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FOREWORD 

The model investigations on the wave 
suppressor device for the Friant-Kern outlet 
works were conducted in the Engineering Labo­
ratories of the Bureau of Reclamation at Denver, 
Colorado, during August and September 1954. 

The recommended device evolved from 
this study was developed through the cooperation 
of the staffs of the Concrete Dams Design se·ction 
and the Hydraulic Laboratory. 

During the course of the model studies, 
Messrs. L. G. Puls., Max Ford., Abe Olshansky, 
N. W. Cash., and others. of the Concrete Dams 
Design Section frequently visited the laboratory 
to observe the model tests and discuss the results. 

The studies were conducted by Mr. T. J. 
Rhone under the direct supervision of Mr. A. J. 
Peterka. 
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UNITED STATES 
DEPARTMENT OF THE INTERIOR 

; ' BlJREAUOF RECLAMATION 
. ·• .. . ... 

Commissioner's Office 
Engineering Laboratories, 
Denver, Color ado 
August 1, 1955 

Laboratory Report No. Hyd.;395 
Hydraulic Labor·atory 

· C.ompiled: by: T. J. Rhone -
Checked by: -,:A~ · J. -·Peterka. 
Reviewed by: A. J. Peterka 

Subject: Hydraulic model studies on the wave suppressor device at the 
Friant-Kern Canal aeadworks. · · 

SUMMARY 

Th-e· hydraulic ,model studies described in this report were 
performed to develop a structure which would reduce the ·height of 
waves generated in the outlet works stilling basin and .which over'.­
topped the concrete lining in the Friant-Kern Canal. Operation of the 
prototype structure at high canal discharges had shown a -very rough 
water surface that produced ·waves,in the- canal about ·a feet high at· 
4, 000· .cf s. · 

A 1: 32 scale hyd'raulic model (Figure 2) was used to develop· 
a wave suppressor which could be added to the existing structure with­
out the necessity of revising the structure itself." Several types of . 
wave suppressor devices were investigated during the tests,· including 
floating rafts,. an increased number of baffle piers in the stilling basin, 
and a series of curtain walls, downstream from the stilling basin. 

The most effective wave suppressor consisted of a culvert or 
short tube underpass placed so that all fiow passed through the suppres­
sor and dampened the water surface fluctuations for all nows greater 
than 2, 000 cfs, Figure 5. The tests showed that the effectiveness of 
the underpass was directly proportional to the length; longer culverts 
resulting-in.greater wave h'eight reduction, Figure 6, Test No. 3. 
Considering hydraulic· as well as cost considerations, the laboratory 
engineers and •the des.igners agreed that an underpass 20 feet in length 
provided, sufffo:L.ent.- .ove,rtopp'ing protection to· the canal. Waves· ,entering 
the canal were reduced to about 2 fe-et in height, and it would have been 
necessary to double the suppressor length to further reduce the 2-foot 
waves to l •foot waves. , -

Piezcometric measurements were made on the upstream head­
wall and the roof of·the 20-foot-long-underpass, Figure 8. These 
measurements ·showed that the forces acting on the structure were 
small. 

Wave measurements made at Station 6+30 showed that the 
underpass was effective as a wave dampener for all discharges above 
2, 000 cfs; reducing the magnitude of the waves from 8 feet to· 2 feet 
at 5, 000 cfs and from 3 feet to 1 foot at 2, 000 cfs, Figures 6 and 7. 
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INTRODUCTION 

FriantlDam, located on the upper San.Joaquin River about 
20 miles north pf Fresno,. California. is a part of the Central Valley 
Project. The Eriant-Kerri Canal furnishes part of the water fe>r the 
San Joaquin Val:].ey. The canal distributes water between Friant Dam 
and the Ker.n River near Bakersfield, California, about 160 miles 
south of Friant Dam. · 

Flow b1to the Friant-Kern Canal is regulated through four 
96-inch_ hollow"".'jet valves which have a combined capacity of.about 
5,000 cfs at reservoir elevation 570. The water discharges hori­
zontally from tqe valves onto a long trajectory apron and into a short 
stilling basin. :A vertical center wall divides the stilling basin into 
two sections, Figure 1. From the stilling basin the flow passes 
through a 50-:fo9t-wide rectangular channel about 300 feet long before 
entering the, canal. The bottom width of the canal is 36 feet with. 
1-1/4:l side slopes. . . . · .. 

. Although the Friant .. Kern Canal has been in operation for 
several years,. 'recent water demands have maqe it necessary to in­
crease the discharge by about 20 percent. With these larger flow 
quantities severe wave action made it imperative that corrective 
mep.sures be tal;cen. At 4., 000 cfs the waves in the transition and 
canal overtoppep the canal banks; at times the waves reached 8 .feet. 
in height and were sufficiently strong to carry off sand bags that had 
been placed along the top of the canal banks to reduce the over.topping 
effects. Since it was also contemplated that future water demands 
might increase ~he discharge to even greater quantities, it was re­
quested that mocll el studies be made to develop a device to still the 
wave action •. 

THE MODEL 
I 

The ~odel was built to a scale of 1: 32. so that 3-inch 
hoilow-jet valves readily available in the laboratory could be used 
to represent tb~ 96-inch prototype valves. The model included the 
four hollow-jet jvalves, the trajectory curve and stilling basin, the. 
rectangular chapnel, and about- 600 feet of canal, J:i'igure 2. 

' The stilling basin and rectangular channel were c_onstructed 
of plywood, the trajectory curve w_as formed from lightweight galva­
nized sheet meteµ fastened to wood templates, and the canal section 
was representeQ by concrete screeded to sheet metal templates. 
The baffle piers and dividing pier were mod~led in wood. 

Water was supplied to the model through the permanent 
laboratory suppty $ystem and measured with a 4-inch Venturi meter. 
The head on the: valves was: measured by water manometers connected 
to piezometer.!;i located one diameter up1=1tream from each valve, Fig­
ure 3. Wave measurements were obtained both visually and by an. 
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electronic measuring and recording device. All wave meas·urem.ents 
were made on the left bank of the canal at the down;:;tream edge of the 
transition, Figure 2 . The height of the· wa,ves' was. taken as the dif­
fereribe between the maximum peak and lowest· trough as :observed 
duriJ:ig_ a: period of abou~ 3 minutes. ' . . · '., · ·. ' ' · 

The flow depth in the canal was controlled by a tail g·ate at · 
the downstream end of the model. The flow depths were set from in­
formation obt~ined _from· two sources, orie. was · the calculated depths 
fur:nJshed by the de.signers and the second· was actual measured depths 
from fi~ld'bbservatibns ·at :the prototype structure. _ T_he fieid obser­
vations were taken at three discharges., 3, 225, 3; 500, and 4,000 cfs. 
For the· fb:~st twcrdischarges the design depths and the observed depths 
were ·the same, however,· 'at 4,000 cfs the observed depth wa;s o. 52 · 
fdot less 'than the design dept~~· ,Two flow ,versus depth curves we_re 
prepared for the model studies in order to be sure that the suppressor 
would be adequate under either operating condition; one curve was pre· 
pared from the computed 'values all'.d the ·second by extrapolating the 
ob~erved ,values.· . · · · · · · · · 

THE INVESTIGATION 

Op.eration of the ·prototype structure had been observed and 
photographed at discharges of 3,225, 3,500, and 4,0oo· cfs. The motion 
pictures made it possible to view prototype operation in the laboratory 
and to compare the magnitude of the water surface fluctuations with 
those in the. model. _, The model waves in shape and magnitude appeared 
to be similar to those in the motion pictures, particularly those above 
3, 500 cfs. Since future water demands will exceed this figure, it was. 
decided that a wave dampener be developed that was satisfactory for 
flows-up to 5,000 cfs. · · 

,.Figure-3 shows the.flow appearance in the model for dis­
charges of, 3,500 and 5,000. cfs. The water surface fluctuation, meas­
ured at the downstream, end ofi the transition on the sloping canal bank 
showed. a verti~aLva~iation of-about 8· feet at 5,000 cfs and almost 5 
feet at 3,500 cfs. 

Waves in the stilling basin itself were not excessivelylarge, 
but were magnified by the transition before they entered the canal. Since 
the stilling basin perf ornianoe was satisfactory and the only problem 
in operation. was,the ~igh waves. ·it was felt that a wave dampener of a 
type that could be added to the existing, structure without other modifi­
cation was -called for; also field construction had to be completed in 
the relatively short time between irrigation seasons. 

. Preliminary tests showed th~t addttion.ai baffle pier$ placed 
in the stilling basin had a tendency to increase ratlter than r~_duce the. 
magnitude of the water surface fluctuations. Floating rafts also failed 
to materially reduce the wave action in the canal so no extensive in­
vestigations were performed on either of these methods. Other devices 
tested are discussed below. 
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Curtain Walls ! 

------· I 

The use of curtain walls had proved effective in solvingother 
wave problems wher,e the flow quantities i,nyolved had been consider­
ably less than those involved in the Friant-Kern test,s. However, it 
was felt that two or more curtains might prove adequate in reducing 
the waves in th~ .c,urrent problem. 

I . . 

The in1tial test~ were made with two curtain wall.s; one wall 
was placed at Station. 4+18.02 in the channel, Figure 4. 'J'.he lower .edge 
of the wall was :set 8-1,/2 feet above the channel floor in order to .be · 
eff.ective at low~r discharges. A second curtain wall wasget oyer, the 
baffle blocks alfout 46. (eet upstream from the. f~rst wall with the lower 
edge resting .on! top _of the baffle blocks, 11 feet above the channel 
floor, Figure 4.. Both -yvalls were vertical and extended the full width 
of ,the channel and to the full height of the side walls . 

. The curves in Figure 4 show the vertical water surface vari­
ation at variou~ discharges. At 5,000 cfs the two curtain walls, redµced 
the magnitude qf the waves from about 8 feet to 3. _3 feet; although this 
was a considerable improvement the waves still had a tendency to 
overtop the canal banks. · 

A third curtain wall was next installed about- 55 feet down­
stream from th~ first wall, or at Station 4+73, Figure 4. The bottom of 
this wall was placed 10 feet above the channel floor. The wave heights 
for various dis¢harges are also shown by the curves in Figure 4. The 
third wall was effective in ·reducing the vertical variation to about 2. 2 . 
feet at 5,000 cfs. 

Although the three curtain walls were effective in reducing 
the water surface fluctuation to reasonable limits, there was still a 
tendency for lo:bg-period surges and swells to pass through .or under 
all three of the lwalls. Although these surges were not as extensive 
as the original water surface fluctuations, they were st-ill unsightly, 

· and combined with the general complexity of the structure it was de­
cided to investigate the use of a short tube underpass type of wave 
suppressor. 

Short Tube Und~rpass 

A short tube underpass consisting of a horizontal roof set a 
specific distance under the water surface and vertical upstream and 
downstream headwalls was investigated, Figure 5. Preliminary trials 
showed great promise in reducing the wave action in the canal so .tests 
were performed to determine the most favorable location and dim en• 
sions. The go\i'erning criteria in all the tests were the visual appear­
ance' of the flow and the wave heights as measured at the downstream 
end of the transition section. 
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• . .., : 

.. ·' .. ::_-·:~'- 'fli_e· "-t:n#ial test's, ·_perforhied With a ~Oof' ·2r fe~t'-:fn l~ngth, 
wertfmade to determine the best longitudinal po'sitionm'.g 'for the . 
structure. The most advantageous location was with the downstream 
enq_qf the und~rpass placed_just upstream from the P.C._ or; approx­
i~~t~Jy atStat~pn 4+18, Figu.r~ 2. :Wheri the underpass wa~_placed 
a:,port dist.~ce 1Jpstream frQ:rn .this location it was in the turbulent 
zonE!· t;>f' the,,hydraulie jump and ·"there was a tenden.cy_for·:s6:me of the· 
turbuhfoce to pass·\mder the root 'arid to cause waveeLon tlie down- · _ 
stream side. When the underpass was_ placed downstream :troin the 
P. C , or in the curve, i~s eff~ctiven~ss was reduce4, ... probably due 
to the asymmetry of the now -leaving the underpass in the curve. . 
Whe~ t,he _ underpass was _place~ downstr_eam fro.~ the ~urve it was 
too close to the c:ianal. Th.ere was a slight amount of turbulence on 
ti\e. $'urf ~~;,· pf· *· ~o:w _ le,avirig :the ,underpass' . and: it wae(d~sirab_le 
to ha.ye __ a sti:-o:rt idista~ce of_ qhann~l' for this turbulenceJ~ 1q.uiet_ be- _ 
fore entering the trarisUiori between· the channel and ·the cah~,:s.ince 
the transition greatly magnified any surface fltictuations ;-' :·F·or all of· 
the sut>s~quent Je_sts the down~_tream end of ·the underpass was placed 
at ·station 4+18 · · · ·· · · · · · - , · ' 

: •· .- . ' . . . ; .. 

un·derpass HeiSht · 

:··· .. 'I:n_-~'etermining_ the_ op'tiirium openi~g ,betwef;?~ the'_underpass 
roof an·c;1 the· channel flodr, · th~ 21-toot•long roof was·located at Sta• 
tion 4t 18 · and the model was' operated at a discharge of 5, 000 cfs ~ 
The ve~tical position -~f the_ roof was varied and wave height ;meas­
urements .-obtained' for· ·six diffetent locations. The wave height· 
measu~ement's were obtained by measuring the distance between 
minimum and·:r.naxiinubi wat_er s'urface fluctuations on the sloped 
canal banks just downstream from the transition, Figure 2. This · 
variation was converted to a vertic'al fluctu·ation for later ·compari• 
son with the electronic wave measurements. The results of the op• 
t(i#µ~·-c,~eriJh_g_)e~tf'.~fe'. ~hg-Wh:~'-~S Test No. 1 ori Figure 6~; As shown 
by_the ~!,lrvf.~,rr _tl'f~f::.!ig4X"~,''t~e·optimum position of the'roof is ab_out · 
11 ·feet· abc,ve't&e cinal·flodr";"'however, · the roof could be placed from 

!}l}!1~l~!~~f !,{f ts ~~1~:1~:i~1~1/t~t'1:01~;::t~! .· 
Und'erpass;Length:'.'', .'_ ';' -··· 

• -• ·: • 2 • ~ ~ •• \ ; ._ i .' ' ·• ; . 

. · . The· 'next te·st was· perforrfted to determine the effect of roof 
length on wave reduction; : For this test the downstream end of· the 
underpass was placed at Station 4+18 with-the roof set 11 feet above 
the channel f1oor: · Both · the discharge ·and length of roof were varied 
and wave measurements obtained at the downstream end of the trans­
ition. Roof lengths. of 10,_ 21, and 40 feet were tested at d~scharges 
of·:t ooo· to 5, 000·cfs in 500 cfs intervals. The results of these te'sts 
were plotted on.the ·curves.labeled Test No.' 3 on Figure 6. (Test 'No. 2 
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is discussed later.) These curves show that a roof 20 feet in l~I!gth .. 
reduces the water surface fluctuation about 75 percent or froril·8 'feet 
to 2 feet. in magnitude while a further increase in unde~pass length 
from 2q "t,o 40 f~.et accomplished orily an additional 1-foot· decr~.a~e in 
wave heigh~. : ·· , · . • . 

. ' Qn. the basis of'these results an underpass 20 feet in length. 
was selectecff<>r ·installation ih the prototype structure.· A~thoqgµ t.he 
water sutj"ace fluctuation was ·still 2 feet in magnitude it was :thought · 
that a: ·r,urth~r ~eduction in wave height would not be worth the greatly 
increased cost iof. a longer underpass . 

. ' .-. I - . . . . 

Perfor.inan¢e 'llests, Recommended Underpass 

·The· fitlal test on the wave suppressor was ma.de with .the · 
recpn:imen.ded underp~ss. Water surface fluctuations for the full 
dischatge range were obtained, Figure 7. Pressure readings aloµg 
the roof and up,stream headwall for the maximum discharge were 
also obtained, Figure a. · 

,· i 

The ptessures on the upstream headwall were at· all times 
either equivaleht to the hydrostatic pressure or slightly less, indi• 
cating that the average force on the headwall was negligible. Since 
the pressures were measured with ·piezometers, the inertia of the 
water column in the indicating manometers prevented reading the 
mo:r;nentary impact effect of the waves, however, allowance for wave 
impact should be made during design. The pressures along the roof. 
of the underpa~s were less than atmospheric at 5,000 cfs, Figure 8, 
showing that th~re was no uplift on the slab, but rather a tendency to 
hold the struct~re down. The reduced pressures along the r.oof are. 
comparable to those occur;ring in an outlet or short tube with a sharp­
edged entrance~ The flow contraction at the entrance produces the · 
slightly below 4'-tmospheric, pressure. 

The wave heights or water surface fluctuations were meas­
ured for the f~l range of discharges by an electronic wave reco.rder 
placed at the d9wnstream end of the transition. The measurements 
were made both. with and without the wave suppressor installed so 
that th~- effecti~eness of the suppressor for· all discharges could be 
shown. The r~sults of these measurements are plotted as Test No. 2 
on Figure 6. These curves show that the suppressor has· some effect 
at all discharg~s where the water surface is in contact with the cul• 
vert roof. The device becomes ineffective for discharges less than 
about 2,. 000 cfs, depending on the depth in the canal. Since the water 
surface fluctua~.i,on or waves are less than. 1 foot in h,ight at this 
discharge anc:i the normal depth is well below the top of the canal . 
lining, th~_ suppressor s.hould be adequate in th,is respect. 

- - i I··: ·, . . . . 
.. Figull:'e 7 is composed from the actual electrically recorded . 

traces of the water surface fluctuations in the model. The time and - , · •. i- - ,. I· 

magnitude s_cal~~ h~v,e :been converted to prototype dimensions, 
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however. In this figure the effectiveness of the wave suppressor at 
three discharges is shown. The figure also shows that although the 
waves that are present with the suppressor in place are about 2 feet 
in height at 5,000 cfs, this is the extreme between high and low points 
in the fluctuation. Actually, any single wave is seldom more than 
1-1/2 feet in height or about 9 inches above the average water surface. 

In all of the above tests the depth of flow in the canal was 
based on depths obtained during operation of the prototype structure 
and measured about one-fourth mile downstream from the outlet 
works. At 4,000 cfs the depth was about 1/2-foot less than the design 
depth of 15. 22 feet. The design depth for 5, 000 cfs is 17. 22 feet. 
When the fiow depth in the model was increased to correspond to the 
design depth, water· surface fluctuations were reduced slightly below 
those shown in the data and curves of Figure 7. 
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