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that now being carried, As the demand increased, larger .quan-

were constiucted in the canal, The scour downstream from -at least.
+the drops .were constructed. The first :two were designed for:a

1ing ‘1,300 second-feet. Attempts to :atop this scour have been
‘er than ‘the rnormal -width, -and Surerintendent Moore -says ithat the

'is concentrated in the center of :the canal, and the ‘high wvelocity
.prevails for several hundrec feet downstream with little diss:.pan

-an ‘inflow of water on. each ‘side 'near ‘the ‘structure, 'This"in-

place ‘that :carried away by the high-velocity stream; and :f 2) -as

‘model study -of a2 typical structure. It is believed:that the major- .
ity of the faults.can:be remedied by extending -the abutment wall

‘Denver, ‘Colorado, Februa.ry 28, 1939,
' _Wechninal Libr nr'r
Buranu of Rociamation .

HEMORANDUN .TO :CHIEF DESIGNING ENTZINEER Denver ‘Gol orads
0

‘(H. G. Dewey, Jr.)

Subject: tﬂ.echa-s:i.gn of check drops - Sunnys:.de Ma.in canal - JYa‘kima ‘
‘project, ‘Washington, -

1. Introduction, This report deals with the model
studies made on check drop.no. 4, .In‘the report .of:an inspgc-
tion trip +to the Yakima vroject from May 25 to. June 6, 1938°
{memorandum ‘to Chief Enpineer, August -8, 1938, (HYD-B'?) ‘by ‘Engineer
J. E, Warncck), mention was made of ‘the exceasive :8cour and ‘poor
flow conditions existing at most of the check drops in the :
Sunnyside Main canal. .In‘'that report : (paga B}, it was :atated:"
"The original designed capacity of the canal was much. less than

tities were handled. The resulting increase of veloclt_,r scoured
the canal ‘to such :an extent that -a.series of 23 .or 2. cleck drops

18 ‘of these .drops has 'been a:source of ‘continuous trouble .since
capacity of 1,076 second-feet -and, for imany “years, have been: hand- |

primam.ly by :riprapping, but Iittle or:no improvement has been
accomplished. At drop.no. 2, the width-of ‘the. .candl -a :ahort dis-
tance downstream from the Btructure is :at least -50 percerit .great-

hole ‘in the center is about 15 feet deap, The -3ize of the hole
scoured below these :structures is excessive :considering ‘the very
small amount-of .drop. The stream of water through - the contral’

tion, -As the high-velecity water leaves -the drop, there is a
difference_ in :water level .due ito'the velocity head. This causes

flow ‘is harmful:; (1} as ‘it causes.a heavy flow upstrean ito .re-

it disrupts all ‘tendency -toward ‘the fommation of a hydmulic Sump,
To-completuly solve this _-;rcblem, it will ‘be .necessary to make a

sufficiently far downstream.so that the adjacent weter .will mnot be
drawn ‘into ‘the ‘stream, :and -2 hydraulic jump is :permitted do form,
The intermediate -training walls were included in ‘the Marshall Ford
stilling pool .for this :same -purncse, The flow- -conditions through
the structure itself can be greatly improved by st.reamhmng the
ateel brackets wh;ch supnort the flashboards."
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‘On July 16, 1938, the Superintendent of the Yakima
prcject submitted a letter to the Chief Engineer, requesting
that a study ‘be made of this problem, In paragraph (1) 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 scme 20 or more drops
or checks of standard degign on the Sunnyside cangl to prevent
or reduce excessive scouring and erosion in the light volcanic
ash scoils ‘below these etructures," In paragraph (6), it was
stated: "You will recall, no doubt, that this matter was dis-
cussed with you at the t:me of your visit to the project in
March, I have also conferred with Mr, McBirney and Mr. 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 (9), it was stated: "It is requested that your
office make a study of this problem, looking tow:'xd a suitable mod-
ification -of these structures, and furnish designs for our use in
connection with a C,C.C. work program to be undertaken this fall
on at least :one drop, such as no, 4, illustrated herew1th " figure
1 of this report, "which is typical of the worst conditlons "

As a result of these recommendations, the problem of
the redesign of the check:drops was assigned on July 22, 1938,
to the hydraulic laberatory of the United States Burcau of Recla-
mation, At that time, it was decided to make mbdel studies on
check drop no. 4., The recommended design determined from this
study may readlly be -adapted to the other check drop structures

since the drops in the Main. canal are of a standard design
(figure 2). :

2. 'The.Sunnyside Main .cangl, The Sunnyside division .
of the Yakima proaect includes about 106,000 acres. ‘Nearly 90,000
acres -are now :being irrigated by the Sunnwslde Main -canal, whlch
has its diversion dam and headworis near Parker and termlnates
-about 75.miles to the southeast, near Acton, Washington(figure 3).
At the time 'of its purchase by the Reclamation Service, the canal -
had a capacity of 650 second-feet at the headworks. After! 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
vere made, allowing :the capacity at the ‘headworks to be increased .
to 1,300 second-feet, which ‘is maintained at the present time,
Due to increasing thu ccapacity of the canal, the -hydraulic gradient
was changed, resulting in increased velocities and lower water sur-
face, To meet this condition, 23 check drops (figure 2) were built
in the canal about ‘two miles apart, These structures raised the.
water surface so that the desired amount of water could be diverted
through the adjoining laterals and, at -the same time, reduced the
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. veloczties 1n'the canal Most of the check drops were bullt 1n
the winter of 1907-1908, and ‘the ramaining ones were campleted
during the perlod 1909-1916

3. Solution oy model study. Model studies are gen-
erally ‘adapted to give a solution to .a hydraulic iproblem when

there is no analytical method that can be applaed‘wzmh'reasonw
able accuracy., The scour offect :of flow through existing 'small
drop structures is a problem of this type., It is entirely pos-
sible, ‘however, to mekc :an analytical :study of the ‘type of flow,
for example, ‘hydraulic jump or standing ‘wave, that exists at-

‘the drop :structures, 'When this is done, it is_possmhle to give
the reasons Tor their unsatisfactory operation in addition to the
reasons ;given as a 'result ‘of .obsorvation made -on the existing. -
structure and on the model, In order to classify the particilar-
type of Tlowithat exists at -check drop mo. k4, it is {irst neces-
sary +o discuss the hydraulic jump and the standing wave, refer— _
Ting to-a: spec1flc-energy diagram.

e The specific-energy diagram diagram, For a given discharge,
a. spacmflc-epergy diagram is obtained by plotting, as abscissae,

specific energy, which is the sum of the velocity ‘head,’ Vzr.,
25
and ‘the .depth of flow, d, and plotting, as ordinates, :d, the depth
of flow. TFigure 4T shows ‘the specific-energy diagram for check
drop no, 4. It has been .plotted for a -discharge .of 1,264 second-
feot through the reetangular section having a width-of 32.13 feet.
It rust ‘be ‘understood that the sp901f;c .energy varies with the
decth of flow in a section -and is referred to the bottom as a A
‘gatum which may change from section -to: -section, At one part;cular
‘depth of Trow for the given dlscharge +the specific energy is a
minimum, ‘This depth at which & giwven discharge flows with .a min-.
imum specific energy is:called "ecritical depth.”" It is now pos-
§ible, by referring to the specific-energy diagram, to +race the
change of specific energy 1n the ‘flow with a .change -of depth.ln
a section,

5., The hvﬁraullc ‘jump., Referring to figures 4B and
4C, it is seen that a hydraulic jump is the phenomenon by which _
.rapld flow at -a depth, d s below. critical depth passas in an asbrupt
manner -to tranquil -flow at a. ‘depth, .d,, above :critical depth. The .

amount of .specific-cnergy head lost ln ‘the jump 1s.represented by
E) - E,. .Now, for a:constant cross section, ‘the velocity, ¥y,

.above tne jump ‘has been reduced to ‘a velocity, V5, below the jump.

The depths d; -and d,, upstream and . downstream,from the

 jump, respectively, are called conjugate depths, A definite
‘relatlon between them may be ‘obtained by applying the momentum
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principle. This relation is

R BN B SR
=2 NTE TR

From this relation, if either depth and :corresponding velocity
are known for -a given discharge, the other depth and correspond- -
ing velocity are readily determined. - It is important to remember
‘that this relation applies only. to a hydraulic jump. - -~

Further study of the specific-energy diagram reveals ’
that, if, in.a constant cross section, the depth of flow, d2 S
be less thand,, thers will be-a gain in gpecific energy, But,
if the depth of flow, d,, be greater than dy, there vill be.s
loss in specific energy. In the particular -case whare the -
increase in depth #bove dl passes through critical .depth, then,
as has been ‘seen, a hydralillic jump -occurs with a-large loss in

energy. Tt will also be observed that, in the tase of a hydraulic

jump, the ratio, dy , is much less than unity. “This is evident

ds o
since large encrgy losses gre accompanied by great changes in
depth, :

6. The standing wave. If sufficient energy is not.
present in the flow to cause dy to be below eritical depth, then
the flowis said tc be in the tranguil state, usually character-
ized by standing waves or surface undulations and very small
energy loss. This phenomenon may also .occur even with dq just
slightly below critical depth. Referring to the specific-energy
diagram ‘in the region sbove critical depth, if the depth of flow,
dp, is less than dy, there will be a loss in specific encrgy. But,
if the depth .of flow, .d, be greater than dy, there will be a gain
in specific energy. These energy changes are directly opposite
to those encountersd in the hydraulic jump, and standing waves may
form with either an increase -or .decrease in d,, There is no ab-
rupt change of depth when standing waves exist, so that the ratiu,
.dl » is nearly unity. Applying this to the specific~cnergy dia- .

ds

gram in the region above critical depth, it is seen that the -raté'.
of change of .anergy is very smail, : o

7. Classification of check -drop no. 4. To deteriine
-analytically the Lype of flow that oxists. ot check drop no,. 4 is
difficult due to the fact that the losses inherent in the flow
through the structure are not readily determined, It is possible,
nowever, to compute the depth or flow at the flashboards by apply-
ing Bernoulli's .equation from thz canal section a2bove the drop to




the i‘lashbo..i‘ds " Bernoulli's: aquatlnn is referrad ‘oo g% consta.nt
datum .instead of -a variable .one, as nronded in the Spec:L:i'lc— ‘
snergy relation.’ : .

Frdm obsarved f:.eld ds.ta'

Q= l 261; cubic feet per sacond :
Depth ‘0f Tlow upsiream, dg, = 7.10 feet. .
Depth of flow dowmstream, -d 35 = 17,35 feets
Flashboards average two ‘per panel. - :

Writmg Bemoullz's -equation from sect:.on 0o sectlon F
(f...gure INOE , , ‘
V2 Vg2 . L L
.(1‘) dg ,l - .dF';;l F -# 100 £ losses, {The lcsses ‘are’ -
2 28 _ . Small ‘in this
‘ ' .- reach and may be
' neglected.)
with dy = 7.10 feet, —o_. = 0.16,
- 28 | , o
Also, Vidy ® q, dischargé per foot of width. The width is 32,13 - g
S feet at rectangular section, e

Now, Vpdp = %:é.% =39.33 .

Vg s_g_g_g;?‘.. » substltutz.ng in (1),
F

7,10 # 0,16 = dg f .?.’LSE_ 7 ;:L'..oci.-

(2) 6.,26=

Fr=—"%"
dp
It s iound by solving ¢quation (2) N that Ao = Salk '

feot, or dg = 2,55 feet., OCritical- depth a.t section F is obt,alned
from the- relation _

13 - ' :_/3 : '
4 o= ['q ’; = (39, 33")’-23_‘ = 3.6L feet.
] 3. 2 S

(Cr:n.'blcal depth in ‘the trapemida.; canal section is df ‘=”'2..'81"

feet,) It is noted that one value of dy is greater ,than critical
depth, ‘but the other -value ‘is less than critical depth, It '
can readily be seen that only one value applies here. If the
tail -water ‘below the drop could be lowered sufficiently, the




depth of flow over ‘the flashboards would be practically critical
depth; furthermore, it would be impossible for the flow to pass
below critical depth at this point in its natural tendency to
fall since .critical denth :corresponds ‘to the least possibie
content of :energy. Any additional lowering of the water surface
at the flastiboards balow critical depth would require energy

to be added from an outside source. Hence, the vilue of dg,

which is greater than critical depth, ‘applies here, or dp = 5,41
feet.

It has been shown that the following criteria sre
necessary for the formation cf a hydraulic Jump: (1) The depth
of flow upstream from the jump, d,, must be bélow critical depth,
and the depth of flow downstream from the jump, ds, must be :above
critical ‘depth; (2) dp must be greater than dlg'and'(B) the con-
Jugate depths, dj and dp, must bear a definite relation to sach
other. It has alBc been shown that, when-d) and d, are above
critical depth, .stending waves will form, The criteria necessary
for the formetion of a hydraunlic jump are not :satisfied &t check
drop no, 4 because: (1) Considering dp to bo similar to d,,
the depth upstream from a jump, it has ‘been shown that dp is
greater than critical depth; '(2) if, in the conjugate-depth
relation, we let dp =d, = 5,44 feet, then%dz'“ 2.28 feet, which
is not only less than dp, but it is also lees than critical depth,

‘which is impossible since no energy has been added)from an outside
source, The criterion necessary for the existence of standing
waves is satisfied at check drop no, 4 because: (1) dp is grester

than eritical depth; and {2) the presence of excessive tail—water
depth at all times not only results in‘d2 ‘being .above critical
depth, but it prevents the flow from approarhlng critical depth
at the ilashboards,

‘8, Comparison of Yosses, If the losses inherent in
the flow were Known irem section ¥ to any other points in the
check 'basin, it would be possible to write Bernoulli's equation

to determine the depth of flow at these points, With this data,
the loss .of sneclfic -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 specific
energy in a hydraulic jump was seen previously to be much pgreater,
Assume that, 2t check drep no, 4, sufficient anergy is avallable
to form a hydraullc Jump. Then,'lat dy = 3,50 feet, and, if the
discharge is 1,264 second-feet, V:L 2b.21 feet‘per second. The

conjugate -depth, ther refore, will ‘be dy = 7.30 feet with a velocity
= 5,38 feet per second (figure 4B). Now, By = 12,30, and Ep = -
7 76 ‘the loss By - E; = 4,54 (figure 4C), The loss in energy will be




lg'gg 'x 100, or 36,8 ﬁercent as ‘compared to abouth;percent;

in a standing wave,

‘9. The hydraulic jump .compared ‘tc standing ‘wave at
check drop no. 4. 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 has
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 contined in a rectangular stilling pool, which usually in-
cludes dentated sills or teeth to aid in ‘the formation of a
uniform welocity distritution below the jump. If the canal
scction is riprapped for a .short distance downstream from the
stilling pool, very little scour, if any, will occur inithe
canal. But.severe scour will occur downstream from a drop
structure, even though a hydraulic jump forms, when the jump
is not properly confined or:controlled. Many:problems of ‘this
nature have been corrscted by model studies.

Unfortunately the design of check drop ne. 4, and
similar drop structures in the Sunnyside Main canal, provides
but little energy dissipation to the flow. The classificaticn
above showed that standing waves form which dissipate only about
five percent of the specific energy in the flow. Under this
condition, the velecity 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
canzl flows, Observations of the prototype 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 alonp .the sides of the .canal,
which have sufficient velocity ‘to cut into ‘the canal banks -and
producc the excessive scour that exiasts downstream from most of
the check drops in the 'Main canal; -(2) that, even though the
standing waves at ‘the drop were confined within a rectangular
stilling peol .provided with teeth, there was very little improvement
in the flow; and (3) :that riprap placed along tha canal banks .below
. the drop structure was washed into the canal.

10, The model. The medel of check drop no, 4 was
built .to a scale of 1:to 15 (figures 5 ‘and 6). The drop:struc-
ture was -constructed of redwoed, and ithe steel brackets were
made of light-gage sheet mstal, The.drop structure was in-
stalled :in-a large, metal-lined box, which :provided sufficient
length of approach upstream ‘frem the drop and sufficient‘widthv
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and length downstream so that the scouring of the canal would not
be restrained. Capes were installed to measure the depth of flow,
which was controlled upstream by flashboards and downstream by 2
tail gate. Because the model velocities were considerably less
than the prototype velocities, it was necessary to use, in the
model, the finest sand available to reproduce the prototype scour
which occcurs in the volcanic tuff, A sieve analysis of the model
sand is shown on figure 7.

11, The initial scour tcst. The purpose of the initial
scour test wns to make careful observations of the flow and scour
in the model for comparison with the prototype. It was necessary
to be certain that the model would reproduce gualitatively the
prototype conditions before additional tests were made to deter-
mine 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 nmumber and symmetry of the flashboards and
the tail-water depth 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 thaf the model
flow conditions at the drop would approximate those 2s witnessed
in the field and as shown on available prototype photographs.

It was determined, 2t a later date, upon receipt of observed
field data, that the depths of flow maintained in the model were
slightly less than cbscrved 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
prototype. As a rosult of the studies made from the initial test,
it became cvident that the following existing conditions had to
be memoved in order to have o 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 (4) scour
to the canal,

The model showed that the poor approach condition to
the drop structures was due to the wing walls being at right
angles to the diraction of flow. This caused a drawdown or
dished effect as the flow entered the panels on each side of
the structure (figures 9A and 18A)., After passing over the
flashboards, the flow alons the side walls surged upward and
became partially submerged by the return flow of the side eddy
mentioned below, This disturbance caused an unbalanced con-
dition in the region of the standing wave and further aggravated
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SCOUR AFTER 21 HOURS - DISCHARGE 1300 SECOND-FEET
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the poor flow distribution extending downstream (figure 8A). The
flow through the other panels was symmetrical, bLut it had a ten-
dency to pile up on tha upstrevam face of the steel brackets and
remain split as it plunged intc the check basin, This disturbance
did not prevail after the {low had reached the regicn 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 concentrated near the
center of the canal, but, on each side of the canal, starting
at 2 point about 75 feect below the drop, the direction of flow
was upstream, This peculiar combination of flow downstream at
the center of the canal and upstream along the 11 to 1 side slopes
formed a large eddy along each side of the canal (figure 8A).
The upstream compenent of these eddies had sufficient velocity
to cut into the canal banks and produce excessive scour,

The scour in the model apnears to be more severe than
in the prototype, as shown on figures 1, 10, and 1ll. This was
expected since the sand in the model was more saturated and less
compacted than the material in the field. The scour te the rip-
rapped canal bottom for a distance of 20 feet downstream from the
drop was not excessive, but, beyond this peint, the canal bottom
was heavily scoured. Observatinons on the model revealed that,
as the flow passed over the flashboards, it was rartially deflected :
upwards by tha weir wall at the lowsr end of the check basin, .
This had 2 tendency to reduce the 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) intc wnich 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
(fiqure 8) is symmetrical about the center line of the canal
whereas the scour at the prototyoe (figure 1) 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 ¢anal curves to the left upstream from the prototype drop
structure and to the right downstream, Another factor contributing
to the prototyne scour pattern has been the method of placing the
flashboards. These have baen placed unsymmetrically so as to ‘ o
divert the flow from the scoured section of the cznal. The model .
showed definitely, however, that scour will be excessive below )

18
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thefirop regardless of the alinement in the canal, the compact~
ness of the material, or the symmetry of the flasliboards.

. '13. lodel tests leading to the recommended design,
Before a satisfactory solution to this problem could be obtained,
it was necessary tc investigate many designs in the model and use
the hest features of -each, Each design investigated was tested
with various discharges, tail-water depths, and flashboard ar-
rangements, Careful study wacs made on the performance of each
design especially at maximum 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 helow 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 rliminated the draw-
down or dished effect in the flow at each side panel. Although
the streamiining to the brackets improved the flow, it was found
later that the streamlining would not be required. Te improve
the flow below the check basin, a rectangular stilling poel was
formed by extending the vertical side walls downstream (figure
12B). This prevented the return flow of the side eddies from sub-
merging the main stream as it left the check basin,

with 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 veleccities, Observations revealed
that, as the jet plunged over the flashboards into the check basin,
it did not closecly 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. Ir 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 welr wall to the top of
the downstream weir wall of the check basin., As a result, the
entering jet had a tendency to follow the stilling-pool floor.
This tendency was slightly increased when slide gates were used
at the steel brackets instead of flashboards (figure 12C)., WVith
slide gates in place, the direction and the velocity of the jet
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were more nearly parallel to the apron between the piers. The
teeth in the stilling pocl were now more effective, and it wns
noted that the velocitles below the drop were slightly less, For
small discharges, the standing waves were partially eliminated,
but, for maximum discharge, it was necessary to ralse the 'slide
gates to such an extent that the jet .no longer followed the apron
into the stilling pool. As a result, the standing waves satill
formed. This design, however, was improved by providing more
depth of 8tilling pool and increasing the slope of the apron
(figures 12D and 12E). "ith these improvements, the tendency

of the jet to follow the apron into the stilling pool was fur-.
ther increased. This rendered the tecth still more effective,
and the velocities were further decreased, especially with the
added depth of pool. The standing waves still pereisted, however,
as in the other designs.

When 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 deslgn
shown on figure 12F was investigated. This provided still greater
pocl depth but added a bucket. The bucket has, in certain in-
stances, been successfully used to dissipate energy by creating
& large roller in the flow, If proper tail-water depth is ‘fur-
nished, the bucket may produce good results; otherwise, the roller
will cause excessive boil or be drowmed, 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, when normal tail-water depth was
maintained, which was neceasary to prevent excessive boil, the
jet failed to follow the slcpe 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 12G). 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 prssed under
the deflector, and this caused excessive boll in the pool in
addition to excessive scour and veleciiies downstream from -the pool.
Although the use of a bucket did not warrant further study, ad-
diticnal study was made in an attempt to make the jet follow a
slope into a stilling pool without using a deflector. The de~
sign shown on figure 12H provided an opee crest, which more nearly
fit the trajectory of the entering jet. The jet followed the
ogee crest surprisingly well at maximum discharge and for all
ranges of tail-water depth, But, if flashboards were added,
the trajectory of the jet iwas changed, and the flow then oscil-
lated between following the ogee crest and rorming a stending
wave, The use of slide gates also changed the trajectory of the
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jet nt maximum discharge and at lower discherges, and, even though
slide gntes 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 eliminated the standing waves, and the deeper
stilling pool, which caused a reduction in the velocities below
the drop. Additionsl investigation using these features was
not warranted on the latter designs since the cost of changing
the existing structure would be excessive. Further study was
made, therefore, using the deflector and deeper stilling pool
with a minimum change to the existing structure, Figure 121
shows this revision, which was developed to give a satisfactory
recommended design,

14, The recormended design structure., The recommended
design (figures 13 ang 14) requires the removnl from the existing
structure of the downstream weir wall of the check basin and part
of the vertical side wnlls (figure 19), Curved training walls
are added in the approach, and the vertical side walls are
lengthened to form n stilling pool with A conerete floor on:
which eight baffle piers are placed. A deflector is added above
the check basin, consisting of timbers supported by 2 structural-
steel framework attached to the existing eteel brackets (figures
19 and 20). Vhere it is possible in the field, the canal sec-
tion at the stilling poel may be bullt in as shown on figure 13.
In any event, it is necessary to place riprap 15 fect below the
pool on the canal banks and along the bottom, either on a 5 tol
slope or at elevation 872.55. If backfill is not placed along the
stilling-pool walls, additional riprap beyond that existing will
not be reguired in the transition, No backfill or riprap is
required in the heavily scoured banks of the canal beyond the
stilling pool.

15. Flow throuph the recomended design. By placing
curved training walls in the approach and adapting a deflector

and stilling pool at the check basin, the recommended design has
eliminated the following unfavorable conditions that exist at the
prototype: (1) Unsymmetrical flow distribution through the drop
structure; (2) standing waves and excessive velocities below the
drop; (3) eddies along the side of the canal immediately beclow
the drop; and (4) scour to the canal.

The addition of curved training walls in the approach
results in = uniform depth of flow at the entrance to the .drop and
helow the check basin (figures 148, 14C, and 18). Present design
practice usually adopts a warped transition where the section of
A ¢canal changes from trapezoidal to rectangular. This automatically




provides uniform depth of flow at the rectangular section, The
curved training walls 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 the
deflector. As the flow passes over the flsashbonrds, 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 dspths

y without any splashing occurring over the deflector or excessive
" depths forming upstream. Additional discharge may be passed in
B the event of a cloudburst or similar cause, If 1,204 second-
feet ere flowlng and the tail water is maintained at elevation
; 884.90, the discharge may be increased to 1,525 second-feet before
N the flow spills over the deflector. The water surface upstream
e would then be at elevation 886.56, If the discharge is 1,264
second-feet and the tail-water depth is allowed to increase
with the discharge, the structure will pass 1,490 second-feet
before the flow tops the deflector. The water surface upstream
would then be at elevation 886.60, and the tall water would be
at elevation B85,13. The flashboards in place for these two con-
ditions are 3-2~2-1-2, right to left looking downstream.

As the flow passes under the deflector and along the
stilling-pool floor, it is diffused in the tnil water, and its
velocities are preatly 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
‘4 hydraulic jump cannot form. A roller, however, is created in
the poel by the action of the baffle piers so that the flow could
be called a2 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 existine circumstances only is seen on figures 154,
164, and 17A. In the scour test discussed below, it was ob-
served that, although the tendeney to scour was not increased
when the flashboards were placed unsymmstrically, the stilling
yool 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 6-6-4-2-2 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, ™t 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 hours, the scour in the model was slight (figures 10C, 15B,




A. SCCUR AFTER 21 HOURS - DISCEARGE 1200 SECOND-FRFT
UPSTREAM WATER SURFACE ELEVATION £B6.35
DOWNEIREAM WATER SURFACE EXEVATION 884.55
FOUR FIASHBOANDS PER PANEL

i ) B. SCOUR AFTER 26 HOURS ’
: MODEL ELEVATION 10G.0 EQUALS FROTOTYFE ELEVATION 877,56

RECOMMENDED DESIGN




FIGURE 16

4. DISCHARGE 1264 SECOND-FEET
UPSTREAM WATER SURFACE ELEVATION 885.50
DOWNSTREAM WATER SURFACE ELEVATION 884 .90
FLASHBOARDS 3-2-2-1-2 RIGHT TO LEFT LOOKING DOWNSTREAM

B. BSCOUR AFTHER 26 HOURS
MODEL ELEVATION 100.0 EQUALS PROTOTYPE KLEVATION 877 .55

RECOMMENDFED DESIGN




A. BCOUR AFTER 21 HOURS - DISCHARGE 1300 SECOND-FEET
UPSTREAM WATER SURFACE ELEVATION 885,22
DOWNSTREAM WATER SURFACE ELEVATION 883.95
FLASHBCARDS 1-2-1-2-]

B. SCOUR AFTER 26 HOURS
MODEL ELFVATION 100.0 EQUALS FROTOTYFE ELEVATION 877.55

REC CMMENDED DESIGN
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168, -and 178), The scour in the riprapped section just down~
stream from the stilling pool was slight (figure 16B), This
demenstrates the ability of the teeth in the stilling pool to
reduce the velocity along the bottom of the canal., The scour at
the side slopes, starting about 125 feet ‘below the drop, was due
to a sloughing of the material dt the start of the test and not
due to excessive velocities, Before the canal was rebuilt for
this test, observaticns were made to see what effect the flow from
the recommended design structure would have upen the scoured canal
section actually existing in the field. It was observed that,
although eddies formed in the wide section of the scoured cansl,
their velocity was reduced to such an extent that cutting into

the banks was stopped. A tendency to scour could not be ob-
served at any point, At the evisting structure, the velocities
are greater near the center of the canal than at the sides, This
condition, it was seen, caused side eddies to form. Below the
recommended design pool, however, 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 the end of the riprapned section, but they extend
only about 15 feet downstream, and their velocity is not -sufficient
o scour the canal banks (figure 15A), This condition could have
been eliminated if it had been possible to use & warped transition
from the rectangular stilling pool to the trapezoidal canal sec-
tion, The cost of using a warp would be excessive, however, since
it would first be necessary tc rebuild the scoured canal section.

16, Conclusicns, The design developed {rom this mcdel

study is recommended for application to the standard drop struc-.
ture of the Sunnyside Main canal. The reccmmended design was
developed from certain conditions of flow existing in the canal,
Care should be exercised in applying this design to other struc-
tures where the flow conditions and other factors are not the
same,

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

{a) %hen & section of a canal or channel changes from
trapezoidal to rectangular or vice versa, it is desirable to
use a warped transitien and one in which tire change in cross
section is not too abrupt, If this is not possible where a sece
tion changes from trapezoidal. to rectangular, add curved train-
ing walls wheres the flow enters the rectangular section.

(b) Hydraulic structures should be designed and operated
go that the flow passing threugh them will be symmetrical;




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

(¢} Avoid the use of forming a hydraulic jump or similar
energy dissipator in expanding or trapezolidal sections, A rec-
tangular stilling pool should be used.

(d) When a series of small drops is rlanned, 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.




ABSTRACT OF CORRESPONDENCE

From Superintendent, Yakima project; to Chief Engi~
neer, regerding proposed reconstruction of check drops
on Sunnyside Main canal,

Memorendum from H. Rs McBirney to Chief Designing En-
gineer, recommending & limited prograim of model. testing.

From Chief Engineer to Superintendent, Yakima 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 Superimtendent, Yakima project,
stating that model tests have started and requesting
prototype flow and 8cour data at check drop no. 4.

From Superintendent, Yakima project, to Chief Engineer,
stating that prototype flow data st check drop no. L
will be taken during the remainder of the irrigation
senson. Scour data will be taken at end of irriga-
tion seascon,

10-12-38 From Acting Chief Engineer to Superimtendent, Yakima
project, Progress report of model studies and request
for available prototype flow data, Plan to remove
alternate drops submitted. ’

From Acting Superimtendent, Yakima project, to Chief
Engineer, stating cbjections 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 ¢ross sections of
canal at check drop no. 4 submitted, Error in data
in letter of 10-19-38 noted.

12.2]-38 From Chief Engineer to Superintendent, Yakims project,
stating that the model studies have heen completed
and the recommended design is being detailed. Re-
quest made for prints of photographs at check drops
no. 4 and no. 8,

From Acting Superintendent, Yalkima project, to Chief
Engineer. Photographs of check drops no, 4 and no., 8B
submitted. :




