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,Bulmau of ~ociam~tlo~ 
F~IORANDUE TO ~CHIEF DESIGNING.Eh~INEE .R '(H. d.' De-we F  -  nvsr0 'co: or a  

Subject: FRedesign of check drops - Sunnyside ~Main canal - ,Yakima 
:project, Washington. 

I. Introduction, This report deals with the model 
studies made on check,drop no. &. :In ~the report of~an ir~peo- 
tion trip 'to 'the Yakima project ..frcm iP, ay 25 ~to June 6, '19;38 
(memorandum to Chief Engineer, August-8, .1938, ~'(HYD-.37!)'.-by Engineer 
J. E.-Warnock), mention .~was made Of '.the excessive ,scour and poor 
flow conditions eXisting at ~most Of ~.the check "drops in the 
Sunnyside Main canal. In 'that report i,(page 1.8), it was ~'stated: 
"The original designed capacity of ~the ~canal was "much~less than 
'that now.being carried. ~As 'the demand increased, ~larger ,ouan- 
tities were handled. The :resulting increase of ~elocity scoured 
the canal to such .an extent thata~series of 23 or 2~ check drops 
.were constructed in the canal'. .The scour ,downstream ~Zr~m at least 
18 of these drops has been a,source of,~continuous ,trouble Since 
the drops~were-constructed. ,The first ,~two were designed for:a 
capacity of i'!,076 second-feet and, Tor ~many yeara, :have been ~hand- 
ling 1,300 ,second.feet. Attempts ~to :atop this scour have !been 
primarily :by :riprapping, .but ~it~le -o~-:no , i m p r o v e m e n t  :has ~been 
accomplished. At drop .no..,2, ~the ~,wldth .'of ',the ..canal .:a :shc~.t :dis- 
tance downstream ~rom ithe .:struCture !is ~at ileast -~0 :percent :great- 
er than:the-normal,width, and .: Superintendent Moore say~ %hat the 
hole in the .center .is about 15 i feet .~eep. The size .of ,the ~hole 
scoured below :these .structures ~is ..excessive ..considering ~the 'very 
small amount..of drop, The .:stream of .water ~through-.the ~control 
is concentrated in the center of ~h~-. canal.., .and :~he !high veloclty 
prevails for sever~l.hundre~ ~feet-downstream..with ?li~Ole-dissi.pa- 
rich..,As the ~high-velocity.water leaves .the drop, ,there is .a 
differenc~e .:in water level ..due ~to 'the velocity ,.head. This causes 
an inflow i of water, on each side :near ~,the structure.. 'Ti'tis '•in- 
flow ~is ha..~; ~(1,)as ~'it causes, a heavy flow.upstream .to :re- 
place 'that :carried away :bY ;the high-velocity stream; and ~.{2)as 
it disrupts all:tendency-toward ~the formation of a ~hydrau~c .Jump. 
,To completely solve this .o~oblem, it .will ~be ~necessary ~to ~make ~a 
model stud~" .of. a ~typic~l structure. It is believed ~.that :the ~m,~jor- 
~ity of the %aults ,can:be remediedby extending ~the abutment wall 
sufficiently :far~ downstream so that .the adjacent ~water will ;not ::be 
drawn intb ithe !stream, :and a ~hydraulic ~ump is perm&~ted ,to ~form. 
The intermediate-,training :walls .were included ,in ithe ~Marshall !Ford 
stilling pool .for 5his ~same .pur.oose. The ~low ~condltions through 
the structure itself can be greatly improved ',by streamlining ,the 
steel brackets which support the-flashboards..'" 
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On July 16, 1938, the SuPerintendent of the Yakima 
project submitted a letter to the Chief Engineer, requesting 
that a stu~v ~be made of this problem. In paragraph (l~ of 
this letter, it was stated~ ~'!From time to time during the 
past 15 to 20 years, various members of the organization have 
made suggestions and plans for remodeling some 20 or more drops 
or checks Of standard design :on the Sunnyside canal to prevent 
or reduce excessive scouring and erosion in the light volcanic 
ash soils ~below these structures.,, In paragraph (6), it was 
stated: "You will recall, no doubt, that this matter ~was dis- 
cussed with you at the time of your visit to the project in 
March. I have also conferred With Mr. McBirney and Mn. Warnock 
relative to the problem. It occurs to me that a test on a model 
of this design would be enlightening in reaching a solution." 
In paragraph ~i(9), it was stated.: "It is requested that your 
office make a study of this p~oblem, looking tow~ a suitable mod- 
ification ~o~ these structures, and furnish designs for our use in 
connection with a C.C.C. work program to be undertaken th~s fall 
on at least one drop, such as .no. ~, illustrated iherewi~h," figure 
1 of this report, "which is typical of the worst conditions." 

As a result of 1these :recommendations, the pr6blem of 
the redesign of the check drops :was assigned on July 22, 1938, 
to the hydraulic laboratory of the United States Bureau of Recla- 
mation. At that time, it was decided .to make m6del studies on 
check drop no. ~. The recommended design determined from this 
study may readily be adapted to :the other check drop structures 
since the drops in the ~in canal are of a standard •design 
(figure 2). 

2. The Sunn~side Main :canal. The Sunnyside :di~sion 
of the Yakima project includes about ~I06,000 acres. "Nearly 90,000 
acres are ~now being :irrigated by the Sunnyside Main ~anal, which 
has its diversion dam and headworks near Parker and terminates 
about 75 .miles ~to the southeast, near Acton, Washington ~(figuu'e 3). 
At the time of its purchase by the Reclamation Service, t~e canal 
had a capacity of 650 second-feet at the headworks. ~fte~ I its 
purchase, plans were made to enlarge the canal and increase its 
~capacity to 1,076 second-feet at the ~headworks. This work was 
completed in 1912. From 1917 ~to 1922, additional improvements 
were made, allowing ~the capacity at the headworks to be increased 
to 1,300 second-feet, which is maintained at tBe present time. 
Due to increasing the capacity of .the canal, the-hydraulic gzadient 
was changed, r~sulting in increased velocities and lower water sur- 
face. To meet this condition, 23 check drops ~(figure 2) ~were Lbuilt 
in the canal about two miles apart. These s~zuctur~s raised the 
water surface so that the desired amount of Lwater could !be diverted 
through the adjoining laterals and, at ~the same time, reduced the 
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-velocities in,he carrel. Most ,of the chedk drops were :built in 
the winter of 1907-1908~, and the remaining ones were completed 
during the period 1909"1916. 

3. ~Solution ~by.mo~el :study~, Model studies :are gen- 
erally adapted to give a solution to a hydraulic ~prOblem:when 
there is no analytical" method ~that can be ~pplied ~wi~h ~s~son- 
able accuracy; The scour effect ~of flow through existing small 
drop structures is a pr:0blem of this type. It ~i~ entlmely ~pos- 
sibla, ~howeven, to mako an analytical :study of ~the Itype of ~Zlow, 
for example, ~hydraulic ~ump or standing wave, that exists at 
the drop Structures. ~nen Z~Zis is done, it ;is ~ossible to give 
the reasons Tot their nnsatlisfactory :operation in addition %o the 
reasons ~given as a ~result of obsorvat;ion made ~on the existing: 
st~n~Cture and on ,the :model. In order ito classify ~the ~,part~cu'qar 
type of ;flow that exists at cheek drop no. &, ~t is ~i~rst neces- 
sary to discuss the hydraulic ~.ump and the standing , wave, ~refer- 
ring to :a specific-energy'diagram. 

;h. ~he speciTio-energy diagram. For ~ given discharge, 
a specific-onergy diagram is obtained [by plotting, as abscissae, 

specific ener&v, which is the sum of the veloci~ty ~head, \~ , 
;2g 

and the depth nf flow, d, and plotting, as ordinates, ~d, the depth 
of flow. Figure AC shows the specific-en~rgydiagram ~Tor uheck 
drop no. &. It has been ~plotted for a discharge .of 1,26A second- 
feet through the rectsngular section !having a width of 32.13" feet. 
It must be understood ~that the ~speciTic ,energy .varies with the 
depth of ~flow in a section and is referred to the bottom as a 
datum which may change from section to ~section. At one :particular 
depth of ~Ylow for the given discharge;, the specific energy is a 
minimum. This depth at which a given di'scharge flows with ;a min- 
imum specific energy is called ,critical .depth. ~'' It is now pos- 
sible, by referring to the specific-energy diagram, to trace the 
change of specific energy in ,the Tlow with a change of depth in 
a section. 

5. The h.vdraul..ic ~mmp. Referring to :figures &B and 
4C, it is seen that a ~hydrauliC jump is the phenomenon by which 
rapid flow at a depth, :dl , below critical depth passes in an abrupt 

manner to tranqu.'~l flow at a depth, d2, above :critical depth. The 

amount of spec'.fic-energy head lost in ~the jump is mepresented by 
E 1 E 2. Bow, for a constant cross :section, ~the velocity, :V1, 

above the jump~has :been reduced ito a velocity, V2, ~below the jump° 

The depths id I and d2, upstream and downstream from E he 

Jump, ~respectivel~, are ~ca]!ed :conjugate depths. A definite 
relation ~between ~them may be obtained bY applying the momentum 
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principle. This relation is 

d2 = -  ¢ ' g "-F- 

From this relation, il either depth and ~corresponding velocity 
are known ~or a given discharge, the other depth and correspond- 
ing veloci'ty are readily .determined. lit <is importan t :to remember 
that this relation applies only to a hydraulic ~ump. 

Further study of the specific-energy-d~a~r~ reveals 
that, if, in a .cons%ant cross section, the depth o~ flow.,"~d2., 
.be less than .~,~ there will be.~@ gain ~n specific energy. ~ut, 

if f.he depth ~of flow, d2, be greater than dl, there ~ be ~a 
loss •in specific energy.. In the particular case where the 
increase in depth :above d I passes through critical depth, then, 
as has been i~seen, a':hydra~lic ~ump occurs With a - l~ge loss :in 
energy. It "~wi.Tl- also be observed that, in ~the ~cas~ of a hydraulic 
jump, :~he ratio., d I , is 'muCh less than urLitx. ~TDis is evident 

d2 
since large energy losses %re accompanied by great changes in 
depth. 

6. The standing wave. If sufficient energy is n~t 
present in the flow to cause d I to be below critical depth, then 
the flow is said to be in the tranquil state, usually character- 
ized by st~mding wastes or surface nndul~tions and very small 
energy loss. This phenomenon may also occur even ~ith d I just 

slightly below critical depth. Referring to the specific-energy 
diagram in the region ~bove critical depth, if the depth of flow, 
d2, is less than dl. , there will be a loss in specific energy. But, 

if the depth Of flow., .d2, !be gr, eater than dl. , there will be a gain 
in specific energy~ These energy changes are directly opposite 
to ~hose .encountered in the hydraulic ~ump, and :s~anding waves may 
form with either an increase or decrease in d~o There is no ab- 
rupt change of depth when standing waves exisE, ~s~ ~hat the ratio, 
d_~l' :.is nearlY uni~y. ~pplying this to the s~pecific-cnergy dia- 

d 2 
gram in the region above critical depth, it is seen that the rate 
of change of energy is very small. 

7. Classification. of check drop :no. ~. To dete~n'~ine 
analb~ically the t~e of flow that e~cists ~t check drop no~. & is 
difficult due to the ~act that the losses inherent in the flow 
through ~he structure are not readily determined. It is possible, 
however, to compute the depth of Tlow at the Tlashboards by apply- 
ing Bernouili:'.s ~equation .from th~ canal section above %he drop to 
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the flashbo~rds. Bornoulli"s .equation is :referred ~to a constant 
datum instead of a variable .one, as provided :in the specific- 
energy :relation. 

From obssrved fielddata:: 

Q-= i,:26& cubic feet per second. 
iDepth,of :1~low upstream, do,= 7..10 feet,. 
Depth of flow downstream, d3, ,= ~.35 feet. 
Flashboardsaverage~wo~perpanel :, 

.w 

Writing B~oulli ~' s equation from section 0 to section IF 
(figure ~A) : 

i l) do-/ .%2 . dF .~I ,VF2-/ J_~.O0 / losses: 
'2g 2g 

,V02 
with do:= 7.10 ~feet,~ .= 0.16. 

2g 

:;(The loss~s~are 
small in~h~s 
reach and:maY !bel 
neglocted.~ 

.Also, VFd F = .~,.~scharge :p~r foot-ofwidth, 
feet at:rectangular section.. 

Now, V~F =~.I--~-3~.33 

... VF = 3~33 substituting in ~9., 
'dF , 

/ / i ,  oo:. 

The Width.is 32.13 

2~.05 :(2) 6.26:= d F / _, 
dF 2 

. It is-found, by solving equation i(2~)., that d.,. = 5~o&A 
feet, or d F ~= 12.55 'feet" Critical depth at section F[s obtained 
from the .r.elation 

= , ~ 1/3-= /-(3%33,)2 .~.I/3 = ~..6~ feet. 
dcr 

[Zg. ~' ,--32,~2 L_ J:, 

(Crltical~depth inthe :trapezoidal canal section is d,' = 2.81 
cr 

feet°") It is noted :~hat one ~alue of d F is ,greater than critical 
depth, ~but the o~her-value-is less ~han,critical ,depth. It. 
can readily be seen 'that only one 'value applie.s he.r~. If the 
tail,.water belowthe dro p could be low, red :sufficiently, the 
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depth of flow over 'the flashboards •would :be practically critical 
depth; furthermore,, it .would bm impossible for the ~iow %o pass 
below ,critical depth at 'this ,point ~n its natural tendency to 
fall since .critical de~th ~corresponds 'to Zhe least 9oss~ble 
content of .energy. Any additional ~owering 'of the water surface 
at .the 'flashboards below .critical depth ,would .require energy 
to be added :•from an outside source. Hence, 'the value o'f dF, 

which ~s Ereater than crltIcal .depth, 'applies :here, or d F = ~'5o~ 
feet, 

It has been ,shown that the :following criteria are 
necessary for %h~ formation ~f a !hydraulic .Jump: .(~l) The depth 
of flow upstream from the Jump, dl, must be below critical de,h, 
and the depth of flow downstream :from the Jump., d2, .must ,be :above 
critical .depth; (2.) d2 must '.be ..greater than dl~; "and '(3) the con- 
Jugate depths, d I and d2, must ibear a definite relation .to each 
other. It has also been shown that, when .d 1 and d 2 are above 
critical depth, .standing waves-will form. The .criteria necessary 
for 'the .formation of a hydraulic Jump are not :satisfied at check 
drop no. &-because..: (1) Considering d F 'to .be .similar to ~, 

the depth upstream .from a jump, it has -been Shown that .d F is 
greater than critical :depth:; ~(2~):if., in the conjugate-depth 
relation, we let d F = .d 1 = 5..~ ~eet., then ~d 2 = 2.28 ~feet., ~hich 
is not only less than dF, :but it 'is also less than critical depth, 

'which is ~impossible since :no .energy .has !been addedJ~ro m an outside 
source. The criterion necessary for the existence of standing 
waves is :satisfied at check drop no...~ .because: (1) d F is greater 

than czitical depth; and ;i(2.) the presence of excessive tail-water 
depth at all times :not only results in ~2 :being .abowe critical 
depth, ,but it prevents the .flow from approaching critical depth 
at the Tlashboards. 

8. Comparison of :1.osses. If the losses .inherent in 
the flow~ere known frmn sect~6n ~ to .any other points in the 
check basin a it would be possible to write ~Bernoulli~'s equation 
to determine 'the depth of 'flow .at these points, With this~data, 
the loss of specific energy could .be determined ,through the 
structure. It ~is known, ~however., that .the loss of specific .energy 
in a standing wave is about five percent~ The loss of speci~fic 
energy in a hydraulic .jump was :seen previously to !be much ;greater. 
Assume that., ~t •check :drop no. '&, sufficient energy is a~lable 
to form a !hydraulic Jump.' ..Then, ~le~t d~ = LtO feet, and~ if ..the 
discharge is 1,26& second-feet, \VI = :26.21 :feet :per .second. The 
conjugate depth, therefore., will .be d 2 = 7~30 .feet with a velocity 
V 2 = '5..38 .~eet per second (figure ~~B).. 'Now, ~ .= '12.30, and E 2 = 

7.;76; the loss ~ - ~ = &.5~ (figure ~C). The loss in energy ~willbe 
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A.tA x i00, or 36;8 ~rcent as compared to about!5 !percent 
12.30 

in a standingwave. 

9. The hydraulic lump compared to standinK wave at 
check drop :no' ~&. In present-day designs of small drop struc- 
tures, the hydraulic jump :is usually adapted ;tO dissipate the 
energy of the flow as it passes 'through :the ~structure. It ihas 
just been shown that, ~when this is done, the energy of !,the flow 
is not only greatly dissipated, but the velocity of the flow is 
considerably reduced. For best efficiency, the ~hydraulic Jump 
is confined in a rectangular stilling pool, which usually in- 
cludes dentated sills or teeth to aid in the formation of a 
uniform Velocity distribution below the jump. If the canal 
section is riprapped for a short distance downstream ~frcm the 
stilling pool, very little scour, ~ii' any., will ,occur in ~the 
canal. B~t severe scour will occur downstream from a drop 
structure, even though a hydraulic/Jump forms, when the jump 
is not properly confined or centre}led. Many iproblems of this 
nature have been corrected bymodel studios. 

Unfortunately the design of check •drop no. ~, and 
similar drop str~ctures in the Sunnyside Main canal, provides 
but little energy dissipation to the flow. The classification 
above showed that standing waves form Which dissipate only about 
five percent of the specific energy in the Tlow. Under this 
condition, the velocity reduction is ~very little:; hence., the 
canal downstream is subjected to velocities which are excessive 
for the fine material, volcanic tuff, through which the Main 
canal flows. Observations of the protot3~pe and model reveal that 
these velocities are concentrated near the center of the canal. 
Further observations • made on the model, discussed more fully 
below, disclose : (1) That, as a result of the nonuniform velocity 
distribution, large eddies form along the ~sides of the :canal, 
which have sufficient velocity !to cut into ,the canal banks and 
produce the excessive scour that exists downstream ~from;most of 
the check drops in the ~Main canal; (2) that, even though the 
standingwaves at the drop were confined within a rectangular 
stilling ~ool :provided with teeth, there was very little improvement 
in the flow; and (-3.)~that riprap placed along the canal banks :below 
the drop structure was washed into the canal. 

i0. The model. The model of check drop no. A was 
built ,to a scale of i :to 15 (.figures 5-and .6),. The drop ,struc- 
ture-was constructed of redwood, and ~the steel brackets were 
made of light-gage sheet metal, .The drop structure-was 21- 
stalled • in-a .large, ,metal-lined box,-which provided sufficient 
length of approach upstream Efrom the drop and sufficient width 
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and !cngth ~ownstremz so that the scouring of the canal would not 
be restrained. Gages were installed to measure the depth of flow, 
which was controlled upstream by flashboards and downstream by a 
tail gate. Because the model velocities were considerably less 
than the prototype velocities, it was necessaryto use, in the 
model, the finest sand available to reproduoe the prototype scour 
which occurs in the volcanic tuff. A sieve analysis of the model 
sand is shown on figure 7. 

ll. The initial scour test. The purpose of the initial 
scour test was to make careful observations of the flow and scour 
in the model for comparison with the prototype. It was necessary 
to be certain th%t the model would reproduce qualitatively the 
prototype conditions before additional tests were made to deter- 
min~ a reconmended design. For the initial test, the model was 
run for 26 hours at a discharge representing 1,300 second-feet. 
During this time, the number ~nd symmetry of the flashboards and 
the tail-water dcoth were changed at intervals. At the time of 
the initial test, sufficient data were not available to determine 
the exact field relation between the depth of flow upstream and 
downstream for a certain discharge. Accordingly, during the in- 
itial scour test, the depths of flow were varied so that the model 
flow conditions at the drop would approximate those as witnessed 
in the field and as shown on available prototype photographs. 
It was determined, at a later date, upon receipt of observed 
field data, that the depths of flow maintained in the model were 
slightly less than observed depths. This had no effect on the 
final analysis. Figures 8 and 9 show the model in operation and 
the scour at the completion of the test. 

12. Analysis of initial model test and comparison to 
protot,vpe. As a result of the studies made from th~ initial test, 
it became evident that the following existing conditions had to 
be removed in order to have a satisfactory design: (1) Uneym- 
metrical flow distribution through the drop structure; (2) stand- 
ing waves and excessive velocities below the drop; (3) eddies along 
the side Of the canal immediately below the drop; and (&) scour 
to the canal. 

The model showed that the poor approach condition to 
thedrop structures was due to the wing wallsbeing at right 
angles to the direction of flow. This caused ~ drawdown or 
dished effect as the flow entered the panels on each side of 
the structure (figures 9A and 18A). After passing over the 
flashbo~rds, the flow a]onF the side walls surged upward and 
became partially submerged by the return flow of the side eddy 
mentioned below. This disturbance caused anunbalanced con- 
dition in the region of the standing wave and further aggravated 
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FIGU!~E 8 

A. SCOUR AFTER 21 HOURS - DISCHARGE 1300 ~ECOND-~ 
U ! ~  WATER SURFACE ELEVATION 886.25 

DOWNSTREAM WATER SURFACE ELEVATION 884.55 
FOUR FIA~IBOARDS ~ PASSEL 

B. SCOUR AFfER 26 HOURS 
MODEL ELEVATION i00.0 EQUALB !~ROTOTYPE ELEVATION 8??.55 

E~ISTING STRUCTURE 



FIGURE 9 

m _  

A. SCOUR AFTER 21 HOURS - DISCHARGE 1300 SECOND-FE~ 
U ~  WATER SURFACE ELEVATION 886.25 • 

DGWNSTRFAM WATER SURFACE ELEVATION 884.55 
FOUR FI-ASHBOARDS PER PANEL 

B. 8COUR A/TK'R 26 HOLRS 
MODEL ELEVATION i00.0 EQUALS PROTOTYPE ELEVATION 87V.55 

EXI~I~ ~CTURE 



the poor flow distribution extending downstream (figure 8A). The 
flow through the other p~nels was symmetric%l, but it had a ten- 
dency to pile up on the upstream face of the steel brackets and 
remain split as it plunged into the check basin. This disturbance 
did not prevail after the flow had reached the region of the 
standing wave (figure 8A). 

Th~ standing wave, as discussed on page 8, formed 
over the check basin (figures 8A and 9A), and additional waves, 
accompanied by excessive velocities, extended downstream about 
150 feet. The higher velocity flow was concentr%ted near the 
center of the canal, but, on each side of the canal, starting 
at a point about 75 feet below the drop, the direction of flow 
was upstream. This peculiar combination of flow downstre~m at 
th~ center of the canal and upstream along the l½ to 1 side slopes 
formed a large eddy along each side of the c%nal (figure 8A). 
Theupstream component of these eddies had sufficient velocity 
to cut into the canal banks and produce excessive scour. 

The scour in the model appears to be more severe than 
in the prototype, as shown on figures l, 10, and ii. This was 
expected since the sand in the model was more saturated and less 
compacted than the material in the field. The scour to the rip- 
rapped canal bottom for a distance of 20 feet do~stre~n from the 
drop was not excessive, but, beyond this point, the canal b~ttom 
was hea,zily scoured. Observations on the model revealed that, 
as the flow passed over the flashboards, it was rartiaily deflected 
upwards by the weir wall at the lower end of the check basin. 
This had a tendency to reduce th~ amount of scour just below the 
drop. But, as the flow passed downstream to the end of the rip- 
rapped transition, high velocities prevailed along the bottom of 
the canal, which scoured a large hole (figure 9B) into which the 
riprap near this region was deposited. This may explain the 
reason why the riprap at the prototype structure is continually 
washed into the pool below the drop. 

It will be noted that the scour pattern in the model 
(fi&mre 8) is symmetrical about the center line of the canal 
whereas the scour at the prototype (figure I) is on the left 
side of the canal. This difference in scour pattern is due 
principally to the fact that there was no curvature in the canal 
alinement in the model above or below the drop structure whereas 
the canal curves to the left upstream from the prototype drop 
structure and to the right downstream. Another Itactor contributing 
to the prototype scour pattern has been the method of placing the 
flashboards° These have been placed unsymmetrically so as to 
divert the flow from the scoured section of the canal. The model 
showed definitely, however, that scour will be excessive below 
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FIGIYRE ii 

A. SCOUR AI~21 HOERS- DISCHARGE 1300 SECOND-FEET 
UI~WATER SURFACE ELEVATION 886.25 

DOWN~WATERSURFACE ELEVATION 884.55 
FOUR FIA~0ARDS PER PANEL 

B. SCOUR AFYER 26 HOURS 
MODEL ELEVATION i00.0 EQUALS PROTOTYPE ELEVATION 877.55 
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the~rop regardless of the alinement in the canal, the compact- 
ness of the material, or the symmetry of the flasNboardso 

13. Model tests leading to the recom~.eDded design. 
BefOre a satisfactory solution to this problem could be obtained, 
it was necessary to investigate many designs in the model and use 
the best features of each. Each design investigated was tested 
with various discharges, tail-water depths, and flashboard ar- 
rar~gements. Careful study was made on the performance of each 
design especially at uaximnm discharge since, at that discharge, 
the most unfavorable conditions existed. Before studies could 
be made on the elimination of the standing waves and excessive 
velocities, it was necessary to make the flow symmetrical at the 
approach and below the check basin. To improve the flow at the 
approach, the steel brackets were Streamlined (figure 12J), and 
curved training walls were added to the wing walls (figure 12B). 
The flow was improved to such an extent that curved training walls 
were adapted to succeeding designs since they eliminated the draw- 
down or dished effect in the flow at each side panel. Although 
the streamlining to the brackets improved the flow, it was found 
later that the streamlining would not be required. To improve 
the flow below the check basin, a rectangular stilling pool was 
formed by extending the vertical side walls downstream (.figure 
12B). This prevented the return flow of the side eddies from sub- 
merging the ~in stream as it left the check basin. 

~':ith the symmetry of the flow greatly improved through 
the drop structure, it was possible to make a careful study of the 
flow to determine the procedure necessary for the elimination of 
standing waves and excessive velocities. Observations revealed 
that, as the jet plunged over the flashboards into the check basin, 
it did not closely follow along the stilling-pool floor but was 
deflected upwards by the weir wall at the downstream end of the 
check basin. This condition caused most of the higher velocity 
flow to be concentrated near the surface, which made it not only 
difficult to eliminate the standing waves but made teeth in the 
stilling pool (figure 12B) ineffective in dispersing the high 
velocity. If the jet could be made to follow the ,stilling-pool 
floor, it would be possible to greatly reduce the tendency for 
standing waves to form, and teeth would have some effect on the 
velocities. To accomplish this, the design shown on figure 12C 
was tried. In this design, a sloping apron was placed between 
each pier from the top of the upstream weir wall to the top of 
the downstream weir wall of the check bas~. As a result, the 
entering jet had a tendency to follow the stilling-pool floor. 
This tendency was sligDtly increased when slide gates were used 
at the steel brackets instead of fl~shboar.ds (figure 12C). With 
slide gates in place, the direction ,~ad the velocity of the jet 
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were more nearly parallel to the apron between the piers. The 
teeth in the stilling pool were now more effective, and it ~s 
noted that the velocities below the drop were sllght~ly less. For 
small discharges, the standing waves were part~ially eliminated, 
but, for maximum discharge, it was necessary %o raise the :sllde 
gates to such an extent that the jet no longer followed the apron 
into the stilling pool. As a result, the standing waves still 
formed. This design, however, was improved by providing more 
depth of stilling pool and increasing the slope of the apron 
(figures 12D and 12E). With these improvements, the tendency 
of the jet to follow the apron into the stilling pool was fur- 
thor increased. This rendered the teeth still more effective, 
and the velocities were further decreased, especially with the 
added depth of pool. The standing waves still persisted, however, 
as in the other designs. 

?~en it was seen that the velocities below the drop 
decreased with an increase in pool depth and the tendency for 
the jet to follow a steeper apron was more favorable, the design 
shown on figure L?F was investigated. This provided still greater 
pool depth but added a bucket. The bucket has, in certain in- 
stances; been successfully used to dissipate energy by creating 
a large roller in the flow. If proper tail-water depth is ~fur- 
nished~ the b~cket may produce good results; otherwise, the roller 
will cause excessive boil or be drowned. It was hoped that the 
jet would follow the 1 to 1 slope into the Bucket and result in 
the formation of a roller instead of the standing wave. This was 
not realized, however, because, wheI~ normal tail-water depth was 
maintained, which was necessary to prevent excessive boil, the 
jet failed to followthe slope into the bucket sufficiently to 
eliminate the standing waves. The velocities below the pool were 
still excessive. This design was improved in one respect by 
placing a deflector at the steel~brackets (figure !2G). The 
deflector forced the Jet to follow the slope into the bucket so 
that the standing wave was completely eliminated; however, the 
velocity of the entering jet was increased as it passed under 
the deflector, and this caused excessive boil in the pool in 
addition to excessive scour and velocities downstream from the pool. 
Although the use of a bucket did not warrant further study, ad- 
ditional study was made in an attempt to ma/~e the jet follow a 
slope into a stilling pool without using a deflector. The de- 
sign shown on figure 12H provided an ogee crest, which more nearly 
fit the trajectory of the entering jet. The j~t followed the 
ogee crest surprisingly well at maximum discharge and for all 
ranges of tail-water depthl, B1%t, if flashboards were added, 
the trajectory of the jet/jw~s changed, and the flow then oscil- 
lated between following t, he ogee crest and forming a standing 
wave. The use of slide gates also changed the trajectory of the 
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jet %t maximum discharge and at lower discharges, and, even though 
slide gates or flashboards were added, the standing wave still 
formed. Velocity reduction was again impossible. 

The best features of the designs just discussed were 
the deflector, which elimd.nated the standing w~_ves, and t~he deeper 
stilling pool, which caused a reduction in the velocities below 
the drop. Additional investigation using these features was 
not ~arranted on the latter designs since the cost of changing 
the existing structure would be excessive. }~rther study was 
made, therefore, using the deflector and deeper stilling pool 
with a minimum change to the existing structure. Figure 12I 
shows this revisions which was developed to give a satisfactory 
recommended design. 

l~. The reco.mmende.d design structure. The recommended 
design (figures '13 and 1A) requires the removal from the z~isting 
structure of the downstream weir wall of the check basin and part 
of the vertical side w~lls (figure 19), Curved training walls 
are added in the approach, and the vertical side walls are 
lengthened to form ~ stilling pool with a concrete floor on 
which eight b:n/fle piers are placed. A deflector is added above 
the check basin, consisting of timbers supported by a structural- 
steel framework attached to the existing steel brackets (figures 
19 and 20). ~%ere it is possible in the field, the canal sec- 
tion at the stilling pool may be built in as sho~m: on figure 13. 
In any event, it is necessary to place riprap 15 feet below the 
pool on the canal banks and along the bottom, either on a 5 to 1 
slope or at elevation 872.55. If backfill is not placed along the 
stilling-pool walls, additional riprap beyond that existing will 
not be required in the transition. No backfill or riprap is 
required in the heavily scoured banks of the c~.nal beyond the 
stilling pool. 

15. Flow th_rgu~h the rsconmended de si~r~ By placing 
curved tra&ning wal~is in the approach and ~dapting a deflector 
and stilling pool at the check b~sin~ the recommended design has 
eliminated the following unfavorable conditions that exist at the 
prototype: (I) Unsymmetric~.l flow distribution through the drop 
st:uActure; (2) standing waves .and excessive velocities below the 
drop; (3) eddies along the side of the canal immediately below 
the drop; and (1) scour to the canal. 

The addition of curved training walls in the approach 
results ~n a uniform •depth of flow at the entrance to the .drop and 
below the check •basin (fi~re~ lAB, ll~C, and 18). Present design 
practice usually adopts a w~mped transition where the section of 
a canal changes from trapezoidal to rectangular. This automatically 
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provides uniform depth of flow at the rectP.ngular section. The 
curved training wulls were adopted, however, to keep the cost of 
revision to a minimum. Streamlining of the brackets ~is not neces-. 
sary since the forward velocity at this section is reduced by ~he 
deflector. As the flow passes over the f~.shboards, instead of 
a standing wave forming, the jet shoots under the •deflector and 
follows the stilling-pool floor. The deflector is so placed that 
the maximum discharge can be passed at normal tail-water d~PthS 
without any splashing occurring over the deflector or excessive 
depths forming upstream. Additional discharge may be passed in 
the event of a cloudburst or similar cause. If 1,2o~ second- 
feet are flowing and the tail water is maintained at elevation 
88@.90, the discharge may be increased to 1,525 second-feet before 
the flow spills over the deflector. The ~water surface upstream 
would then be at elevation 886.56. If the discharge is 1,26~ 
second-feet and the tail-water depth is allowed to increase 
with the discharge, the structure will pass 1,~90 second-feet 
before the flow tops the deflector. The water surface upstream 
would then be at elevation 886.60, and the tail water would be 
at elevation 885.13. The flashboards in place for these two con- 
ditions are 3-2-2-1-2, right to left looking downstream. 

As the flow p~sses under the deflector and along the 
stillLng-pool floor, it is diffused in the t~.il water, and its 
velocities are ~reatly reduced by the baffle piers. It is dif- 
ficult to classify the •type of flow existing in the stilling 
pool, but, from the ~nalysis previously made, it is evident that 
s. hydraulic jump cannot form. A roller, however, is created in 
the pool by the action of the baffle piers so that the flow could 
be called a submerged roller. The reduction in energy head and 
velocity depends on the depth of pool and the baffle piers. The 
effectiveness of this combination to give smooth flow conditions 
under the. ex~ing circumstances only is seen on figures 15A, 
16A, az:~ 17A. In the scour test discussed below, it was ob- 
served that, although the tendency to scour was not increased 

when the flashboards were placed unsymmetrically, the stilJing 
~ool operated more efficiently and better velocity distribution 
could be obtained when the flashboards were symmetrical. The 
prototype structure has been operated with such flashboard ar- 
rangements as 6-6-A-2-2 to divert the flow away from the scoured 
section of the canal. The function of the stilling pool in the 
recommended design is to produce uniform flow distribution below 
the drop, but it is necessary to avoid placing the flashboards 
unsymmetrically if the efficiency of the pool is to be maintained. 

A scour test was made on this design similar to the 
one made on the model of the existing structure. At the end of 
26 houl's, the scour in the model was slight (figures IOC, 15B, 
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A. ~0~R AYI~R 21 HOURS - DI~E 1300 ~C0ND-FEE~ 
URERFAM WA~ER SURFACE ELEVATION 886.35 
D ~  WATER SURFACE ELEVATION 884.55 

1~ua FLAmm0ARDS Rm RU~L 

B. S00DR AFTER 26 HOURS 
MODEL ELEVATION i00.0 EQUALB PRCTOITPE ELE~TION 8?7.55 

RECOMMENDED DF~IGN 



F~GURE~6 

A. DISCHARGE 1264 SECOND-FEET 
UPSTREAM WATER SURFACE ELEVATION 88~.90 
DOWNSTREAM WATER SURFACE ELEVATION 884.90 

FI~HBOARDS 3-2-2-1-2 RIGHT TO LE~T LOOKING DOWNSTREAM 

B. SCOUR AFT~,n~ 26 HOURS 
MODEL ~EVATION lO0.0 EQUALS PROTOTYPE ELEVATION 87'[o~9 

RECOMMENDF~9 DESIGN 



F GLmE 17 

A. SCOUR A/TER 21 HOURS - DISCI~LRGE 1300 SECOND-FEEl" 
UPSTREAM WATER SURFACE ELEVATION 885.22 

DOWNSTRFA~ WATER SURFACE ELEVATION 883.95 
FIASKBQA/~DS 1-2-1-2-1 

B. SCOUR A/TER 26 HOURS 
MODEL ELEVATION I00.0 EQUAIS PROTOTYPE ELEVATION 877.55 

P.EC CIV2CENDED DESIGN 
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16B,.and 17B). The scour in the riprapped section Just down- 
stream from the stilling pool was slight (fig1~re 16B). This 
demonstrates the ability of the teeth Inthe stilling pool to 
reduce the velocity along the bottom of the canal. The scourat 
the side slopes, starting about 125 feet ;below the d~op, was.due 
to a sloughing of the material at $~e start of:the itest andnot 
due to excessive velocities. Before the c a~al was rebuilt for 
this test, obse~.vations were made to see what effect theflow from 
the reconm~endeddesign structure Would have upon the scoured canal 
section actually existing in the field. It was observed that, 
although eddies formed in the wide section of the scoured canal, 
their velocity was reduced to such an extent that cutting into 
the banks was stopped. A tendency to scour could not be ob- 
served ~t any point. At theexisting structure, the velocities 
are greater near the center of the canal than at the sides. This 
con&ition, it was seen, caused side eddies to form. Below the 
recommended design pool, ho~.:ever, the velocity distribution is 
uniform. Under this condition, extensive side eddies do not form, 
and the tendency to scour is removed. Small eddies do form, how - 
ever, just at tDe end of the riprapped section, but they extend 
only about 15 feet do~g~strep~, and their velocity is notsufficient 
to scour the canal banks (figure 15A). This condition coul~ihave 
been eliminated if it had been possible to use a warped transition 
from the rectangular stilling pool to the trapezoidal canal sec, 
tiono The cost of using a warp would be excessive, however, s~nce 
it ~uld first be necessary to rebuild the scoured canal section. 

16. Conclusions. The design developed from this mcdel 
stu<vis recommended for application to the standard drop struc- 
ture of the Sunnyside Main canal. The recommended designwas 
developed from certain conditions of flow ~xisting in the canal. 
Care should be exercised in app~lying this design to other struc- 
tures where the flow conditions and other factors are not the 
sa.me. 

This model study reveals the need for better designs 
of small drop structures. In future problems of this type, the 
following recommendations may lead ~o a better design: 

(a) ~'~en a section of a canalor charn~el changes from 
trapezoidal to rectangular or vice versa, it is desirable to 
use a warped transition and one in ~ich the change in cross 
section is not too abrupt. If this is not possible where a sec- 
tion changes from trapezoidS, to rectangular, add curved train- 
ing walls where the flow enters the rectangular section. 

(b) Hydraulic structures should be designed and operated 
so that the flow passLng through them~ll be symmetrical; 

r: !! 

i 

j 



otherwise an unbalanced condition forms, p~ticularly in the 
flow below the structure. This results in the formation of ed- 
dies and creates nonuniform velocity distribution, the combina- 
tion of which my cause abnormal scour downstream from tl~e • 
structure. 

(c) Avoid the use of forming a hydraulic jump or similar 
energy dissipator in expanding or trapezoidal sections. A rec- 
tangular stilling pool should be used. 

(d) When a series of small drops is planned, an attempt 
should be made to eliminate certain ones or increase the reach 
between. If this can be done, the head on any particular struc- 
ture can be increased so that a hydraulic jump can be adapted at 
the drop. 
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7-16-38 

7-2538 

S-8-38 

9-28-38 

!0-A-38 

10-12-38 

10-19-38 

3_I-22-38 

12-21-38 

!-A-39 

ABS.~ACT OF CORRF~PONDENCE 

From Superintendent, Yakima project, to Chief Engi- 
nser, regarding proposed reconstruction of check drops 
on Sunnyside Main canal. 

Memorandum from H6 R~ McBilmey to Chief Designing En- 
gineer, recommending a limited program of model testing. 

From Chief Engineer to Superintendent, Yakims project, 
stating that the redesign of check drops has been as- 
signed to the hydraulic laboratory. Status of model 
design and outline of model tests given. 

From Chief Engineer to Superintendent, Yakima project, 
stating that model tests have started and requesting 
prototype flow ~Id scour data at check drop no. h. 

From Superintendent, Yak~ma project, to Chief Engineer, 
stating that prototype flow data ~t check drop no. 
will be taken during the remainder of the irrigation 
season. Scour data will be taken at end of irriga- 
tion season. 

From Acting Chief Engineer to Superintendent, Yakima 
project. Progress report of model studies and request 
for available prototype flow data. Plan to remove 
alternate drops submitted. 

From Acting Superintendent, Yakima project, to Chief 
Engineer, stating objections to plan for removal of 
alternate drops. Available prototype flow data sub- 
mitted. 

From Acting Superintendent, Yakima project, to Chief 
Engineer. Prototype flow data and cross sections of 
canal at check drop no. A submitted. Error in data 
in letter of 10-19-38 noted. 

From Chief Engineer to Superintendent, Yakima project, 
stating that the model studies have been completed 
_and the recommended design is being detailed. Re- 
quest ~%de for prints of photographs at check drops 
no. A and no. 8. 

From Acting Superintendent~ Yakima project, to Chief 
Engineer. Photographs of check drops no. A and no. 8 
submitted. 

I 
/I 

36 


