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l, General. The Coachella Valley distribution system will be a
pipe-line installation, and hes given rise to a number of new prob-
lems of design and operation. Where practicable, the laterals have
been located to follow oonstantly descending grades. In general,
deliveries will be made at the highest point of the tract. A num-
ber of types of three-second-foot delivery structures have been con-
sidered from both cost eand operational standpoints. Studies were
made of several proposed types from which the type I structure was
selected for hydraulie model studies. The type I structure was a
cirocular conduit mounted on the top of the pipe line with an alfalfa
valve controlling the flow, A weir was placed inside of the verti-
cal conduit to measure the flow being delivered to a particular tract.

After this structure was tested completely, the irrigation dis-

- triot opposed the use of the alfalfa valve and expressed a desire for

a structure separate from the pipe line and controlled with a gate-
type irrigation valve. Consequently the type 1II measuring weir was
developed in two sizes, one for measuring flows up to three second-
feet and the other for measuring flows up to six second-fest.
Subdivision of the water to the laterals necessitated larger

weirs, fed by pipe lines, capable of measuring flews accurately up
to 70 second-feet. Two typss of design were proposed for this pur-
pose, one in which all of the flow entering the weir box passed over
the weir. The second was to pass part of the flow entering the box




over the weir, the remainder being turned out the, side of the box
to another lateral.

At the head of the main laterals large weirs having flows of as
high as 350 second-feet are to be constructed with a radial gate com~
trolling the discharge from the main canal to the weir. It was deéirf
able to have the weirs near the gates for ease of regulating the flow.
This presented a problem in stilling the flow passing under the gate
sufficiently to give satisfactory flow over the weir.

2. B8cope of model tests. In the case of laterasls on steep

slopes it was desirable to utilize head whereas on flat slopes it
was desirable to conserve head. To be more‘positive of the available
head at various points and obtein suitable designs for the various
structures, it wes considered advisable to have the hydrsulic lebo-
ratory construct hydraulic models of the proposed structures.

The type I three-second-foot delivery structure was constructed
to a soale of 1l:4.2 as shown on figure 1. The problems to be oon-
sidered in the design were: .

(a) The flow conditions through the alfalfa valve and in
the riser upstream from the weir.

(b) The head loss through the 12-inch alfalfa valve and
its discharge capacity. ' N ‘

(¢) The effect of the veloocity in the lateral upon the
action at the valve and in the weir riser.

(d) The heed losses through the various expanders and
reducers in the turmout.

(e) The head losses through the 66~inch head maintainer
with the gate open; also with the gate closed and
the divider submerged.

(£) The effect of chipping off the ends of the ocones pro-
truding into the 66-inch head maintainer.

(g) To determine the stability of the weir coefflelent with
variable valve openings and variable discharges through
the lateral.

Considerations in the type III struotures of three- and six-
second~-feet delivery were:



(a) To obtain a rating curve or head-discharge curve for
each of the structures.
(b) Deternine the loss from the entrance diffuser to the
water surface above the weir,
. (o) Establish the minimum height of the weir for satisfactory
) flow,
;' ‘ The mocdel of the three-sesond~foot delivery was constructed to a
soele of 1l:2. The same model was used for the six-second-foot deliv-
T ery which necessitated only & change in soale.

The weir boxes were modeled on a 1:2:5 scale, The problem in-
volved determining the proper dimensions of the box, finding a suit-
able baffling arrangement, and calibrating the weir.

The large turnout on the Gravity Main Cansl was modeled on a
1:10 scale, It was necessary to find a baffle to still the water
‘above the weir and also find a shape of transition below the weir
that would cause a jump and give a satisfactory flow condition at
the entrance to the 0.0116 sloped canal,

3. Model tests of type 1 design. In determining the loss co-
effieient Kv for the alfalfa valve, all discharges were passed through

the valve, The losses were based upon the difference in pressure be-
tween piezometers 3 and 4, figure 2, and the difference in velocity
heads in the pipe at & and at 4. The loss coefficient Kv is express-
ed in terms of the walve velocity head hv_.

(B, = B,) *+ (% - v,5)
-  Kv e : . 42 —ggﬂ ?gi

Vv 2g

valve opening
valve diameter
opening directly affects the discharge and the losses. For the orig-
inal valve design the minimum loss coefficient Kv was found to be

approximately 2.60, figure 2, This was obtained with the wvalve wide

s since the percent of

Kv was plotted against the ratio

) open, or the ratio gfgg%g%h = 0.60. It appeared that the high loss
coefficient was dus to the right-angled entrance to the valve which

v oreated & pronounced vena oontracta and to the limited discharge aree
of the valve. The coefficient Kv was reduced materially by removing
the valve lid. ! '
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For all flows above epproximately one second=foot over the weir,
the water surface in the weir riser was turbulent and bowl-shaped an&
increased with an increase in flow, With the valve 1lid removed, a
large boil formed upstream of the weir making the water surface too
rough for accurate weir measurements.

The reduction in loss coefficient obtained by removing the wvalve

lid indicated that a reduction in less might be obtained by increasing
the ratio of vn%ve<%?ani?gr.
reduction in head loss could be realized by putting a bellmouth base

It was also suggested that considerable

on the 12-inch alfalfa valve. The approach conditions to the welr
could be improved by moving the weir from its position on the center
line of the riser to a point four inohes downstream. This would re-
duce the vertisal velocity and have a quieting effect on the water
surface above the weir, These suggestions were oarried out, The
changes are shown on figure 3.

The value of the loss coefficient Kv was reduced from the mini-
rum of 2,60 on the original valve to a minimum of approximately 1.20
on the new valve, The value of 1.20 was reached when the ratio of

openi was equal to 0,75, figure 2. The bellmouth entrance to the

valve and the increased valve opening both contributed to the reduc-
tion of the valve losses. The value of 1.20 did not change with the
valve wide open or with the lid removed. There was no appreciable
difference in the value of Kv with all flow through the valve or with
three second-feet through the valve and the remaining flow passing by.
Discharges varying froﬁ 107tor§0 seoo£d~feet, proﬁotype. were
passed through the model. The valve was operated wide open at all
flows and its discharge maintained constant at three second-feet by

regulating with the gate in the 66-inch head maintainer. The mini-
valve discharge

mum valve losses Hi, for various ratios of are shown
on figure 4. The valve loss coefficient Kv was determined for these

runs and plotted against the same ratio., These show that Kv becomes

e minimum for a ratio of Ta%vf g?so?gggp of 0.20 and incredses on

either side of this value. This is in agreement with other tests

.
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~ the valve operating wide opem where

made to determine losses due to @ Junction in a pipe line. In this

case the valve losscs were not separated from the losses due to the

Junotion. A discharge coefficient C = 8 was obtained for
: A ,553

H= [ (h3 - h4) + (hv3 - hvé) ] .

" The average vaelue of "C" wes 0,90,

The oapacity of the velve is & function of the head on the valve
and sinoe the capacity of the weir was six second-feet, this was the
maximum disoharge meesured through the valve, )

The approsch conditions to the weir were improved materially by
moving the weir. However, the water surface was turbulent for flows
above about 1.6 second-feet. It was found that the head on the weir
was stable for a fixed discharge with variable openings of the valve,
indicating that the weir could be ealibrated. The weir heads with
which the model was operated were below the range desirable for weir
calibration. Therefore, = larger weir would have to be used to ob-
tain a discharge curve of the desired accuracy,

Three second-feet, prototype, were passed through the model &nd
data obtained for determining the losses through the 30- by 42-ipch.
sexpander. The losses computed {rom these data were small smough to
be within the range of experimental error, thus rendering the results
unreliables In order to obtain more satisfactory data another test

_was_run in which 10, 20, 30, 40, 60, and 80 second-feet; prototype,

were passed through the model. The losses obtained were large enough
to minimize the influence of experimental error and are given by
(v, = v_)?
H = 0.13 _JL.erL__
: &

as shown on figure 5.

The inlet to the reducer in the lateral turmout was submerged
and the pressures recorded for piezometers 5 and 6, figure 6, The

losses through this reducer were



v
HL = 00341 Ery
They were based on the velocity in the turnout line since its value
could be determined accurately.

The gate was left open in the 66-inch head maintainer and the
losses determined from A to B, figure 7, with the imward projecting
cone in place. They were

VAZ
HL = lo(l)l Iz
as shown by the solid line on figure 7. To determine the effect on
the head loss the imward projection of the reducer was removed and
the‘ procedure repeated. These losses, shown by the dashed line on
figure 7, were
VA?'
| HL = 0,93 T
The reduction in head losses thus obtained was sufficient to warrant
the removal of the projection, especially where conservation of head
was a vital factor. -

The gate in the 66-inch head maintainer was closed and the
divider submerged. The losses were determined from A to B, figure 8.
As it was desired to have a minimum logs of 0.50 foot through this
section for a discharge of 30 second-feet, the losses were plotted
against the discharge squared from which it was found that the 0,60
foot loss was obtained with a discharge of 23.26 second-feet and a
submergence of 2 feet. The minimum loss for a discharge of 30 second~-
feet was approximately C.84 foot with 2,60 feet of submergence. The
size of the head maintainer must be increased in order to obtain a
loss of C.650 foot for a discharge of 30 second-feet. It was found
that the present dimensions must be multiplied by 1.13 to aczacomplish

. A
this. The losses from A to B were found to be % 2 5,66 —EE- for this
design or multiples thereof,

From the tests on the type I design, it was conocluded that:
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(a) The ratio of > ewlng st be at least 0,76 to obtain

minimum losses through the valve. This means that a
maximun Qpening of nine inches must be provided on the
prototype.,

(b) The reduction in less coefficient from 2.6 to 1.2 ob-
tained by using & bellmouth on the alfalfa valve made
the change worth while,

(6) There was no appreciable inorease in losses throughrthe
valve due to part of the flow going on past the valve,

(d) The improvement in the approach conditions to the weir
obtained by moving it downstream was sufficient to
justify its being moved,

(e) The capacity of the valve is controlled by the head on
the valve. The maximum measured discharge through the
valve was six second-feet because the weir would not
pass any more. Due t0 rough conditions above the weir,
it would be difficult to measure six second~feet acocu-

rately.

(£f) A larger weir would have to be calibrated since condi-

tions due to the low head on the model weir did not give
reliable results.

(g) Reduction in head losses obtained by cutting away the up=
per part of the imward projecting cone in the 66-inch
head maintainer would make its removal worth while where
oonservation of head was a vital factor,

Tests of the three- and s8ix-second-foot deliveries. The

tests of the three-second-foot delivery on a 1:2 scele model showed

the flow conditions upstream of the welr to be satisfactory for flows

up to and including three second-feet. At larger flows the water sur~

fece above the weir became rough and flow over the weir was unsteady.
The minimum height of the weir above the center line of the inlet pipe
should be 6 feet 6 inches, Inoreased heights of the weir gave smooth-

er flow, however, there was no appreciable difference in the performance,
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The flow in the design shown on figure 9 will be controlled by
an irrigation gete valve, and in some of the installations, it will
be necessary, because of excess head, to throttle the flow at full
discharge. This oreated a considerable amount of turbulence in the
delivery when the valve was placed next to the diffuser leading into
the structure, resulting in unsteady flow over the weir. The condi~-
tion was minimized by placing three feet of straight pipe between the
valve and the diffuser,

Due to the limited space above the weir and the éircular shape
of the structure the curved streamlines of the weir flow extended to
the boundaries of the structure causing the discharge coefficient in
the weir formula to change with head. For this reason no discharge
coefficient is given for this weir. Instead the rating curve of
figure 10 has been shown. It shows the relation between the head
over the weir, measured at the point indicated on figure 9, to the
discharge. This method of rating a weir is reliable even though the
weir coefficient changes and acocurate measurements of the flow can
be made with this type of curve.

The loss in head between the begimning of the diffuser and the
water surface above the weir was taken on the model. It emounted to
0,44 times the sguafe of the velocity in a 12-~inch pipe divided by
2g or HL = 0.4 -%%-, If the pipe leading to the d;ffuser is not 12
inches in diameter the loss can be obtained by converting the velocity
in the particular pipe to that whioh would occur in a l2-inch pipe
having the ;ﬁiérdischafgeo In other words, use equivalent flow in a
12-inch pipe.

The size of the six-second-foot delivery was determined from the
1:2 model of the three-second-foot delivery. The design is homologoﬁs
to the smaller delivery and required no further testing. The data
from the previous tests were transferred by the laws of similitude to
the larger sized structure, The dimensions are shown on figure 11,
and the ocorresponding rating curve is shown on figure 12, This de-

livery will also require a straight pipe three feet or more in length

8



upstream from the diffuser leading into it, if & valve in close prox-
imity to the structure is to be used for regulating the flow. The
loss through the diffuser to the tgp of the weir based on the velooity

A
in a 15-inch pipe is liL @ Q.44 ;—Z. This can be based on the loss in

pipes of other siges by converting as explained previously.

Convérsion of the losses to other pipe &izes will not be entirely
correct because the angle of flare on the diffuser is related to the
diffuser losses,

5. The weir box with side deliyery. The structure developed
for both straight-ahead and side deliveries either to the right or

left or both is shown on figure 13, The dimensions shown are based

on the inlet diesmeter X, meking it possible to determine the size of
the structure when the discharge Q is given. The equation for X was

determined as follows:
Vm « model velooity

Vp = prototype velocity

n = scale ratio
X = diemeter at the inlet.
Then from the laws of similitude

v, - [a V.
Then with Vm, es determined from the 1:2.5 scale model of a pro=-

totype having a maximum inlet flow of 48.2 second-fect, equal to 2,76

feet per second, the equation was o B
2,76 /n =V .

. . p

As Vp was equal to

4Q
3,14 X°

8.
A

the equation then became

4
2,76 n
= 3.14 X%



The scale ratio between model and prototype is the ratio of eny two
similar dimensions. Since the inlet diameter of the model was 1.5«
feet and the prototype inlet diameter wes X, the scale ratio was

X
15

When this was substituted into the preceeding equation, it became

276X « 2 /2

165 5 14x

5 or X5 = 06565Q,

which when solved ,ave

X = o.797q°‘4°

Buckingham's n theorem states that if structures are similar,
the ratio of any one dimension to the remaining dimensions defining
£he geomstry of the boundaries taken one at a time, must be equal to
the ratios of corresponding dimensions taken one at & time in the other
structures, that is

xXX. X X'_X X _X
et e 0 b e C T

The primes denote model dimensions and the others the corresponding
prototype dimensionse
In determining the general dimensions of the weir box from the
model, X was taken as the inlet diameter and the ratios of this diam=
eter to the other dimensions, taken gingly, are shown on figure 13,
To determine the dimensions of the prototyps, compute X from the formula
X= 0.7970'40 and multiply the result by the factors shown om figure 13,
The only deviation from this is in the spacing and size of the baffles.
They have been standardized end should be spaced and of the size as
shown on figure 13, In general, it will not always be possible to ob=
tain a pipe size corresponding to the value of X in the formula. When
this oocurs the sigze nearest the value of X should be used, but the
value of X ghould still be used to determine the structure dimensions.
The discharge over the weir was determined from the model where
if was found that the coeffiocient C in the formula Q = CLHS/E was equal
to 3034, To maintain smooth approach flow to the weir it will be
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" necessary to limit the straight=sahead flow to 60 percent of the meximum

allowable Q at the inlet, For acourate measuring of the head over the
weir & well should be provided with the opening through the wall locat-
ed as shown on figure 13,

‘ In the development of the weir«box design, several types of baffles
end various aerrangements were tested and none exoept that shown on fige
ure 13 gave satisfactory results., Baffles with the openings vertiocal,
while more desirable from the standpoint of removing trash, did not
8till the flow sufficiently to keep the water surface from fluctuating
with the surging in the stillin. area. In general, the flow in the
stillin, area was upward with considerable boiling at the surface for
maximum flowe. Vertical baffles had little eifect in changing the
direction of the upward flow before it left the stilling erea whereas
the horizontal baffles completely destroyed it., The two large block
baffles just below the entrance help break up the jet issuing from the
pipe and are of oconsidereble value in stillin:: the flowe

The losses in the struocture from the unstream end of the diffuser

to the water surface above the weir were taken on the model. They were

2
found to be equal to 1.75 Vz et the maximm flowe

2g
8o The weir box with no side-delivery. The structure shown omn

figure 14, was developed for straighteashead delivery., It is similar
in design to the combination side and strai hteshead delivery, except
that the stillin_ area is smaller and the baffling arrangement hag
graduatéd'épehihbé;i The horizontal baffles are of the size shown on
figure 13, The 3« by 6=inch baffles should be placed with l.25«inch
openings for e verticel Aisterce of approximately 0.28X, then 2=inch
open spaces Br 044X, 2.5«inch openings for (.61X and 3=inch open
spaces for 00.90X Yo the approximate top of the weir. The remaining
spaces are to be 1.28 inches from the ton of the weir.to the top of
the box. The smaller spacing at the top removes most of the ripples
caused by the surface flow through the baffles. The surface ripples
had no effect on the discharge coefficient but their elimination im=
proved the eppcarance of the flowe

11



The coefficient of discharge C aes determined from the laboratory
weir wes 3.33 in the formula Q = CLBS/'z° The losses through the
2
structure at maximum flow were found to be 154 'x o

2%
7o The weir at the Gravity Main canal turnout. The flow through

the struct:re will be controlled by & radial gate, and discharge is to
be measured by a 20=foot weir, located a short distance downstream,
figure 15, Alternate designs were proposed for the transition. The
first was & straighteline transition to the flume section, the other
was & circular curve from the 20=foot to the 10=foot width, Imn the
1310 scale model the 20=foot length between the weir and the diverging
section below the gate was increased to 40 feetc. The straight-walled
transition was constructed first beceuse the alternate ourved section
could be added to the model without undue alteratione

The first tests were conducted on the model without baffling of
the flow under the gate. This resulted in & periodic surging of the
water surface above the weir accompanied by a boiling agtion at the
surface and other turbulence. The addition of a row of four dentates
located in the gate section eliminated the periodic surging, but caused
suffioient surface roushness above the weir to upset tre coefficient.
The condition was ne&rly eliminated by & baffle wall located at the
end of the gate section and extending below the water surface, but to
quiet the flow at low discharges the baffle had to extend so far below
the surface that at maximum discharge & boil formed in the are& imms= -
diately upstream of the weir,

As there was sufficient head, the weir height was inoreased from 6 to
7.5 feet to obtain more area under the baffle., With this arrangement
there was a decided improvement in the water surface above the weir,
howsver, it ﬁppeared that the baffling action of the dentates was too
severe, The four dentates ere replaced with & combination of two rows
econsisting of 3 and 2 dentates as shown on i'igure 16, This was & fure
ther improvement, however, it was necessary to add asnother surface
baffle to obtain the desired resultse.
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The canal below the weir was on & slope sufficient to support a
velocity of epproximately 16 feet per seconds To conduct the flow to
this section, two alternate types of transitions were tentatively pro=
posed, figure 15. Each of these designs was based on the assumption
that a-hydraulic jump would form immediately downstream of the weir and
oritical flow would be obtained at or near the beginning of the 1O=foot
canal widthe The initial tests showed that a jump did not form below
the weir with either of the transitions in place. Instead the supere
oritical velocity of the weir jet continued through the stilling area
and formed a high standing wave in the center at the beginning of the
10=foot section, With the straight=sided transitions a jump was forced
to form immediately below the weir by the use of & sill or by raising
the 10=foot canal section, This necessitated an inorease in freeboard
so this design was discarded in fevor of the curved-wall transition.

Satisfectory flow wes obtained below the weir and in the chute by
raising the floor elevation-immediatly downstream of the weir, placing
a step in the bottom at the point of tengency of the side wall ourves,
end adding & row of dentates in the stilling area. The dentates were
added to decrease the jump length between the weir and the transition
and to insure & change from supercritical to sub-oritical veloeity in
the stilling areB. The step improved the flow at the entrance to the
10=foot canal, It prevented the excessive drawdown in water surface
around the curves and caused the flow to accelerate gradually until
it reached the canal velocitys The design for the prototype as deter=

mined from the model is shown on figure 16.
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FIGURE 5

Q% (DISCHARGE SQUARED)

6000

5000

4000

3000

2000

1000

LOSS IN FEET OF WATER

e mooem B O >
/ﬁr— Note.: H from 1 to
S — e ok 2 = 0.13Y5¥%0r
P S s diagram or mul -
—t— tiples thereof.
EXPANDER
v
/’/
[ 0ss of head
)4
V
/|
,‘/
7
/
A
ALL-AMERICAN CANAL
/ COACHELLA DISTRIBUTION SYSTEM
' EXPANDER LOSSES
7 1:4.2 HYDRAULIC MODEL
7 ; TYPEI DIVERSION STAND
/ .
0.10 0.20 0.30 0.40 *0.50




FIGURE &
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FIGURE 7

Q% (DISCHARGE SQUARED)
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FIGURE 8
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FIGURE 8
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