nd including 200 percent of ~le Cesign 

capacity, the scour being neglig.ible. Further improvement in the flow 

conditions in the pools could be obtained, however, by reducln£ exces- 

sive boiling~ ~nd high surface velocities caused by the ~'elrs. This was 

accomplished by placln~ 2-~'oot openings on lO-foot centers in the up- 

stream weir (test CS2A0), as shown on figure 7A; the flo~ conditions 

and scour are shown on figures 7B and 7C. 

Additional tests of this same arrangement were made to ascert~in 

its adequacy for other conditions besides t~e slope of the wash and the 

discharge. For example, when t/~e tailwater was r~ised two feet, there 

was no movement at all of the rock-fill in the model and the scour to 

• @he channel downstream was negligible (test CS3A0); when the gravel of 

the rock-fill was decreased from 3/8 inch to ~o. A, there was some move- 

ment of the gravel, but no%/~nA serious (test CS4A0); ~:hen the stilling 

pools themselves were filled with ~o. & gravel for~determlnlng If the flow 

would remove ar~v debris that might collect is h~e pools, the gravel was 

quickly scoured out by the first _Ciood (test CSACO); but ~hen two verti- 

cal training walls were placed in the outletso that the flow in the pools 

was confined to the widti~ between he~dwa!is (34 feet), the erosion to the 

rock-fill was considerably i:,creased (test CSSAO). 

Although the double pool worked satiafactorily for a widthbetween 

headwalls of 34 feet, it was desirsble to observe the performance of the 

double pool~wnen ussd for narrow overcnutes of e'.~en less width, since the 

transverse ~istance at the end of ~e apron entering the .oools would be 

much smaller. As shown on section D-D, fi~ure 4, for test ~34AO, the 

double pool evolved from tests ~'it~ an overchute 34 feet ~'ide between 

headwalls (section C-C~ 1"i~ure 4), was adapted to an overchute width of 

25 feet. It was immediately seen ~2,at t&e upstream pool was Inadequete 

when built to the same proportions as the upstream pool for the over- 

chute 34 feet wide between headwalls. By increasing h%e slope of the 

i0 
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paving enterin8 the upstream pool, the length of this pool along the 

bottom was increased from 3.76 feet to,8.90 feet (test $34CO, section 

D-D, figure i~- This arran~,ement worked satisfactorily for flows up 

to and includln~ the maximum design disch%rge. 

Bucket desiKn. As a final test on the narrow overchutes, a 

bucket-type stillLn£ pool was studied in place of the double stilling 

poo~. The use of a bucket as a stilling pool, in which a roller is~ 4 

formed for dissipating the ene1'gy of the flow, has proved advantageous 

wherever the use of a hydraulic jump would require a lon~ apron because 

of a deficiency in tailwater at high discharges and an excess at low 

discharges. Although a hydraulic jump camnot beobtalned at the over" 

chute, even in the double-pool arrangement which depends on the weirs 

to build up some tailwater in the pool itself, the bucket-type pool was 

considered as another method of obtaining energy dissipation with ad- 

verse tailwater conditions. The bucket stilling pool studied in this 

case is shown on section E-E, figure ~, test CS6A0. This design was 

unsatisfactory., however, because of the small drop and alack of tail- 

water, it was impossible for a roller to form in the buck@t. Instead, 

the flow left the bucket as a Jet travelln£ at a relatively hi6h veloc- 

ity which produced excessive scour of the rock-fill. To obtain more 

drop and sufficient tailwater by use of weirs would have been unfeasible 

and would not have been any improvement over the double pool, so further 

study of a bucket was abandoned. 

Final design. At this point of the investigation, the double- 

pool arrangement of section C.-C, figure 4, and as shown on figure 7, w a s  

considered satisfactory for overchuteshavin£ a width of approximately 

34 feet between headwalls; for narrower overchutes in this group, having 

a width of approximately 25 feet between headwalls, the design of section 

D-D, test S34C0 on figure 4~ was considered adequate. 

After more extensive model tests had been made on the wider over- 

chutes with rectangular-barrel siphons, itwas found that reKardless of 

the adequacy of ~elr outlet to prevent local scour, retro6resslon of the 

downstream wa~hbed would render several of the outlet deslg~s inadequate. 

As a result, it was evident that the double-pool outlet would also be 

rendered ineffective by retrogression. Thetests leadin~ to ~lis con- 

clusion and the results obtained to overcome the effects ofretro~res- 

slon, are presented in the discussion immediately following, from whlc~ 



@ 

Q 

@ 

i 

Q 

it will be shown that the final design of the narrow overchutes with 

trapezoidal siphons was made similar to the arrangement evolved for the 

wide overchutes. No separate tests were required of t~is design for the 

narrow overchutes, since the width was the only factor changed and this 
/ 

was found to l~ave no effect on tae adequacy of t~e design for the wide 

overchutes. Accordingly, the final design of the narrow overchutes with 

trapezoidal siphons has been evolved as ShOWn on figure 8. 

WIDE OVERCHUTES - RECTANGULAR SIPHONS 

Initial tests. Unlike the narrow overchute~, the Wide overchutes 

shown on figure 9 were desi£.ned to serve large draina£e areas where the 

average run-off from the catchment area will not exceed tt~e assumed 

designed capacity of 35 second-feet per line&l foot of siphon curb. It 

was, therefore, unnecessary to test these structures for flows exceeding 

the design capacity, but this was done in a few tests as a precaution. 

The initial tests of the original design for the wide overchutes 

were also made on a l:2A scale model following the procedure used in 

tests of the narrow overchutes, namely, to determine t~e adequacy of the 

original design and to try minor revisions before attempting studies of 

major changes to hhe structure itself. A width of 120 feet (pro~totype) 
. t ~ 

between head walls was usem fn t~lese test~, which was the limit that 

could be conveniently handled in t~e model. Since the dlsc~arge per 

foot is the same regardless of the width, the results obtained from trois 

width would be applicable to wider or narrower overchutes. As before, 

the discharge was varied for tests covering different wash slop es of from 

0.013 to 0.058. 
As previously found for tests on the narrow ove~-chutes with trape- 

zoidal siphons, the original design of the wide overchute was inade- 

quate. This w~s true re6ardless of whether a gravel blanket was placed 

between the wing walls upstream from the sheet piling, or whether the 

sheet pilin~ was removed or lengthened, or whether the siphon curb was 

in place or not. On each test the rate of scour indicated thatl the 

structures would eventually fall and that the flow in the outlet must be 

spread laterally and be reduced in velocity. Fi£.ure lO shows the scour 

developed by the original design, while figure ii-indicates that the use 

of a gravel blanket is inadequate. Sketches of Uae general arrangement 

for taese initial tests are given on figure 12, sections A-A, B-B, t~nd 

C-C, where the difference in each arrangement was the extent of the gravel 

12 
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blanket. An e~alysls of the performance in any of t~ese tests snowed 

that at a discharge of 25 percent of the design capacity t~e rock-fill 

immediately below the siphon and sheet pilln~, began to move downstream, 

and as the discharge increased, the flow in the outlet plunged under 

the shallow tailwater at the siphon and at the sheet pilin~ causing deep 

scour at both places. As the flow contlnued, ~e newly i'ormed ch~_nnel 

downstream aggravated the conditions w~ic~ alr.~ady existed, so ths~ when 

the flow reached i00 percent of the design capaci~, it had scoured a 

deep pool at the siphon, and the sheet piling w~,s beginning to fail, as 

shown on figures IOC and lIB. 

Since each test indicated the same failure over a wide range of wash 

slopes ~id corresponding drops, two f~cts seemed to be evldentz (i) that 

primary failure in eac~ case was caused byte same natural phenomenon, 

which w~s not clearly understood at this point of the investigations; and 

(2) since the failure of the design was so similar over a wide range of 

teats, then if the effect of this phenomenon were nullified, a deslgn 

adequate for one wash channel would be suitable for all the wash channels 

involved. 
Double end sln~le pools. Since the double-pool arrangement for the 

narrow overcnutes was still considered adequate up to this point, the 

retrc~resslon effect not being fully understond ~t this time, it was 

logical to apply this deslgn to the wide overcnute~ to spread the flow in 

the wing walls, and reduce the velocity cf flow in that are:~. Adapting 

this design to tne ~'ider structures was not particul~rly convenlent, but 

the acceptance of this major revision would be dependent on its ability 

to prevent the serious erosion involved with the original design. 
• 

The first double pool studied is shown on section D-D, figure 1 , 

for test CS46-1AO° The drop in this dez~gn was 8.00 feet, the two pools 

being separated by a 4-foot weir w~th a 2.5-foot weir at the end of the 

second pool. This arrangement was not correctly proportioned since the 

first pool was too short, which caused insufficient ea~r~oY disslpat~on and 

excessive erosion downstream from the second pool, as shown by figure lAB. 

Removln£ the slopln£ apron into the pool and the weir at t~e end of the 

second pool, as shown by section E-E, figure 13, was even less satisfactory. 

Improvement of the flow conditions and ~ome lessenin~ of the scour was 

obtained by adding to this last arrangement a horizontal apron lO feet 
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lon~, as shown ou section F-F, figure 13. In this design a form of 

hydraulic Jump was obtained, in spite of unfavorable tailwater condi- 

tions. When the upstream weir of this desi~n~was removed (test CS&6-~O, 

figure 13), the performs:nee was still improved although there was some : 

scouring as shown on flgure 15C. Thus it was found that a single pool 

was more satisfactory for the wider overchutes. 

RETEOGEESSION OF WASH CHANNEL 

Effect on outlet. It became quite evident at the end of ~is series 

of tests that some additional factor was causin~ the scour at the out- 

lets even though a suitable stillin~ pool could be evolved. It was 

noticed that the scour b'elow each outlet increased if the tailboard at the 

end of the model w.~.~h ,was lo~.er th.%n the apron of thc stillln£ pool, in- 

dicatin~ that ~his acted as a control which influenced the slope of the 

washbed downstream from the outlet. A more caref%~1 analysis of ~Ais fact 

disclosed that when scour occurred, it was due to zhe unstable slope of 

the channel. From t~e formula developed by Lace it was possible to 

compute the approximate value of a stable slope in this material for ~he 

1 These and all folio~in6 notes in this repoi't refer to numbers listed 
in the bibliogra~y in their order of appearance. 
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maximum dlschar~e and continuous flow. By. comparing the computed slope 

according to Lacey with the slopes at the wash crossings in the field, it 

was seen that the computed value was much flatter and that t~le retro- 

gression during periods of flow would be the major factor controllin~ the 

design. In the model, the flow caused the channel to retrograde to a 

stable slope for a 6iven disch,,r~e, the depth of scour below the apron 

being dependent on %.he elevation of the tailbo~rd, the lower the control 

the greater the depth of scour. 

Consequently the adequacy of tne outlet developed for a particular 

structure was wholly dependent upon a downstream control. In the field 

such a control might be a rock barrier or other natural impediment v;hose 

character and permanent elevation would be known• When sucn a control 

exists, the channel will retrograde to ~ permanent slope as shown on 

f~ure 16A, and there will 9e no further retrogression during future 

floods between the structure and th~ control. If t/acre is no fixed 
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phy~!c~l control between the structure and the mouth of ~he wash at. the 

Sal~n Sea, the elevation of the bed downwash will ~radually lower due 

I to successive floods, until the elevation of ~e bed of lne wasn ap- 

proaches the elevation at its mouth, as indicated on figure 16B, the 

d new slope of the bed bein~ asymptotic to the original slope ,~na depen - 

ent on the hydraulic properties of ~e stream itself, if this is to be 

the condition in the proto~pe channel, and there is every reason to be- 

lieve it will be, then the stilling pool deslgns evolved in the preceding 

tests with the proviso of ~ stable chalu~el would not be adequate for this 

new condition. The inlets, on t~le other hand, would be satisfactory pro- 

vided they were properly propor~.ioned ~ud protected a~'ainst loca~ scour, 

since retrogression upstream from the structure ~ould start at th~ con- 

trol produced by the s~phou. As a result, t~e elevation of the wash 

channel immsdi~tely upstream would ch.~:ie very little. 

Since it would be entirely impractical to prevent retrog~'ession, the 

model tests were continued to evolve an outlet w~icn woul6 prevent i~:e 

progress of the retrogression from afi'ectlng the stabili~tae over- 

chutes. 

Verific~tlon tests. To verify this analysis of the e fleet of retro- 

gression on the scour at the outlets, a !.3o scale mo~eL was used in which 

the wash was extended downstream from the structure an equlva±ent of ~36 

feet in the prototype, and upstream an equivalent of 435 feet. In the 

previous t~ts on the 1:24 scale model, t~e downstream distance was 168 

feet, while the upstream distance was 120 feet. 

Tne first test with the lon~er wash cham~el was m~de on th~ original 

design of a wash crossing in which a round-barrel siphon w,a~ buried be- 

neath the crossing, as shown 9n figure 17. Thi.~ round-barrel design was 

selected for this test because it had not been studied previously, and 

because it could be compared ~th a test on the 1:24 scale model, in anich 

• ~ " S , a rectangular siphon had been burledbeneath the cros In£ (test CSOAO 

section 6-G, figure 13). 

Figure 18A shows the model of a wash cross£n~ detailed on figure 17, 

~ith a distance between embankments of approximately 120 feet and awash 

slopa of 0.028. ~he tralnlng walls were ear~ embankments (sana in the 

model) protected by rlprap, the round-barrel siphon beln~ buried beneath 

the crossing. When hhe ~ow was introduced in the model, it cut a cha~el 
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which gradually enlarged but never approached the normal width of the 

downwash channel (figure 18B). Since there was still a control at the 

end of the model wash• although considerably farther downstream than 

heretofore, retrogression was simulated by lowering this control 'as the 

test progressed. If~ retrogression was not a factor, ~hen this slig ht 

and ~radual lo'~,srin6 of the control ~'ould not influence the scour; how- 

ever, the scour was increased considerably and continued to do so *as the 

retrogression developed (figure 19). 

It w~s evident that for eacn vertic~l position of the control, 

retro£ression eventually produced a stable wash slope which began atl the 

control and sloped upstream to the siphon barrel• the new wash bed 'at the 

siphon bein8 well below the top of the barrel. For each successive lower- .., 

ir~ of the control, retrogression continued to lower the wash ,bed.until a 

new condition of equilibrium occurred for the given discharge and verti- 

cal position of the control. In effect, this simulated movin6 the con- 

trol farther and farther downstream unbil finally it would have reached a 
" n position correspondin8 to the elevation of the wash mouth at the Salto 

Sea. 

This test was the only one made o~n the round barrel :siphon, it be- 

in~ an alternate desi~n an:~ one considered to be more expenslve than the 

rectan~.ulsr siphon, so it was ~iven no fur%/uer consideration. In addi, 

tion, wi~ walls constructed of earth embankment protected by riprap were 

considered inadequate as a result of"the erosion shown on figure 19B. 

To complete the study of retrogression, ~ model 4as installed with a 

rectangular siphon and an outlet arr~ed as shown on figure 20 and by 

section A-A• figure 21 for test CS~-IAO. This &rran~ement, being quite 

similar to the outlet of test CS46-4A0 on ~[i@ures 13 and 5 made with 

the short wash channel and tailboard control, also permitted a compari- 

son of the effect of retrogression. By comparin£, fisure 15 with fi£.ure 

20, it is evldent %hat degradation due to retrogression has ~reatly in- 

creased the scour in the outlet. 

CHUTE ~D BAFFLE DESIGN 

Purpose. Since it was now definitely established that all of-the 

previous outlet deslgns heretofore considered adequate would be eventu- 

ally rendered useless by desradation due to retrogression, it was neces- 

sary to consider new methods of preventing this scour from affectln~ the 
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stability of the overchutes. It was evident that the continual lowering 

of the downwash channel due to successive major floods could not be pre- 

vented, so it was logical to consider some type of outlet which would 

minimize local scour and which would, at the same time, provide protec- 

tion as the wash channel lowered. Accordingly, tests were made on a 
¢ 

slopir~ apron or chute wi~ich could be extended downward as retrogres- 

sign progressed. Attached to the c~ute were numerous baffles or dentates 

wnlch would dissipate the energy of the water and reduce its velocity to 

minimize local scour• As the wash channel lowered and exposed more of the 

chute, the baffles would continue to dissipate the increased energy 

developed by +~le increase in total drop. 

Development of final design. The first ~ test of the chute and 

baffle arrangement was made usln£ a serrated sloping apron to i'orm a 

series of c~scades, as indicated by section B-B, figure 21. In this 

series of tests the sloping apron was completely covered by backfill 

(figure 22A). As the flom continued, however, the degradation would 

rapidly uncover the apron, so the duration of tag flood was made suffi- 

ciently long to give some indication of the length of apron required for 

a particular wash slope. It w~s found in this first test that the c~scades 

were too small to provide effective energy dissipation, so the slppe of 

the apron was changed from 1-1/2:l to 3:1 and larger notches or steps were 

used as shown by section C-C, flgure 21. This changoe proved to be quite 

adequate, but for the flat slope o~ 3. ~ *~e c1~te would be excessively 

long for the total drops anticipated. Returning to the 1-1/2:l slope, a 

type of bucket was placed at the bottom of the c21ute as shown by section 

D-D, figure 21, but this was unsatisfactory because it would be impos- 

sible to establisn a fixed elevation of the bucket due to a continual 

lowering of the channel by retrogression. Tnis aga!n demonstrated the 

need of a design sufficiently flexible to be extended as degradation in- 

creased over ~ period of time. 

Final design. Another test was then made using a 2.1 sloping apron 

or chute with baffles spaced as shown by section E-E, figure 21. ~Is 

arrangement proved to be entirely adequate as indicateo by Eigures ~2 and 

23, and was selected as the final design. The continued lowering of the 

wash channel is evident, but the stabi~it:z of the structure is not af- 

fected (figure 23B). Tne resultin~ scour ~nown by this latter figure was 
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developed in 5-1/2 hours in the model, correspondln~ to 33 hours in the 

prototype, for the deslgn capacity of 35 second-feet per foot of siphon 

curb. ~Ach a severe continuous flood is~not expected in the~field, so 

it is apparent that the drop from the top of the siphon to the en(Y of 

chute, 24 feet in this test, would be adequate for sever&l years, par- 

ticulsmlysince the model erosion w~s exaggerated because tests were made 

with clear water, no bed load~belng added. This drop ~ould be uiffe.ent 

for varlous wash slopes and was computed by determining the rate ofbed- 

load movement for each wasn slope in a manner similar to that which is ex- 

plained in the following chapter. 

To fur~er study the size, shape, and spacing of the baffles, a i:15 

scale ~ectionai model was constructed as shown on figure 25 in which the 

effectiveness of the baffles is evident. It w~s found ~at the factors 

developed on ~ne 1.36 model were substantially ~correct. Piegometers were 

installed to determine the pressures on several baffles as an aid in their 

design. The average pressure difference between the upstream and down- 

stream faces was 7.5 feet of water per squarefoot, prototype. 

F~u~= ~4 sho~s ~e prototype details of the final design for the 

wide overchutes with rectangular barrelsiphons. As mentioned in section 

ii, the narrow overchuteswi~ trapezoidal siphons were also finally de- 

signed using ~e chute and baffle arrangement, as shown by;figure 8. It 

will be recalled from the previous dlscussion that the double-pool ar- 

rangement, as sho~n on fi£ure 7, was conslcered adequate ~for the narrow 

overchutes until it was realized ~nat retrogression would eventually render 

this design useless by lowering the ~ash Channel below the elevation of 

t.he pools. • 

Comparison of desi£ns. That the final design in figure 24 was 

superior to those in wnlch the original design was~altered by minor re- 

Visions to the outlet, was readily seen from test ' CS45-IA0, section F-~, 

figure 21. In this test the orlgin~l design o~fig~Are 9 was chan~ed by 

increasing the vertlcal length of the mheet piling from i0 to 90 feet; 

the ori£1nal 2- by lO-foot blanket of riprap adjacent to the sheet piling 

was made 3 feet thick and placed on a 3:1 slope extending downstream to a 

W depth of 20 feet belo the top of the pilin£, the ~ash slope being set at 

0.04. In terms of the prototype, the rlprap had :; maximum diaseber of 

27 inches. 

18 
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Althou~h the purpose of tais test was originally an attempt to 

find a design more eco~omlcai\than the final design, It~was quickly 

shown that this or any similar designs would be a failure, as may be 

seen from figure 26. The superiority of the final deslgnmaybefully 

appreciated by comparln£ the conditions at the end of 5-1/2 hours !(flgure 

23B), with the conditionc in the revised original design at the end of 

only 15 minutes (figure 26C). 

REVISIONS TO CSMPLETED OVERCHUTES 

Recommended revisions. Since some overc~utes Of the original 

design aa~own in figure 9 were already constructed or under construc- 

tion at the time these model investigations were made, studies were 

necessary to devise methods of alteration to prevent failure in a manner 

similar to that ~ in fi&ure IOC. That this may well occur in the field cam 

be seen by a comparison of the scour In t~e model (figure lOC) and/~e 

proto .type (flgure 27) • 

To perform these tests, a 1:24 scale model was again~constructed of 

the original design, studies bein~ made to adapt the chute ~and baffle 

arrangement. It will be recalled that the original design had diverglng 

wing walls in the outlet conslstin£ of vertical retaining walls and' 

concrete pavin~ on a 2:1 slopewlth rock'fill in the area between the 

walls and adjacent to the slpaon, as shown on figure 9, while the final 

deslgn had parallel training walls on each side of ~ze concrete chute as 

shown on figure 24. The chute and baffle arrangement was installed in 

the unpaved area in the outlet with additional baffles on the slope pav- 

ing of the existing structure as Shown on figure ~8. The first test 

showed this to be satisfactory as shown on figures 28B and 28C, the light 

colored portion of tae model representing the additions to the existin~ 

structures. However, it was deemed structurally impractical to place 

baffles on the old paving and when they were removed, the flow along 

each side of the chute was not sufi'iciently baffled, so objectionable 

scour developed in the channel. To alleviate this scour condition, low 

tralnin~ walls were placed at the end of the first three rows of baffles 

and additional baffles were added to the new lower portion of the paved 

training walls, as shown at the rIRht of figure 29C. The other side of 

the model in figure 29C was made to con!'orm with the final design in 

figure 24. which is recommended for use in future construction. By 



" : / . .  . : ' 3 .  , - ' ' ' . '  " " 

A 

arran~, in~  : t h e : m o d e l  i~n , t h i s  manner a '~comparison ~of  ':th e s c o u r  was r e a d .  

~ly made b~tween ~the' two designs/from which ~it was ~found that .the scour~ 

was .less for the ~final deslgn~as:arranged ~at the left of figure 2~C. ~The 

improvement, however,'was not ~sufficl ent 'to Warrant :the ,additlonal ~cost 

of chan~Ing the exlstin£ structures ~to con£om .with thls deslgn, ~so i£t 

was recommended ~hat the exlstlu~ overchutes~be revised accordln£ ito 

figure 30, which shows ~the details of the :arran~eaent in ithemodel at 

t h e  right o f  figure :29C. ~ 
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CHAPTER IIl - RESULTS AND~CONCLUSIO NS 

ANALYSIS OF-RESULTS 

~J 

Narrow overchutes. The scour occurring at the outlets in the 

initial, tests of the original design of the narrow overchutes was more ,*, ,:~ 

severe upstream than downstream from the sheet piling. This fact can 

be attributed to two conditions: (i) the ratio between the length of . i~ 

the s~eet-piling cross-weir and the distance between head walls at the 

siphons; and (2) the tailboard in the model actln~ as a control. ~ the 

flow, in passing from ~he siphon to the crosm-weir, ~ spread laterally 

over a length approximately three times @rearer than that at the siphon • 

In the process of spreading, much of the ~ erosive power was dissipated 

in the area enclosed by the win~ walls and the cross-weir, since the 

flow ~pread considerably and moved at a lower velocity. As a result 

the scour downstream from the sheet piling was usually considerably 

less than the scour in the areaupstream. 

The double pool was developed to prevent scour in the area upstream 

from the sheet piling and to spread the flow more unifo~mly across the 

wash channel downstream from the outlet. The double-pool arrangement of 

figure 7 appeared satisfactory because of condition ~(2), Lwher~eby the 

tailwater elevation at the double pool was fairly stable for a given 

discharge; ~hat is, the tailboard prevented the wash channel and the 

tailwater from lowering. Accordlngly, when it was realized that t~is 

tailboard acted as a control and preveri~ted retrogression of the wash 

channel, the double-pool desisn was discarded and the final design was 

selected as shown on figure 8, being made similar to the design evolved 

from the wide overchute studies waich took the effect oDretrogression 

into account. ! 

Wide overchutes. Tests of the original design of the wide over- : 

chutes with rectangular siphons showed that there was considerable scour ~ 

both upstream and downstream from the sheet piling because the discharge !i 
/ 

per foot at the sheet piling was not much less than that at the siphon. :~  

This smaller difference in the discharge per foot occurred at the wider 

overc~tes, since the transverse length of the sheet-piling cross-weir 

a~ the end of the flared wlng walls was not considerably~greater than the 

widh~ between head walls at the siphon, and because the flow d ldnot .... ::* ~:~::~ 
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spread uniformly across ~,e outlet at the end oi' the wln~ walls. As a 

result, even though there was considerable energy remalnin~ in the flow at 

the sheet piling to cause excessive erosion immediately downstream. 

The single stilling pool'In which a farm of the hydraulic Jump 

was developed, as shown on figure 15, was satisfactory in tee model only 

when the tailboard was at or above the elevation of the pool• Here again 

the tailboard acted as a control and retarded norma], retrogression in 

the cb~/inel downstream, so that this design was apparently adequate. When 

it was realized that retrogression would affect %/re adequacy of this or a 

similar deslgn, it was necessary to evolve a c~ute and baffle arrangement 

which would not permit failure of the overchute as retrogression prosres- 

sed, the final design for wide overchutes wi~h rectangular siphons beir~ 

shown on figure 24. The design with round-barrel siphons was abandoned 

as being inferior from practical considerations, so mrs not revised to 

conform with the chute and baffle arrangement. For those structures 

~ire~Ady constructed in accordance with ~e origlnal design, which was 

found to be unsatisfactory as shown an fi[ure i0, the chute and baffle 

arrangement was adapted to revise ~hem as shown on fieure ~O. 

Retro@ression. When a compilation of the test results was made after 

the single pool aad been developed for t i e  wide overchutes, it was appar- 

ent ~%at degradation due to retrogression in the wasi~ channel downstream 

1ould eventually cause t~is and similar designs to fail. an an~Llysis of 

this phenomenon explained ~he process of degradation and the manner in 

~nich it affects ~he design of %me structures. .;:: 

The washbeds intercepted by the Coachella Canal c0nt *-%in dune sand 

or other sand)" m~.terial lying on slopes varyin~ from O.013 to 0•0716, 

slopes which are much steeper %/Lan those considered %o be stable for 

this material when in a stream ~hannel. During heauy rains, large qu~ntl- 

ties of this material will be carried away and the washbed will be scoured 

to an elevation lower than that w.~ich existed previous to the storm. If 

the regimen of the channel bed is not controlled in any way, retro@res- 

sion will begin at the elevation of the mouth of the wash at the ~altom 

Sea and work towards the source, ~e greatest change in elevation of the 

washbed occurrin~ somewhere in the upper reaches of t~e channel. When an 

overchute is built in the wash end when the run-off of other washes is 

diverted by trainin~ dikes and diversion channels through the relatively 

narrow openln~ of the overchute, the natural rezimen of the channel is 

disturbed. The structure acts as a control in t~e channel. The part 
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upstream from the stTacture will change its regimen by retrograding from 

the control towards the source. Tae elevation of the downstream end of ~: I 

this part of the chanx~el will be the top of the control, which in this 

case is the siphon box| hence the ~e~radation due to retrogression im- 

mediately upstream from t~e structure will be sli£ht and will have very i 

little, if any, effect on its stability. Downstream from the structure, 

the regimen will change by retrogradin~ from a natural control towards !i 

the overchute structure. A long!tudlnal profile of the downstream chan- 

nel would s~ow the ~reatest chan£e in •elevation of the ~ashbed with ~k 

respect to a previous 6rade to occur Immedlately downstream from the i 

overchute as shown on figure 16B, this having a direct bearing, on the 

stability of the overchute, i 

The depth of this scour during a flood is a matter of conjecture ! 

because the range of wash slopes for which tne structures were designed l i 

is outsiae of the limits of tAe empirical equations and the experiments 
1 

pertainin~ to bed-load. The work of Lacey was based on data obtained 

from rivers and canals flowin~ in alluvium and with relatively flat 
2 n slopes. The experiments of Gilbert o which the revised Schoklitsch 

' S Bed-Load Formula 3 is based, were conducted with slopes of 0.02 ~or les, 

whereas the slopes of the Coachella Washes vary fromO.O13 to 0.072. 

In order to obtain an approximation of the rate of scour in the field, 

it w~s necessa~j, wits the aid of this formula, to extrapolate the curve 

to find values for the quanti~y of bed-load that would be transported 

durin£ a flood. In addition, it was impossible to estimate the bed-load 

~hich will be transported across the structure or the additional load 

acquired downstream from the structure. However, it is known that the 

rate of scour based on the assumption ~ of clear water at the structure 

would be ~reater than that whlch will actually occur in the field. This 

is evident because the flow passin£ the structure is carrYin£ bed-load 

and the additlonal amount that it will pick up after it leaves the struc- 

ture is less than that ~Ich can be picked up by a similar flow which is 

without bed-load at the overcnute. Accordln41y , if t~e design is based 

on assumptions for clear water, it will be reasonable to assume taat it 

will be safe for a flood lastin~ as lon~ as and probably longer than the 

computed time necessary for the channel to retrograce below t~he structure. 

k ? 
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Fox' the c~ute and baffle arrangement, the dep~ to ~hich the chu%e 

should extend below the top of 'the siphon depeuds upon the wash slope, 

because the rate of degradation, all other factors bein~ equal, is a 

function of the wash slope• For example, assume clear water flowin@ 

throuth an overchute situated three miles from the mouth of a wash channel, 

the channel width bein~ taken as ~e distance between head walls of the 

overchute. Assuming wash slopes of 0.013, 0.025. and 0,058, then from 

the curve on figure 31, the bed-load being transported, computed from the 

revised Schoklitsch formula, for each slope would be 23, 64, and 230 

pounds per second per foot of chan,lel width, respectively, for a given 

S gradation of bed material at the maximum design discharge of 3) econd- 

feet per foot of curb. Then if the lon~itudinal scour pattern is assumed 

to be triangular over the three miles of caannel, the respectlve chan- 

nels in the area adjacent to the struct~re will retrograde at t~e rate of 

approximately O.lOA, 0.290, and ~.026 fest per hour for each hour of flow 

at maximum design dlscharge. If allowance is made for six feet of local 

scour, t~en a chute an'~ baffle arrangement, the tee of Wnlch is thirty 

feet below the top of the siphon, ~ould be safe for 231 hours of con- 

tlnuous flo~ at maxi,~m desi£n capacity in awash navln£ a slope of 0.013, 

or 83 hour~ in a wash having a slope of 0,025, or 23 hours in ~ a wash hav- 

ing a slope oi ~ 0.058, etc. If at any time after successive floods it is 

found t~at the scour is approach!n~ the bottom of the original chute, it 

may be extended to some greater d~pth without impairin~ its efficiency, 

since the baffles will dissipate t~e iacrease in energy developed by the 

increase hu drop. It will probably be many years before such an exten- 

sion to t~e chutes will be necessary, since ample length aa~ been pro- 

• " " " W ' vided initially and oecause the washes are xnterm~ttent streams nica 

will carry the maximum design discharge on only rare occasions. 
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CONCLUSIONS 

Su~. As a result of the model investigations of overchutes 

applicable to the was~ crossings of the Coachell,~ Canal, the i°ollowln~ 

conclusions have been drawn: 

(a) The overchute inlets were satisfactory as origlnally 

designed according~ to fig~ures 2 and 9. 

(b) The outlets of the overchutes as originally de- 

si~-ned w~re inadequate for flows of 35 second-feet per 

lineal foot of barrel curb in w~shes where retrogres- 

sion is a predominating factor, as shown by ~igures 3, 

I0, 19, 20~ and 27. 
(c) Failure of the sheet piling and t~e subsequent 

undermining of the structures as originally designed was 

the result of desradation due to retrogression of the c~an- 

'6 nel downstream, as shown by figures 19 and 2 ~ the l,~tter 

beln~ a slight variation from the oriEinal design. 

(d) Riprap and rock-fill at the sheet pilin~ and 

upstre~m between the win~ w,Alls offer little protection 

against degradation (fi~,ur~s i0 and 26). 

(e) Increasln~ the vertic,~l !ength of the sheet 

pilin~ and the size and extent of the rock-fill did not 

prevent failure of ~le structures, as :shown by fi~ur~ 26. 

(f) A stilling pool in the outlet at the siphon is 

adequate protection when local scour only is involved, 
/ 

but not when retrogression is present (figures 15 and 20). 

(g) A bucket-type stillin~ pool is not applicable 

to the overc~utes because of the small drop available and 

because the tailwater was in,~dequate to form ~ roller, 

Retro£ression would eventually drop the channel below the 

llp of the bucket. 

(h) The cascade arrangement as shown on figure 21, 

section C-C, was satisfactory it. ~ model; however, the 

results obtained with some dams designed with this feature 

showed that at small dlschar£es the depth of scour was 

reduced but at @rearer discharges silt carried over the 

structure deposited on the cascades transforming t~e 
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jag~dd surface into a comparatively smooth one, .hich 

c o n d u c t s t h e  , f low a t  a s t e e p  angle  onto  the . u n p r o t e c t e d  

bed. 

(i) The chute and baffle arrangement of the final 

design was shown ~to be satisfactory for ~the wash~cross - 

inEs of the CoachellaCanal. Ai~hougn- thi design, as 

sho~n by figures~8 and 22 to 5 dld~not prevent retro- 

gression, it did furnish protection to the structures. 

As degradation continues ~the chu%e can~be ~ext,nded. 
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FIGURE 3 

III 
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l- 
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FIGURE 14 
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FIGURE I~ 
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~. FL0 C0[[LITIONS AT [IESIG.'~ CAPACITY. 

C. SCO~IR AFTER 4:-biiLLTE F i t  . 

SINGLE POOL DESIC~ 
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FIGURE 19 

A. ?LC ?5"'7.:TlO"S AT DESIGNED CAPACITY - C0!'TROL LO:',T/~ED I INCH. 

I 

PROGRESS OF SCOUR BEL0~,7 CIRCb%AR SIPHON DUE TO RETROGRESSION - SF~%'T 2 OF 2 
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FIGURE 22 

A. MODEL BEFORE TEST - "IA~! SLOPE 0.028 

B. FLON CONDITIONS AT 50% DESICTYED CAPACITY 

PROGRESS OF RETROGRESSION WITH THE FINAL DESIGN - SHF~T I OF 2 
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FIGURE 25 

A. FLOW CONDITIONS AT 25~% DESIGNED CAPACITY 

B. FLOW CONDTrIONS A:T 50% DESIGNED CAPACITY. 

C. FIX),, C0~.~ITIONS AT 75% DESIGNED CAPACITY. 

D. ~rrow CONDITIONS Rr ioo~ DESIGNED CA~C~v. 
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