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i, :Difficul~ has been ~eacountered for some time with the 

operation ~of the above sta~ctures ~ the field. The design section, 

'therefore, requeste~ models constructe~ of s~e ~pIcal instai±~i~s. 

-~d~ a~ effort tc reme~$ the ~undesirable .c~di~ons of flow, 

• response, .the :hydraulic l a b o r a t o r y  constructed and ,tested f o u r  ,models, 

all on a :scale ,of I to I~, ~between the ~tes of Oc~ber l, 1937~ 

March l, 1938. The ~ollowlng is ,'a report on this work. 
~ _ 

2. :Simce .the length of .,the ,chute cLrops at stations ~81+00 

e~d '6.~7,~0 .were" e x c e s s i v e ,  complete  mode~s :could n ~  5e ,ma~e but .~he .. 

.,f~' ,1£~ng ~ o o l s  were assimilated :bY i n s e r t i n g  an adjustable rec~a~ 

o~i~i~@ ~Jh~ch ,d~scha~ged :Lu%o a short ~ec~ion of  the chute. The F~oper 

- ~ l o o ~ . ' a t  .the entrance  t o  t h e  pool  .was o b t a i n e d  :by m a n i p u l a t i o n  o£ 

• , - ~ h e , o ~ c e  ~o o b t a i n  t h e  •correct  c ~ o s e - s e c t i o n a l  a r e a  ;at ~h:Ls-point 

:,/:~:;:~:~.i::". " . "  / . : ~. ,. ,lg:lJloe- ~he  , l~t,~:~m~ !poe1 :of  ~ e  ; d r o p  a t  : s ~ % l o n  -~81400 

. i:,.,~, ~'..~ ~i " " (f~e ~:) "~led in ~h~ £isld, a replaoemeut was .necesssry which 

.#''~r '~; . . . . . . .  J"  ' ,, : ~ e l s  .were proposed t o  :imlmn~ve .~he .lmdes:Imable f l p l .  ~ o n ~ i s '  
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k" "," -.:i -.! i -: :~,.;om>g:d~sch~-'ge inc~ms~ ,t,o ,1,300 i~e.oond ~ee~i .,w"A:.~ ~he..~c~iP 
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wlth side slopes 6fi/2 to I. A transAtionssrved as an easement 

from this to the canal section. 

At the lower discharge of 1,136 second-feet the ~water 

surface was very rough, causing severe waves and surges in the ~un- 

lined~canal section. Various sills were tried on the slope and un 

the horizontal apron with little improvement. 

~. The model ~was thenchanged to conform %0 figure 2, 

design A, which differed from the previous design in that the ~pool 

walls were vertical. The re~uitlng flow conditions were ~Amproved. 

Additional improvement was accomplished by diverging the pool walls 

in a downstream direction. With this set-up, it was then possible 

to shorten the length of the ~pool by 20 feet. 

Due to the lack of sufficient tail-water data it "was de- 

clded•to install a sill in the pool as a factor of safety. Numerous 

combinations of toothed aprons and sills were ~tried until satisfac- 

tory flo~ conditions were obtained (figures 3 to 6, inclusive). ~It 

• was necessary to raise the downstream elevation of the transition 

one ~foot to prevent the water from going over the top at the maxlm~ 

discharge of 1,300 second-feet. The ~recommended design :for tbls 

chute drop is shown on figure 2. 

.Chute Drop a.t iStation ~67~+O 0 

5. This model was made to conform to t h e  ex i s t i ng  f i e l d  

s t r u c t u r e  ( f igure  7, o r i g i n a l  design) .  Since the Jet  sprang f r ee  

of the c h u t e  a t  the lower~v~qrtical curve for  :the o r i g i n a l  design 

discharge of 1,136 second-feet,, t h e  f i r s t  problem was to redesign 

this curve (figures 8 and 9). ~The new design was baaed on a dis- 

charge of 1,300 second-feet (ifigure 7-A). Typical flow conditions 

invariabl~ obtained in trapezodial stillin~ pools were observed. 

The narrow Jet of water issuing from the chute does not spread; 

hence, the Jump is effective Only in the center of the pool. Since 

the tail-water elevation is greater than that of the water surface 

at the front of the jump, a flo~ in an upstream direction persists 

on both sides of the pool. This water again contacts the Jet at 

the entrance to the pool, goes through the Jump, and again returns 

i I 

2 
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~lUORE 4 

D ~ E  1300 ~OND-FEET - TAI~TER ELEVATION 4a21.74 

DISGORGE 1300 8~COND-FEET . TAILWATER ELEVATION 4S22.64 



]FIGUI~ '5 

DI~CI~tl~}E If=W3 8EOORI)-I~'I ~ . T A I ~  ELEVATION 42~I.2g 



FIBRE 6 

]~00 ll~0RD~,FJ~r - TAIIN£TER ELEVATION 4281.74 

DISC~4RC, E 12~)(> ~COND-FEKT - T A I ~  ELEVATIbN 48SS.64 



. : / = ' 7 ~ ' ~ , Y £  7 .  

i 
L. ,, ~ .  ~ . ~  . . .  ..4 

• ~ , ~ , , ~ .  , ~ . . . ~  

i 2~ ' ,  

i " 

' /~  

"-7 
i.. - ~  

I 

I 

i 

. . . , -~- ,  . ,~ ~ .o, ;,-- 

_~. J ~L.J ~ ~'~ ~"  

• ,~:.~ .~ !~.  '~~.~ 

' ,, . e - ~  ~ ~:~i..~ 

l : K  "~'~ ., ,'* " .--.; 

-" , ,~ ::,..~- ! ,. 

.. .... . ~ ~ ... ,, ~ .'!, 

I 

! 

1 

, I  

I 

I 

I 

i 

-,~ 
, "~ :  

. . t - ,  

o 

\ 

\ 
"\ 

".~ , / /  

-, ---~,-- ~ ." .~ • ,. 

, ~ 

1 

~ , ~ I . . .  • . : : . ~ ~ .  

'-%~-'~., ' 

- |. 

".I ,, q. 

Z!: i:iii :i 
• ,I 'i :~i 
,... :, : 

I 



FIGURE 8 

~FIZ~ 

D~SCIIARGE 980 SECOND-FEET - TAILIIATER ~LEVATION 4067.86 



DIB0]~L~OE 1136 1~-.4]~iD-:FE~T -, T.AII~ATER ELE~] :0N 4067.86 

DI~ARgE ,!300 ~ND-FE~T - TAIIBATER ELEVATION 4068.47 
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. bywayof the aides of~,the~pool. As a,~reeult, ,.the~wa~er :fAn' the 

pool assumes, a conetant,,whirling,,mot!on'iln! both :directions. With 

low tail water, the water in the~ pool occaalonally'w~led ~In~'one 

direction ! by changing • the !direction of ~ the Jet wi~h a board ~ the 

whirl could be reversed. The~ return flow on the sides of~thia 

type of pool produces an unstable conditlon ~which causes a splashing 

on the sloping sides reault lng~in' transverses,waves which would en- 

danger the aide slopes of an. earth ~canal. i~•The~ eloping ~ pool walls 

give rise to a beach effect and the surface !disturbances thus 

created are translated to all!~points of'thelpool with the result 

that the water surface is ~continually in a choppy state. 

Previous studies indicated that the'proper ,shape ~of this 

pool should be~ rectangular. For ~ economic reasons thepool .as con- 

structed as shown on figure 7, deslgnB. This gave~nolmprovement." 

However, when the vertical walls,were extended the .full~hei~ht of 

the pool (figure 7, design :C)' batter i flow conditions ~ were obtained. 

Due to the narrowness of the,section a toothed apron and alll~were 

necessary to obtain satlafactory flow conditions. This design :was 

recoms~nded by the laboratory but the design depart.~ent !felt that 

the cost of such a structure would be~, excessive. 

The original deaign~pool~was again constructed and vari- 

ous types of teeth and sills were tried:to-apreadthelJet as It 

entered the pool. It was neceesary to false the elevation of the 

transition walls to prevent the splash frc~ golng over the top. 

The proposed design is shown on figures~7, I0, and iii. Water s~- 

face profiles of the pool are shown on figure 12. 

I 

o 

Drop at~ Station 738+85 

6. The model of the drop~at station 738+85~ conformed~:to 

the field structure as shown on figure 13. .Thisdrop was~of~euch 

proportions that it,was impossible~to obtain a real,-h~draulic Jump 

as shown on figures i~ and 15. Instead, merel~ a,surface disturbance 

was evident. An examination of the curve, shown below, will be en- 

lightening. The energy ~ content per foot of width is ~low: and the 

depths, dl, (depth upstream from Jump) and d 2 (depth downstream from 

3 



FIGURE I0 

f DIS~ARQE 1136 ~FIMr - ~  ELEVATION 4067.86 
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Jump) differ by only a small amount which bring8 this structure 

near the left side.of the curve where the .J~p approaches a 

standi~ wave. As it was impossible to obtain a usef~l h~draulle 

J~mp, an alternative_ was to provide means for expanding the ~et 

Energy Curve 

and distributing the velocity as unifor~ as possible across the 

pool. E~tensive tests resulted in the proposod designwhloh is 

shown in figure 16. Flow conditions are shown on figures:17 and 18. 

Slope Canal Headworks 

7. The model of the h~adworks confor~d to the £1eld struc- 

ture (figur~ 19) the essential parts being a transition into a tunnel 

which contained the three gates and another transition from th~ tun- 

nel to the canal section. Severe erosion occurred in the unlined 

canal as a result of the Jet shooting through without spreading to 

form a hydraulic Jump (figures 20 and 21). The Jet followed one side 

of the transition, causing a large whirlpool. The direction of the 

whirl could be reversed by deflecting the Jet to the opposite side. 

For economic reasons, a revision of" the present structure was desir- 

able. 

8. Various shaped humps were tried at different locations 

on the pool floor as shown on figure 22. It was possible to obtain 

satisfactory flow conditions with the tunnel air vents closed; hob- 

ever, under this condition the hydraulic jump formed inside the 

turn,el and produced a severe vibration• Hence, it was necessary to 

abandon this set-up. 



The next t:'ial consisted of placing a pier ~ the pool to 

spread the Jet. Several piers were tried as shown on figure 22 but 

no improvement in flow conditions was obtained. 

A stop-lo~ weir in conjunction with the si3l, (figure 23) 

gave a satisfactory solution. At low discharges the flow passes 

through the eight-foot opening in the weir (figure 2~). It is 

necessary to have this opening when the reservoir elevation is low. 

At the higher discharges some energy is dissipated by" impact of the 

jet falling over the weir. The rema~,i£ velocity is distributed 

uniformly over the width of the apron (figure 25). The proposed ~de- 

sign is shown on figure 26. Calibration curves are shown on figure 27. 

J. E. Warnock. 
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