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l. General. The Coachella Valley distribution system will be a 

pipe-line installation, a:cd has 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 ma.__de 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 and operational standpoints. Studies were 

made of several proposed types from which the type I structure was 

selected for hydraulic model studies. The type I structure was a 

ciroular oonduit mounted on the top of the pipe line with an alfalfa 

valve controlling the flow. A weir was placed inside of the verti

cal oonduit to measure the flow being delivered to a particular tract. 

After this structure was tested completely. the irrigation dis

trict opposed the use of the alfalfa valve and expressed a desire for 

a structure separate from the pipe line and control1ed with a gate

type irrigation valve. Consequently the type III measuring weir was 

developed in two sizes, one for measuring flows up to three second

feet a.nd the other tor measuring flows up to six second-feet. 

Subdivision of the water to the laterals necessitated larger 

weirs, fed by pipe lines, capable of measuring flows accurately up 

to 70 second-feet. Two types 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 
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over the weir9 the remainder being turned out the.side of the box 

to another lateral o 

At the head of the main laterals large weirs having flows ot as 

high as 350 second-feet are to be constructed with a radial gate con• 

trolling the disoharge from the main canal to the weir. It was deair

able to have the weirs near the gates for ease or regulating the flow. 

Thie presented a problem in stilling the flow passing under the gate 
sufficiently to give satisfactory flow over the weir. 

2. Scope of' n1odel tests. In the oase of laterals 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 obtain suitable designs for the various 

structures, it was considered advisable to have the hydraulic labo

ratory construct hydraulic models of the proposed structures. 

The type I three-second-foot delivery structure was constructed 

to a soale of l:4.2 as shown on figure l. The problems to be oon

sidered in the design were: 

(a) The flow conditions through the alla.lfa valve a.nd i:a 

the riser upstream from the weiro 

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

(a) The effect ot the velocity in the lateral upon the 

action at the valve and in the weir riser. 

(d) The head losses through the various expanders and 
reducer� in_ t� turnout._ 

(e) The head losses through the 66-inoh head maintainer 
with the gate openJ also with the gate olosed and 

the dinder submerged. 

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

(g) To determine the stability of the weir coeftieient with 

variable valve openings and variable discharges through 

the lateral. 
Considerations in the type III structures of three- and six• 

second-feet delivery were: 

2 
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(a) To obtain a rating curve or head-disoharge curve tor 

each of the structures. 

(b) Determine the losa from the entranoe diffuser to the 

water surface above the weir. 

( o) Establish the minimum height of the weir for satis.faotory 

.flow • 
The model of the three-aeoond-foot delivery was constructed to a 

::" ,:, aoale of la 2. The same mode l was used for the six-se cond-foot deliv-

... 

... 

ery which JJecessitated only a change in scale. 

The weir boxes were modeled on a la2:6 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 Canal was modeled on a 

1110 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 0.0115 sloped canal. 

3. Model teats of type I design. In determining the loss co

efficient 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 6 and the difference in velocity 
heads in the pipe at 3 and at 4. The loss coefficient Kv is express

ed in terms of the valve velocity head hv. 
V 

(P� - P4) + (v
;;
;
2 - vt

2 > 
-K�• . . . .  g . y 

V 2/2 o/ - g 
"' l tt d 1 t th t· valve openiµg i 'h .a.· " AV was p o e aga ns . e ra 10 valve diameter' s nee 'ti e percem, o. 

opening directly affects the discharge and the losses. For the orig• 

iDAl valve deeign the minimWil loaa coeftioient Kv was found to be 
approximately 2.60, figure 2. Thia was obtained with. the valve wide 
open, or the ratio �r.:;!r • 0.60. It appeared that the ldgh loss 

ooeffioient was due to the right-angled e:Ettrance to the valve which 

created a pronounced ve:na oontracta and to the limited discharge area 

of the valve. The ooettioient Kv was reduced materially by removing 

the valve lid. 
3 
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For all flows e.bove approximately one second-foot over the weir, 

the water surface in the weir riser was turbulent and bowl-shaped and 

increased with an increase in flowo With the valve lid removed, a 

large boil formed upstream of the weir making the water surface too 

rough tor accurate weir measurements. 

The reduction in loss coefficient obtained by removing the valve 
lid indicated that a reduction in loss might be obtained by increasing 

the ratio of valve openi:i:g It was also suggested that considerable valve diameter• 
reduction in head loss could be realized by putting a bellmouth base 

on the 12-inoh alfalfa valveo The approach conditions to the weir 

could be improved by moving the weir from its position on the center 

line of the riser to a. point four inches downstream. This would ·re

duce the vertical velocity and have a quieting effect on the water 

surface above the weir. These suggestions were oarried out. the 

changes are shown on figure 3e 

The value of the loss coetfioient Kv waa reduced from the mini• 

mum of 2,.60 on the original valve to a minimum of approximately l.20 

on the new valvso The value of 1.20 was reached when the ratio of 

oEening 
diameter was equal to 0.75, figure 2. The bellmouth entrance to the 

valve and the increased valve opening both oon�ributed to the reduc

tion of the valve losses. 1'he va.lue ot l.20 did not change with the 

valve wide open or with tb.e lid removed,. There was no appreoiable 
difterenoe in the value of Kv with all flow through the valve or with 

three second-feet through the valve and the reIDf!.ining flow passing by. 
- - - - - -

Discharges varying from. 10 to 70 seoond-t'eet, prototype, were· 

passed through the model. The valve was operated wide open at all 
flows and its discharge maintained constant at three aecond•f'eet by 

regulating with the gate in the 66-inch head maintainer. The mini• 
mum valve losses R. for various -tios of valvs discharge a- shown -i.' •a 

total discharge •• 

on figure 4. The valve loss coefficient Kv was ·determined for these 

runs and plotted against the same ratio. These show that Kv becomes 
valve discharge 20 d · · s o a minimum tor a ratio of total discharge of o. an 1.ncrea.se n 

either side of this valueo This is in agreement with other tests 

4 
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ma.de to determine losses due to a junction in a pipe line. In this 

case the valve losses were not separated from the 

junotiono A discharge coefficient Ca 
� A gH 

the valve operating wide open where 

H • [ (h3 - h4) + (hv3 • b:Y
4

) 

The avera.ge value of "c" was Oc90. 

losses due to the 
was obtained for 

] 
"""- ': '?he oapaci ty of the ve.l ve is a £unction of the head on the valve 

\,)f:. and sinoe the oa{&oity of the weir was six seoond-feet ., this was the 

maximum. discharge measured through the valve. 

The approach oo?lditions to the weir were improved materially by 

moving the weir. However, the water surface was turbulent for flows 

above about lo6 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 calibrated. The weir heads with 

whioh the model wa.� operated were below the range desirable for weir 

calibre.tiono Therefore, a 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 and 

data obtained. for dete:nnining the losses through the 30- by 42-inch. 

expander. The losses computed from these data were small enough to 

be wit�in the range ot experimental error, thus rendering the results 

unreliable. In order to obtain more satisfactory data another test 

was run_in_ which lO, 20, 30, -&o,-60, and 80 seoond•.f'eet 1 prototype, 

were passed through the model. The losses obtained were large enough 

to minimize the influenoe of experimental error and are given by 

(V - V ) 2 

IL • 0.13 l 2 
� 2g 

as shown oD figure 5. 

The inlet to the redu-eer in the lateral turnout was subm.ei'ged 

and the pressures recorded for piezometers 6 and 6, figure 6. Xhe 

losses through this reducer were ' 
6 
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V 2 8 11i, = 0e34l 2g 

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-inoh head maintainer and the 
losses determined from A to B, f igure 7, with the inward projecting 
cone in place. They were 

V 2 A 
� 18 le?l 2g 

as shown by the solid line on figure 7. To determine the effect on 

the head loss the inwa rd projection of the reducer was removed and 

the procedure repeated. These losses, shown by the dashe d line on 

figure 7, were 

V 2 A 
� D Oo93 2g 

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 loss of 0.50 foot through this 
section for a discharge of 30 second-feet, the losses were plotted 

against the disoharge squared from whioh it was found that the 0.60 

foot loss was obtained with a discharge of 23.26 second-feet and a 

submergence or-2 feet� Tlie minimum loss for a discharge of 30 second
feet was approximately Oo84 foot with 2o60 f eet of submergenc�o 1'he 

size of the head maintainer must be inoreas ed in orde r to obtain a 

loss of Oo60 foot for a discharge of 30 second-feet& It was found 

that the present dimensions must be mul�iplied by lol3 to accomplish 
V 2 

this. The losse s from A to B were found to  be\= 6066 2� for this 

de sign or multiples there ofo 

From the tests on the type I design, it was concluded that a 

6 
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( ) 
oEening a The ratio ot diameter must be at least 0.76 to obtain 

(b) 

minimum. losses through the valveo This means that a 

maximum .Qpening of nine inches must be provided on the 

prototype. 

The reduotion in loss coefficient from 2.6 to l.2 ob
ta ined by using a bellm.outh on the alfalfa va lve made 
the change Worth while. 

(c) There was no appreciable increase in losses through,the 

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 dOlfnstream was sufficient to 

justify its being moved. 

(e) The oapaoity of the valve is controlle d by the head on 

the valve. The aximum measured discharge through the 

valve was six second-feet because the weir would not 

pase any more. Due to rough conditions above the weir. 
it would be difficult to measure six second-feet accu
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 outting away the up

per part of the inward projecting cane in the 66-inch 

head mainta iner would make its removal -worth while where 
oonservation of- hea.d was a -vital -£actor. 

4. Tests of the three- and six-seoond-foot deliveries. The 
tests of the three-second-foot delivery on a l:2 scale mod.el showed 
the flow conditions upstream of the weir to be satisfactory for flows 

up to and including three seoond-feet. At larger flows the water sur• 
face 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. Increased heights ot the weir gave smooth
er flow, howeverg th.ere was no appreciable diffe rence in the performance. 

7 
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The flow in the design shown on fi gure 9 will be controlled by 

an irrigation gat e valve , and in some of the installations 9 it will 

be necessary, because of excess head p to  throttle  the flow at  ful l 

discharge . This created a oonsiderable amount of turbulence in the 

delivery when the valve was placed next to the diffus er leading into 

the structure , resulting in unsteady flow over the wei r .  The condi 

ti on was minimized by placing th.ree f'eet of straight pipe betvreen the 

valve and the di ffus er. 

Due to the limited space above the wei r and the circular shape 

of the s tructure the curved streamlines of the wei r flow extended to 

the boundari es  of the structure causing the discharge coefficient in 

the weir formula to change with head . For this r eason no di s cha rge 

coefficient is given for thi s 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 indioated on fi gure 9 .  to the 

dis charge . This method of rating a weir is  reliable even though the 

weir coefficient changes and accurate measurements of the flow oan 

be made with t hi s  type of curve ., 

The l oss in head between the beginning of the di ffuser and the 

water surface above the w eir was taken on the model. It amounted to 

0.44 times the squafe of the vel oci ty in a 12-inch pipe divided by 

v12 2g or Rx., •  0 .44 �· If the pipe leading to the diffuser i s  not 12  

inches in diameter the los s can be  obtained by converting the velocity 

in the particular pipe to �a� � oh wo��d occur i� a 12-inoh _pipe 

having the same di scharge o In other words , us e equivalent flow in a 

12-inoh pipe . 

rhe si ze of the six-s econd-foot delivery was determined from the 

l s 2  model of the three-second-foot delivery . The desi gn is homologous 

to the smal ler delivery and required no further teating o The data 

from the previous tests were transferred by the laws of simi litude to 

the larger s ized structure . The dimensions a re shown on figure ll g 

and the oorresponding rating curve is shown on figure 12 . Thi s de

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

8 
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upstream from the diffus er leading into it 11 it' a valve in close prox• 

imi ty to the structure is t'O be used for regulating the flow o The 

loss through the diffus er to  the top of the we� r based on the ve looity 
v15

2 

in a 15-inoh pipe ii  � 111 0 .44 �- Thi s can be based on the loss in 
pipes of other si zes by converting as explained previously . 

Conversion of the los ses to other pipe ei zes Wil l  not be entirely 

correct because the angle of flare on the diffuser is related to the 

diffuser losses e  

5 .  The wei r  box with side deliye_!".Y. The structure developed 

for both straight-ahead and side deliveries either to the richt or 

left or b9th is shown on figure 13 . The dimensi ons shown are based 

on the inlet diameter X ,  making it pos sible to determine the size of 

the structure when the discharge Q is given. The equation for X was 

detemined as follows , 

V • model velocity m 

VP = prototype velocity 

:n • scale ratio 

X • diameter at the inlet . 

Then from the laws of similitude 

V • fn' V  • 
p m 

Then with V ,  as determined from the l : 2 . 5 scale model of a prom 
totype having a maximum inl et fiO\l'l of 4 8 . 2  second-feet , equal to 2 o 76 

fe et per sec ond , the equation was 

A.a V p was equal to 

the equation then b eoame 

(n rm V .  
p 

i mi __ 
4_Q.., . ...  

A 3 s l4 X2 

2 .  76 f1i 1111 4Q 
3 .14 x2 

9 
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The s cale ratio  be tween mode l and prototype i s  the rati o of any two 

s imi lar dimensi ons . Since the inle t diameter of the mo de l was l o5• 

feet and the prototype inlet d iame te r  was X, the s cale rat i o  1118.8 

X r.s 
When thi s  was substituted into the pre _oeeding e quati on ., . it  be came 

2 . 1a / X • 4
Q or x5/2 • O e565Q 0 

l .S 3 o 14X2 

wh i ch when s olved t_; ave 

X • o.  797</ •4o 
Bu ckingham • s  n theorem s tates that i f  stru ctures are si milar . 

, , the ratio of any one dimension to the remaining d imensi ons defining 

the geometry of the boundarie s taken one at a time , must be e qual to 

the ratios of omTe-.pondiD& dimens ions taken one at a time in the o the r  

stru ctures , that 18 

xi .x - - -' a ' a 
... 

The primes denote mode l dimensions and the others the corre s ponding 

prototype dimens i ons . 

In determining the general d imens i ons of the we i r  box from the 
model , X was taken as the inlet di ameter and the ratios of thi s d iama 

ete.r to the other dimensions , taken sing ly 11 are s hown on figure 1 3 . 

To - dete rmine the dimensi ons of the prototype . compute X from the fonnula 
.40 .X • o.7 97Q and multiply the resu lt by the _ _  r_a_otors -ahown- en - f--igure -1:S-e- - -

- - Tl,:e- -only- dert-atl on -:fro�- this i s  in the s pacing and s i ze of the baffl_es . 

They have been standardized and should be s pace d ,and of' the si ze as 
shnwn on f igure 1 3 . In general , it wi ll  no t always be poss ible to ob• 
tain a pipe s i ze corresponding to the value o f  X in the formula . When 

this ooours the s ize ne ares t  the value of X should be us ed ,  bu t the 

value of X should stil l be used to dete rmine the s tru cture dimens ions . 

The dia �harge over the we ir was determine d  from the mode l where 
. 3/2 it was found that the coettio1ent C in the formula Q • CLH was equal 

to 3 o 34 o  To "maintain smooth approach flow to the we ir it wi ll be 

10 
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ne ces sary to l imit the s traig ht-ahead flow to 60 per cent or the maximum 

al l owable Q at the inlet o For accurate me asuring or the head over the 

we ir a well  should be provi ded w.1. th the ope ning throug h the wal l looat• 

ed as shown on figure 13 0 

In the development of the we ir-box design . several type s  of baffle a 

and vari ou s  arrang eme nts were te sted and none except that shown on fig• 

ure 1 3  g ave sat i s fa ctory resu lt s o Baffle s with the opening s verti cal , 
while more des irable from the s tandpo int of  removi ng trash . di d not 

sti l l  the fl ow suffi ci ently to kee p the water surfaoe from flu ctuating 

with the ' su rg ing in the stil l i� area . In g ene ral , the fl ow in the 

stilli% area �-as upward with con s i de rable boi l ing at the surface for 

maximum f l owo Verti cal baffles had l ittle effe ct in chang ing the 

di re cti on of the upward flow be fore it le ft the sti ll ing area whereas 

the hor iz ontal baffle s oompletely destroyed it o The two large block 
baff l e s  just be low the entran ce hel p  break up the jet i ssuing from the 

pipe and are of oons i derable value in sti l l in."" the flowo 
The l os s e s in the structu re from the n nstream end or the di ffuser 

to the water surfa ce  

found t o  be equal to 

ab ove the we ir were taken on the 
y 2  

1 .75 x at the maximum flowo 
2g 

mode l o  They we re 

s .  The we ir box wi th no s i de-del i very. The stru oture s hown on 
I 

figure 14 , was developed for straib ht-ahead de l ivery. It i s  s imil ar 
in de s ign to the combinati on s ide and s trai�;ht-ahe ad de l ivery .  exoept 

that the still  in,; are a  i s  smal ler and_ t_h_e_ _ 'baffl ing arrang-ement- 1111.,- - - -

- - - irraa.\fa:ced - open-iIJf;-S e  The hor i z ontal baffle s a.re of the s i ze s h c:mn  on 
figure 1 3 . The 3 •  by 6-inoh b affle s should be pla ced wi th l o25 •in oh 
openini:, s for e verti cal l'\ i s ta;.. ce of  approximately O o 2 8X 11 then 2-inoh 

open s paces .tbr o.44X, 2 .5 ... inoh openings for o. 61X and 3-inoh open 

s paoe s  for O o 90X to the approxi.,nate top of the we ir .  The remaining 
s paoe s  are to be 1 .25 inches from th e top of the we i r  to the top ot 

the box . The s:nalle r s pacins at the top remove s most of the ripple s 
oaused  by the surface fl ow through the baffle s o The · sur face ripple s 

had no e ffe ct on the d i s charge ooe ffi oie nt but their  el imination im0 

proved the appe arance of  the flow. 

11 
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The coeffi cient of di s charge C as determined from the l aboratory 

we i r  was 3 .3 3  in the formula. Q ""  CLH3/2 • The loss es through the 
V 2 stru cture at maximum flow were found to be 1 .54  x o 

7 .  The we ir at the Gravity Mai n canal turnout .  The .fl ow through 

the structi re wi l l  be control led by a rad i al g ate ., and d i s oharge is to 
be measured by a 20-foot we i r ,  located a short di stance downstre am, 

fig ure 15 0 Alternate de s igns were proposed for the trans iti on . The 

f irst -vvas a s traight-l ine transi ti on to the flume se ction, the other 
was a ci r cu l ar curve from the 2 0  ... foot to the lO•foot width . In the 

l s lO s oal e mode l the 20-foot leng th between the we ir and the d iverging 
se cti on be low the gate was incre ased to 40 f'eet o The straight-walled 

trans it ion was constru cted fi rst be ca:1se the alte rnate ourve d se.oti on 
oould b e  added to the mode l without undue alte rati on. 

The first tests we re oondu oted on the model wi thout bat.fl ing of 

the fl ow under the g ate o Thi s resulted in a peri odi o su rg ing o f  the 

water su rface above the we ir aooompa.nie d by a boil ing a �ti on at the 

surface and other turbul enoe ., The additi on o f  a row of four dentatea 

l o cated in the €; ate se cti on e l iminated the peri odi o surg ing , but oaused 

su ffi ci ent surface rou� hne s s  &bove the wei r  to u pset t�e ooeffi oient o  
The oondi ti on was nearly el iminated by a baffle wall lo cated at the 
end of' the gate se cti on and extendi ng be low the water s urfaoe . but to 

quiet the flow at low di s charges  the baffle had to extend so  far below 
the su rface that .at :maximum d i s  oharge a b o il forme d in the area iJllne• 

di ate ly upstream of the we i r o  
As the re wa s  suff i cient he ad , the we ir he ig ht was inore ased from 6 t.o 

7 .5 feet to obtain more area under the baffle . With thi s arrangement 

the re was a de o:i.ded improvement in the wate r surface above the we ir ,  

however 11 it appeared that th e  baffl ing a cti on o f  the dentatea was too 
severe . The four dentates ·;e re re placed wi th a comb ination of two rows 

oons ist in;; of 3 and 2 dentatee as shown on t'ig ure 1 6 0 This was a fur• 
ther improvement , howeve r ., it was ne ce ssary to add another surface 

baffle to obtain the de s ired reaults e 

12 



The canal below the we ir was on a slope su ffic ient to support a 

vel ocity of approxi mately  16  feet per se oond o To conduct the flow to 

thi s se cti on , two alternate type s of transitions were tentatively pro• 

posed , figure 15 0 Each of these de signs was based  on the assumption 

that e. hydrauli c jump would form immedi ately downstream of' the we ir and 

cri ti cal flow would be obtained at or near the b�g inning of  the lOmfoot 

canal wi dth o The initi al te s ts showed that a jump did not form below 

the weir wi th either of the trans itions in plaoe o Inste ad the super

oriti oal vel o city of the weir jet continued throu6h the sti l l ing area 

and formed a high standi� wave in the center at the beginning of the 

10-foot se otiona With the straight-s i1ed transiti ons a jump was for ced 

to form immediately be low the we ir by the use of a sill  or by raising 

the lO=foot canal section , Thi s ne cess itated an incre ase in freeboard 

so this de s ign 11V8.S dis carded in favor of the curved-wal l trans itiono 

Satis fe.o tor:; fl ow was obtained bel ow the we ir and in the ohute by 

raisillf; the floor elevation · irmnedi e.tly downstream of the weir p placing 

a step  in the bottom at the point of tan6enoy of  the s i de wall ourves.  

and adding a. row of dentates in  the sti lling are a o  The dentates were 

added to de crease the jump length between the weir and the transition 

and to insure a change from supercriti oal to sub0oriti oal velocity in 

the still ing areao The step improved the flow at the entrance to the 

10-foot oanal o It prevented the excessive drawdown in water s urface 

around the cu rves and caused  the fl ow to accelerate g radually until 

it reached the canal vel o oitye The des ign for the prototype as deter

mined from the model is shown on figure 16 . 
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