


*fie maticel i u v e s ~  on the wave 
suppressor devlicc for the Pkkant-Kern outiiit 
works were cal3du1cted in tlie Eqfnedng k3o- 
ratorices raf the Bureau of Reclamatton at Denver, 
Colorado, durfng, August and September 1954. 

The secs,mmerrded dmdce evolved from 
this study was CYeveInped t h n ~ ~  the cooperation 
of the staffs of the Concrete .Dams Design Section 
and the Eydraulic Laboratory;. 

During the course af the madel studies, 
Messrs. L. G. F%&, Adsx Ford, Abe Okhnsky, 
K. H', Cash,, anel others ob the Concrete Dsms 
Design Section frequently visited the laboratory 
to ~bssrva? the model tests and discuss the results, 

The studies were conducted by Mr. T. J. 
Ethane m1er the dhect supewrsion of Mr. A. J, 
Peterka, 
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SUMMARY 

The hydreulic mczdel studies described in this report were 
performed to develop a structure which w ~ u l d  reduce the he'ight of 
waves generated in the outlet works stilling basin and which ovtr-  
topped the concrete lining in the Frianl-Kern Canal. Operation of the 
prototype! structure at hi@ canal discharges had s l a m  a very rough 
water surface that produced waves in the canal. about 8 feet hi@ at 
4,000 cfs, 

A 1:32 scale hydraulic model w i p e  2) was used to develop 
a wave suppressor which could be added to the exist- s t m c t w e  with- 
out the necessity of revising the structure itself. Several. types of 
wave suppressor devices were investigated during the tests, hciuding 
Qmtirzg rafts, an increased number of baffle piers  in the stilling basin, 
and a ser ies  of curtain wollls downstream from the s W g  bzsIL1. 

The most effective wave suppressor consisted of a culvert or 
short  tube underpass pilaced so, that all flow passed throw the smppres- 
sor and dampened the water suzfacc fluctuations for all flows greater 
than 2,000 cfs, F I ~ ' % - S .  Tbe tes ts  showed that the efieckfveness of 
the underpass was directly proportional to thlr length; longer culvcfks 
resulting in greater wave heigbt reduction, Figure 6, Test  No. 3. 
Considering hydraulic as well  as cost considerations, the labratory 
engineers and the Gesigxrers agreed that an rtndeslpa?2s 20 feet La length 
provided sufficient ovextopphg protection to the canal. Waves lentering 
the emraf were reduced to about 2 feat.in heiglht, atod i t  would have been 
necessary todouble the suppressor length to further reduce the 2-foot 
waves to 1-foot waves. 

Pie~omePrKc measurements were  made on the u 
wall and the roof of the 20-foot-long underpass, Figure 
measurements showed that the forces acting on the structure were  
small. 

Wave meas~remeats made at  Station W30 showed that the 
underpass was effective as a wave dampener for all  discharges above 
2,008 cfs; reducing the magnitude of the waves from 8 feet Oo 2 feet 
a t  5,000 cfs and from 3 feet to 1 foat at 2,000 efs, Figures 6 and 7 .  



Friant Dam, located oar the upper San Joaquin River about 
20 miles north of Fresno, CaEifornisr, is a part of the C~entral Valley 
Project. The Friamt-Kern @and furnishes part  of the water for the 
San Joaquh Valley, The c d  distributes water between FFiant Dam 
and the Kern River near B;ikcrsfield, California, about 160 miles 
south of Friant Dam. 

Flow into the Friant-Kern @and is regulated through four 
96-inch hollow-jet valves which have a combined capacity of about 
5,800 cfs at reservoir  elevation 579, The water discharges hari- 
zontally from the valves onto a long trajectory apron and into a short  
stilling basin. A vertical center w d l  divides the stilling basin into 
two sections, Figure 1.. From the stilling basin the flow passes 
through a 510-foot-wide rectangular channel about 300 feet long before 
entering the d. The bottsm width ~f the earnad. is 36 feet  with 
1 -1 14: 1 side slopes ., 

Although Ohe Friant-Kern Canal has been in operation for 
several years, recent, water demands have made it necessary to in- 
crease the d i scha~ge  by about 20 percent, With these larger flow 
quantities sevc,m wave action made it imperative that corrective 
measures be taken. At 4 I a  000 cfs the waves in the transition and 
canal overtopped the c a i i  bank;  at  times the w c ~ s o  reached 8 feet 
in iteight and were sufficicntiy strong to carry off sand bags %at had 
been placed along the top of the canal banks $0 reduce the overlapping 
effects. Since i t  was also co~~tcmplated that future water demands 
might increase the discharge tc even g r = t e ~ !  quantities, it was rc- 
quested that  model studies be made Xs develop a device to stiU the 
wave action. 

T?W MODEL 

The mod& was built fo a scale of 1: 32 s o  that 5-inch 
hollow-$el valves readily available in the laboratory could be used 
to represen! the 96-inch prototype valves. The model included the 
Pour hollow-jet edves, the trajectory curve and stilling basin, the 
rectangular channel, and about 600 feet of canat, Figure 2, 

The stilling basin m d  rectangular charnel were coastructed 
of plywood, the trajectory curve was formed from lightweight galva-, 
nized sheet metal fastened to wood templates, and the cornail. section 
was represented by concrete screeded to sheet mekd templates. 
The baffle piers and dividing pier were m d e l e d  in w d .  

Water was supplied to the mdd through %fie permanent 
Yaboratory supply system and measured with a $-inch Venturi meter, 
The head on the valves was measured by water manometers connected 
to piezornetcrs located one diameter upstream from each valve, Fig- 
ure 3. Wave measurements were obtained both visually and by an 



were made on the Icft b a d  of the easral at the downstream edge s f  the 
transition, Figure 2 The height of the waxes was taken as the dif- 
ference between the mrarfmem peak ant$ lowest  trough as observed 
during a p e r i d  of about 3 minutes, 

The flow depth in the canal was cmtmllrtd by m tail gate at 
the downstream end of the model, E.te flow depths were set from in- 
formation obtained from hNo sources, one was the calculated depths 
furnished by the designers and the second was ac~tualrneasureddcpths 
from field observations at the pr&btype stntclturt,., The field obser- 
vations were taken at three discharges, 3,225, 3,500, axxi 4,006 a s .  
For the diMP twodischarges the designdepths andl the observeddepths 
were the same, however, at 4,000 cfs the obsehurlrd depth was Q. 52 
foot less than the design depth, Twa flow versus depth ~$~,~7fes were 
prepared for the model studies dw order to be sure that  Qtaesuppressor 
would be adequate under efthe;. aperating coaditioail;; me came was pre- 
pared frmm the computed values and the second by ertrsgoleting the 
observed values. 

TfZE INVESTIGATION 

Operation of the prototype structure hsd been observed and 
photographed at cfischasges af 3,225, 3,500, and 4,000 d s .  Themotion 
pictu~es, made it possible to view prototype op&~a . th  in the laboratory 
and to compare the xnagniguele. of the water surface flucbtiuns with 
those in the model. The model waves in shape and magnitude appeared 
to be similar to those in the motion pictures, particularly those arbme 
3,500 cbs. Sbee future water demands wi l l -uceed this figure, it was 
decided that a wave dampener be dwetaped that was satisfactory for 
~ O W S  up to 5, ooo C ~ S .  

Figure 3 shows the now appearance in the model far dis- 
charges of 3,500 aurd 5,000 cfs. The water surface Illmctuation, meas- 
ured afi the downstream end of the transiuan on Ohe sloping canal bank 
showed rr vertical variation of about 8 feet zit 5,000 cfs and aPrarrxst S 
feet at 3,500 cfs. 

Waves in the stilling basin itself were nat excessively Large, 
but were magnified by the transition before they entered the canal, Smce 
the stilling basin performance was satisfactory a& tbe only problem 
in operation was the high waves, it was felt Dhat a wave da.mpene!r of a 
type that codd be added to the adsting structure withscit other modiff- 
cation was called for; adso field construction had to be completed in 
the relatively short  time between irrigation se=ons. 

Prebfrary tests showed that additioxsd baffle piers placed 
iils the stilling basin had a tendency to increase rather than reduce the 
magnitude of the water surface fluctuations, Floating rafts also failed 
to materially reduce the wave action in the canal so no extenshe in- 
vestigations werepe.i.formed en  either of these rne?h&s, Other devices 
tasted are discussed below. 



T h e  u s e  of curtain walls had proved effective in solviuJgother 
wave prabllems where the Rowt quantit ies involved had been eonsider- 
ably less than those involved in t he  Fkianlt-Kern tests. However, i t  
w a s  fe l t  that two or more curtains might p m e  adequate in reducing 
the waves in the current problem. 

The initial tests w e r e  m d e  with two curtain walls; one wal l  
was placed at Station 4+18,02 in the channel, Figure 4. The Power edge 
of the wal l  was set 8-P/2 feet above the cha~ancP noor in order t o  be 
effective at l awer  discharges. A second, cur ta in  wal l  was set over  tPle . 
baffle blocks about 45 feet ups t ream from the f i r s t  wall  with the lovoer 
edge resting on tog of the baffle blocks, I1 feet  above the channel 
floor, Figure 4. Both walls were vertical and extended the full wid* 
of the channel and to the  full height of the s i d e  walls. 

The curves in Figure 4 show the vertical water surface vari- 
ation at various discharges .  At 5@09 cfs 8he two curtainwalls r e d u c d  
the magnitude of the  waves from &out 8 feet to 3.3 feet; althougb this 
was a considerable  ixnprovement the waves s t i l l  had a tendency t o  
overtop ?.be cand banks. 

A third curtain wall  was next ins ta led  about 55 feet down- 
stream from the first wall, or at Station 4+?3, Figure 4. The bottom of 
th is  wal l  was placed 10 fee t  above the channel floor. The wave heighks 
far various discharges are also shown by the c u r v e s  in Figure 4 .  The 
third wail was effective in reducing :he vertical vas i a t i a r  t o  about 2.2  
feet a t  5,000 cfs. 

Although the three cud& walls w e r e  effective in reducing 
the water  surface fluctuation to  reasanable  limfis, there.wns s t i l l  a 
tendency for long-period surges and swells Do pass tbrouert, or under 
ail th ree  of the wadls. Although these  surges w e r e  not as extensive 
as the origir.al w a t e r  surface fluctua'cionrc, they were still unsightly, 
and combined with the general complexity of the  structure it was de- 
cided to investigate the u s e  of a shor t  tube underpass  type of wave 
suppres so r .  

Sort  Tube Underpass 

A shor t  tube underpass consisting of a horiz~ntral. roof s e t  a 
specific distance under the wate r  surface snd ver t ica l  upstream as.d 
downstream headwalls was investigated, Figure 5. Preliminary trials 
showed great promise  in reducing the wave action in the canal so tests 
w e r e  performed to  determine the  mos t  favorable location and dimen- 
sions. T h e  governing c r i t e r i a  in all the t e s t s  were  the visual appear- 
ance of the flow and the wave heights as measured  at the downstream -. 
end of the transit ion sect iox-  



T h e  initial tests. performed with a roof 21 feet in length, 
were made to determine the best longitudirtaf positioning f a r  &e 
structure. The most advantageous locatian was witb Lhc dor~nstx-eam 
end of the underpass placed just upstmam, from the P. C ,  or apprm- 
imately a t  Station 4+18, F i v e  2. When dlhe underpass was placed 
a short distance upstream from Unis location it was in the turbulent 
zone of the h y d r d c  jump and there was a tendency for some d the 
turbulence to pass d e r  the Foad md to cause wawes nn L.he down- 
stream side. m%en tbe underpass was placed downstream from the 
P. C . or in the curve, its effectiveness was reduced, probably due 
to the aspmetry of the now leaving the underpass 2x1 the curve. 
When the unde!rpass was placed downstream from the curve i t  was 
too d o s e  to the car,a.  There was a slight amount of turbulence on 
the surface of the flow leaving tbe underpass, and it was desirable 
Jio have a short &sra\nce of channel for this twb-dence to'quiei be- 
fore entering the trajnsitian between the channel andl the: canal. since 
the kansifi,~~ greatl~ magnified any surface fluctuations. F o r  all af 
the subsequent tests  the downsbeam end of the unde-=.pass was placed 
at Station 4=l8. 

Underpass Hefghk 

In d e t e ~ ~ g  the optimum opening between the underpass 
roof and tP1s channel. floor, the LL-foot-loag roof was located at Sta- 
tion * I 8  and the model was operated a t  a dischurge af 5,000 cfs, 
The vertical psitien of the d was varied and wave heigrt meas- 
usemerris obtained f o r  six W e r e n t  locations, The wave height 
rneasaurements ware obtdned by measuring the distance betreen 
minfmurm and maximurn water surface fluc?u;rtisws aa the doped 
canal banks just downstream from the transition. Figure 2. This 
variation was conve r t4  to s vertical. fluctuation for later eompari- 
sun with the electronic wave measurerrmexats. The results of the op- 
timum opening Rests =e shown as Test No. 1 m Figure 6. A s  shown 
by the curve on this figure, the optimurn position af ttlht roof is h u t  
1 1 feet above tlcle canal floor; however, the rod could be placed from 
10 to 92 b e t  above ihe floor with negiigible variation Erm tbe results. 
The dotted portion af the curve is the estimatedl eaect  for openings 
greater then 14 feet. 

Underpass Length 

The next test was performed to determine the effect of roof 
length on wave reduction. For O h i s  test the dg)~r~natre=m end of the 
underpass was placed at Statian 4t f8  with the roof se t  I I  feet above 
the chamell Qoor Both the discharge and lesgtht of rod were varied 
and wave nneasuretnents &tab& at the downstream end of the trans- 
itior. Roc~f lengths of 10, 21, and 40 feet were tested at discharges 
of 2,000 to 5,000 cfs in 500 cfs intervals. The results of these tests 
were plotted on the curves labeled Test No. 3 on Figure 6. (Test No. 2 



reduces the water ;urfacc f luc?us~ion about 75 percent or f rom 8 Teet 
t o  2 f ee t  in magnitude while a further increase  in w-dez-pass length 
from 28 to 1 0  feet ~~ecornpl i shed  ody an addilkisnal 1-fwt decrease  in 
wave height. 

On the basis of these results an d e r p a s s  20 feet  in length 
was selected f o r  ia7sU;ation in the prototype s t ruc ture .  Although the 
water surn-face Ructrmaion was s t i l l  2 feet in magnitude it was thought B 

that a fur ther  reduction in wave height would not be worth the greatly 
increased cos t  of a longer  underpass. 

D 

Performance Tests ,  Recommended Underpass 

T h e  f i n d  tes t  on the wave suppressor was made with the 
r ecaamended  underpass. Wrrtez sur face  ~ucl tua t ions  fo r  the f i i  
discharge range w e r e  obtained, Figure 7 P r e s s u r e  readings along 
the rmf and upstream headwall f o r  the maximum discharge were 
a l so  obtained, Figure 8. 

T h e  pressures on the upstream headr*,atl were  at all t imes 
either equivalent. t o  the hydrostatic pressure or slightiy less, hdi- 
cating that the average force on the Ireadwall was negligible. Since 
the pressures were measured wi th  piezometers, the inertia of the 
water  column in the indicating manometers prevented reading the 
momentary impact effect of' the waves, however, allmanee fo r  wave 
impact should be made d u r l ~ g  design. The  p r e s s u r e s  along the roof 
of the underpass were  less than atmospheric at 5,000 cfs, F igure  8, 
showing that there was no uplift on bhe slab, but r a the r  a tendency to 
hold the s t ruc ture  dovm. The reduced p r e s s u r e s  along the roof are 
comparable to Lbose occcarrring in an outlet or shor t  tube with a sharp- 
edged entrance. T h e  flow contraction a t  the entrance produces the 
slightly below atmospheric pressu re .  

T h e  wave heights alr water surface fluctuations were meas- 
und for the fPIU range of d ischarges  by an ePectrofiic wave tecoi t ie r  
placed at the dwvnstreaxn end of the transition. The measurements  
were made bosh with turd wilthout the wave suppressor installed so 
that the effectiveaess of the suppressor  for all discharges  could be 
shown. The results of theslt measurements  are plotted as Test So.  2 
on Figt~re 6. These  curves  show that the suppresso r  has some effect 
a& all discharges where the water svrface  is in contact with the cul- 
ver t  r o d .  The device becomes ineffectiree f o r  d ischarges  less than 
a b u t  2,008 ds, depending on the depth in the canal, Since the water  
surface Ructuatitrr, or  waves are less than 1 foot in height at this 
discharge and the normal  depth is wel l  bslm the top of the canal  
iining, the suppresso r  s;hould be adequate in this respect .  

Figure 7 is c o m p s e d  from the actual  electrically recorded 
t r a c e s  of the water su r f~ace  f luc tua t iw.~  in the model, The t h e  and 
magnitude scales have been converted tct prototype dimensions,' 




















