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Subject: Hydraulic model stulies of the spillvay and outlet vorks for
Casitas Dam~-Ventura River Project, California -

perforaance of the spillway spproach chamnel, spilivey crest, converging
and diverging secticos of the spilivay chute, atuu:gmm and outlet
works, and to achieve mzienble dnip econvmies.

1;‘Am,mrmmm;mht&fmk,mammcm& .
realized for the spillvay epproach channel by altering the preliminary
design to the firal design (Pigure 7). Bven greater savings can be
Mmﬂenmwmwhconutmnsﬁothespmm
hyuhg-the‘ﬂﬂnmmion‘dedpsbwnon?igma?anﬂ%.

2. Mmmmthemnctahs‘mglem

mmcmmum@mutmrmtomafm@mm
'*4"‘ approach to produce scceptable flov conditions (Figure i0). The final




mzmmmgwumwmmmmn
control house and sccess way (Figures 2&:&1@).

3. TbespmwcmcmbecmgndmetBecmat
vithontcmingﬂmamentmﬂmmthemimmlh Af the crest
ucnrvtdtndthetmnlngwlllllrepllcodnothtitmwthe}

would meet st, or mtren from, the center for the crest curve
(Pigure 2). | , v
Y. Tue training wells between Stations 1460 snd 50 should be

raised 2 feet sbove the preliminery design to provide grester freeboard
(Pigure 12C). Mple freeboard 1s provided in the preliminary design
for the remainder of the chute.

5. The flow spe-devenlyzn the ‘diverging section at the
dovnstrean end of the spillvay chute where the 25-foot-wide chute
diverged to attain the %—mzﬂdth'jor the ttiﬁd.as basin (Pigures 2
and 12%). | | |

. Thelengtbofthe stﬂhngminmtbeimedw 105
feet from the initial length of 85 feet to obtain adequate control of
the higher d.lachnrgeaanat_ao nedme scour by vave n:t:lonontbech;nne,.
banks (Figures 8C snd 14B). Also, tbe basin invert should be lowered
2 feet to elen;.ion 270.0 f.o assure sﬁrﬁcim tail water depth to |
allov for river channel agmeion.

T. Hingvallsattbeendofthehuinnreotwbeneﬁtand

sbould not be included in the final design {Pigures 13 and 1%).




8. There is negligible montheﬁmeunnelm,sm
thenucmidu-hlemmthemh(ﬂmsmmlﬂ,n,uﬁ

C). Riprsp protection must be provided on the banks to maintain the

channel sectiomn.

9. mmmmwmmutwmmm
wmlﬂusmtmmmmomammmm
wmmtcmeobaecmuewesarmecmzhenmnng
mnuaxmuaumvmnm,h

10. Irregular, mmmmmmmm
unllﬂmpusoverthecreu mmlmmmemm‘
Tenge to be between 200 and 600 cfs. The sction is the some ‘as that |
commonly encountered on loog chutes opereting with thin sheets of water. -
Considersble wave nct.‘ien 1s produced in the atﬂling basin by the
sluglike flov and most Of the waves will carry through t the river
channel.
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upstreas from the junction vithzvmxmver(mm 1). The Teservoir
unmmlmnmmwmmuwmm
Yeoture River. mmwmummmmm i
mhummmnmmema,wor«tmuw.
awwcmu.mwmoraesmmm
muanmmm mspumycmimormmamed i
mhm,mmmm,mammmuem |
wmma.m-cmnmmwm mmusoreetmm
udslimdtopﬂdmmtﬂpto'l,m;cﬁ. Ithuetateleution
567.00 vhich corresponds o the Tl reservolr weter surface. Toe
105-foot-long by k6-footewride stilling basin contains chute blocks at "‘
mmwuuimm (nan'e3). Anemmtedmnmed
Mcwmmmmmwmm

The outlet works consists of a Si-ioch pipeline controlled vy
e 48-inch honmi‘-.}et valve, aul a 1h-inch pipeline contmlled with &
12-inch butterfl’ or needle valve (rioxre b).‘v A vamari meter 18 '
mwmm;kmhlmmmmmeotmﬁm
mpzpeum-mmmwmnmueeormuunngmmm

moumnwmmmmugnnmwm The . -

lsrger vaive 18 tipped downward on about a 2:1 nlopexo uechu-ge



saaller valve is WWMI?. It is anticipated that
wn'mommmwwmnmun&mmm
the lb-inch line. If relesses beyond theicapacity of the lh-inch

mmwm,mwmmluewmm Sl-inch

line opened. Both lizes can Ye opersted simaltanecusly if it should

heca-enecm
anw&mmwsmhmsmm‘
of the cost of the project. mmmmmumw
ze&lcinsthemtummhuwtiwh. Savings wouid result if
the chute were made DarTOw. m:Wm:m~mWw
mmrmmammm«um,mwmmm
mmnumzznnmm@mmwmm
ﬂm\‘g; Amﬂhmﬂemwuwhmem
meso-twtemnmmdwzatmm
cmmdam-nmwmoriuwh !’ou:cml‘lth
mwenmpmmmmnimm
and pileups on the tradning valls, the Hyiraulic Laboratory suggested
Mthcmt&cw”uwmtﬁeﬂmmqmm
wnmwm:mwmmmm A
spillwey (Figure 2). 'heconvergmeofthesiﬁemhmﬂdtben
‘umnmtummmmmummmmcm

cmrm,m-mmmmﬂnem,umm,m




center used rormu.ng the curve of the spillwey creet, .These:
convergingnnmme conucted “to the ;pnr-llel"vlllnuor the
25-foot-vide chute with long redius curves. Near the downstresm end

of the chute the pessage diverged to the width of the stilling besin.
This divergence was graduel and started at-a point on the chute where

the slope wvas moderate. It contirued at & constant rate through the
second vertical bend vhere the slope increased, and cerried through
to the entrance of the h6-foot-wide 'stilling basin.

r& uncertain bhydrenlic conditions imtroduced by the con-
vergence and divergence of the spillwsy chute, and the possibility
that important improvements and eeono-xe:ug:t be mede in the
spillway approach andinthe stm:l.ngrh.sin, .I.edto a request for
model studies. The model that.was covstructed and the resulte that
vere obtained during this test program are discussed in this report.

THR WODREL
A scale ratio of .1:30 vas 'elected after considering the
model size needed to insure good flov conditions, and the space
avatisble in the laboratory. This model had & —.xzm discharge of
1.5 cfs =nd & length of 62 feet (ngure 5). It was constructed by
using an elevated bead box that included the spproach topograpty and

spillway crest, ¢ separate long chute for the spillway, and a tail

the channel to the river. m,mhwmmfwm

box at floor level thst included the stilling besin apd a portion of




consisted of the hillside -m‘~:o:§ua@tbe‘~1ert abutment of the dsm,

and tbe“mﬁ.faeeaof'tbeza_,(ﬁme‘-fﬁ\). These were formed by -
tesplates. The tpinmqwm-ch cliannel'm represented as shown 1n
mmm (Figures Gh and 7). '.mecnrvedspinmmst
muﬂeofcmcutecmtu]hscmdeﬂmﬂtmmlhdwm m
training walls, the converging section downstresm from the cvest, and

the remainder of the chute and stilling basin were made of wood in .
sectione couvenientmrmm Tbemlboxcmtmdmatot
thenmmmmtm.mwmumormnmnm

end of theﬁ'mmwithout interference fros the\box‘*(rigm&iﬁc;anlm).,_,' L

The river channel was totmdhyphc;lng sand according to topographical

contours. In later tect:riprcpmphced over the sand in the

regions near the basin outlet (ngre 15).
couiut‘hlecmmum mconttrmté‘ngthesect:lona of
the spillvay chute srd atiningmm, ‘apd in aligning and »lmlling
thuutheymnunhledonthemdsl !hefevslidxtimgnlui
ties that eppeared in spiuottheumhmmewm
Then the assembled chute vas trested with two coats of & plastic
watexproofing material, resanded, | and finally painted-with-an oil
base paint to produce & watertight and exceptionally smcoth flow
passage. These precautions were necessary to keep the friction to es

1ov & value as practicadble. But even with these precautions it vas




consisted of the hiilside that formedithe left ubutment of the dem,

mdthewmeotmm(ugm&). Thesenre formed by
mmmammhmmwmwmhym‘
templates. The spillvay mhvcumlm‘mmd as shown in
the prelimipary design (Pigures 6A and 7). The curved (pillway crest
was mede of concrete carefully screeded and trovelled to shepe. The
truining valls, the converging section downstresa from the crest, a aod
themoftbecmmmmmmndeo!mdm
sections convenient for bandling. The iail box contained most of
the stilling besin so that a study could be made of ving valls at the
end of the basin vithout interference tzol‘tbe"box'(ngmi”iﬁc‘and'I@).
The river chemnel vas formed by placing sand according to topograpbical |
contours. In later tests riprlp’m‘plnced over the sand in the
mmsmrthemmmm (Pigure 15).
mmuemmmmmmmmmor
the spillvay chute snd stilling basin, and in aligning end levelling
ties that appesred in spite ‘ofthecel-precmtiouve&w'm.
rbentheuaabledcmmtmudvithmeutsornplmu
waterproofing material, re-mam, andtmnypuntedﬂth ‘an oil
mmwmeamrushtmmmw umothﬂ.cn
passage. nenmcmtouvereuececurymmpthemammu
lov a value as practicable. But even with thess preceutions it was




knmm mmmctmwnbemmnmm itshonldbe o
repmmtthemtypecwunu Intabr:spﬂlmch\netm
would not be critical, but in s -m,cm like the one on Casitas the
excess friction could siow the novqprec,ml.y To cc¥pensate for
this, mmWMOIO.SMmmMBymm‘ ;
“lLemgth of the parrow portion of the chute. This extra fall vas shown
by calculation to be sufficient 0 produce tbzpmper eqvinmt.
velociyu:tbeentnneewweatn.ungm htermtsshnved
thm:avelpciyeqtﬁvuentto%axeetpermondmobmndmm
model, This agreed closely with the 93,0 feet per second calculuted
for the prototype mm using:an "n" valve of G.G14. A ,velscitf
higher than 93.0 feet per second will occur ‘if the "p" valuve is less
than 0.01%,

The originally proposed Sh-inch cutlet works pipeline and
bollow-Jet valve were repx'e.ensed by & 2-inch pipe and a 2-inch

hollov-jet yalve model (Pigures 5 and 16). “The lb-inch line was
represented by a 1/2-inch-dismeter flexible bose. On & 1:30 scale

the 2-inch model valve was®larger than the equivalent Sh-inch
prototype valwve. '!bca:penmemrthin, thenlvemtmtt}edw
produce the deaired flov vhen the appropriste hesd was imposed. The
Jet action in the pool was much the same uthatota‘:rue«-s;zed-odel
and ensbled the test program to sdvance without undue delay or cost.
Near the conclusion of the test prograw’the designers reduced the

k&
b




Waozmmmmnmwmmmnwhamus.
Mchnmcmmmt.ﬂeinthemdelmwmm
signiticantly alter the performance.

Pertinentdetdll, mhuthmcmblmhmmutedam
in the stilling basin, and riprep in the river chamel, were included in
the model. mmmpmadnngthecmumotﬂn ’ .

uwemmmmmnm-omnmuu |
measursd in these regions (Figures mmam). ‘A point gage was
pleced in the head box to measure the reservoir water surface elevation,
mnmwmmmm‘mwﬁxg‘m{&m:m
stations were set up across the chute snd along the stilling besin
center 1line to obtain cross sections and profiles of the flov
(Pigare 12). Vater ves suppiied to the model through the central
Laboratory sugply system wiich contains celibreted Venturi meters for
pessuring the rate of flow. Amoriﬂce-vmmmrm
used to measure the ssaller flows which vere below the limit of the
h—imhmturiuur mmwmm,mmm
mmd%tthkfbrmmm

INVESTIGATION

Preliminary Design
The initial operation of the model showed that good approach

conditions existed along the left side of the excavated approsch

channel (Figure 8A). Less aatuneta-; ccaditions existed at the right




sidebecumthenmmvedalmgthenceotthed--ndmmhleto
smothlyaccmlhbthemeothelpumm (Pigure&). The
flow pessed over the crest and into the converging portion of the chute
vithout any hrge dmu& with only a slight tendency to rise
at the valls (Figcve 83). Continuing down the chute, the flov repidly
accelerated and moved along in & nesrly uniform sheet. When the point
ves reeched where the vausoteue chute diverged, Station 10425.00,
the flow began to spread and continued to spresd through the second 5
mmm»tm:wnmmmmmw
mmmemmmtmmmnmupwms,mo
efs. At discharges above 5,000. cfs, up to the initially specified
maximm of 6,950 cfs, the busin wes tco short and a poor jump with
poor energy dissipstion took placr (Figure 8C). A large upward boil
occurred in the river chamnel gt the hnsinend and such river bed
material circulsted in it, J/ith a flov of 6,950 cfs, the jump berely
stayed in the basin, &nd when the tail water vas lowered about 1 foot
belmrwr—lthe,jt-pmprtnu.hemm. Itmwthsta
longer basin would be required and that the basin invert might have to
be lowered. | | |
Excavation in Spillway Approech Chemnel

The emmiom for the spillwey approach channel, es shown

in the preliminary ﬂélip, 18 extensive {Pigures 6 and 1’).‘ Tests




on the flov by modifying the chennel. The tests were made by partly
£4111ing in, in & etep by step process, the =cdel approech. This
£1iling vas continued until the reoermirmm to increase
for the maximum rete of mr(rmge-"'?,m 9A). Even st this poixt
of minimun recommended excavetion there were no ‘baruful flow conditions
nongthelextwhm.l mwhmmw
thechove"-nm wh,bubmmmmmammm:_
‘mmm-wmuge {Figures 7 and 9B). At moderste
mwmnﬂlnfewm‘mmm\mnot
theleﬁ:muldnpe lnﬂthem-wbeatmymmm;m
Mtoacc_nm Atl-llﬂantheewbelw’cfon. This
fimthumutmozmm,Mcnb{cyWot
rock m-mmoverthemlhimry design. |

‘ An embankment that extends into the reservoir tother:lﬁtof

the spillwey i5 Decessary to comtrol the turbulence tbat occurs &t the
vight side of the spillwey epproach (Pigare 10). The best angle for -
the subsniment depended to & large extent upon the shape of the
exsavated left approsch slope. If this spprosch ves made sbrupt by
remr.mathe excavation, mmmmumw
abutment, relative to the epillvay center line, increased. A k5*
nﬂemmﬁdforthermlew“podnmlumm
with an esbenkment 30 feet long {Pigare 108). Results obtained with




an embanimert 30 feet long were not-as:good but mevertheless satis-
factory (Pigure 10C). The final embankment 1s a compromise that
includes the placement found zobeau-m:tory in the model, and the
s1ze needed to provide space for mmchlmm
eccess way (Figure 2), Accegumg:permr-me'ﬁa\«obwm and this
design vill be used ca the prototype structure (Figaw 10D). |
Spillway Crest |

lines s that there was little tendency for vater to climb the
converging trainisg walls. The pressures mwm in
the crest were sbove atmospheric st all rutes of flow nnime

considered ‘satisfactory (Figures 11A eand B). A calibration curve
showing the relstion of Teservoir elevation to discharge is presented
in Figure 11C. |

The ‘water surface in the converging portion of the spillway
chute just downstreea from the crest vas m uneven, but this

unevenness ‘smoothed out rapidly as the flow accelerated downstresa
(Pigures 12C, D, andl)* Tt seemed desirmble to increase the height
of the training wells betweez Stetions 360:&&“%1:’ a‘feetto
obtain greater freeboard. .As the flow cootinxG-Joun the chute, the
velocity incressed repidly and the depth of the stresm decressed so
that there will be smple freebourd to take care of prototype air
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ocutlet (Pigure 1hA). The ucourmﬂnﬂar to, but less severe th-n,

thst formed by the short barin (Figure 13B). A 105-foot-long besin
performed nearly as well as the il5-foot one, ’m only & =cderste
amount of riverbed materisl circulsted in the flov st the besin outlet
(rigure 1AB). The scour was similar to that of the 85- and 115-foot
basins ead of intermediste intemsity (Figure 13C). It should be
noted that ome riverbed materisl ves retained in esch of the besins
at the end of their mipacuve scour tests {Pigures 13A, B, snd C).
Vith the 105-foot-long basin the tali water could be lowered about
3-1/2 feet before the jump vas swept from the besin. This wes not
considered sn adequate safety factor and it vas increased to‘ 5}-)./2;
‘et by lowering the basin floor 2 feet to elevation 270.0. The model
ves raised the equivalent smount to demonstrate that satisfactory
fiow conditions would prevail. |

When ving walls at right angles to tbc*minre‘mer line were
added at the end of the 105-foot basin, the flov conditions inside of,
and directly dovnsiream from the dasin wvere similar to those that
occurred without tbenlls(!‘:l.@n‘e 1kC). '!bere wvere, in sdditionm,
vaves that travelled outward along the walls to attack the channel
side slopes. The scour for about 1 bour's operation 31\:‘6,950
second-feet is shown in Pigure 13D. The walis d1d pot 1mprove the
performence of the basin and they are not recommended.




Additional scour tests were ‘male with the IDS—M-Im
stilling basin vithcut wing walls mu&mmum
channei naas mctnlmuun(nwe 154). 'r-oumatnm
-zermnxe.uedmtneml, 3/8- to 3/%=inch angular grevel, and
1/8- to 3/B-inch -ngunr pea gravel. The ssrd bed was mmodud
the riprep placed in a 2-inch lsyer to bring the surfoce o grade. A
£1ov of 6,950 seccnd-feet vas imposed for 1 hour and MO minutes. The
mthtmmlteammwm'upmhuyhuth-nvﬂl
occnrinthepmbotype ‘and the mmtoccmedinthelm
material was proably greater (Figures 158 and C). In generel, even
with the 1/8- to _3/8;mn gravel there was little sovement of ﬂg
riprap material and considerable movement in the oand downstreesm from
the riprap. The light riprep vas punctured st the top of the left
(Figure 15C). It is important that the chennel protection be carried
sufficiently high to be sbove &ny pl;“ible waves, snd that it ‘ve
carried m enough downstresm to prevcnt excessive channel widening.
It nreco.eudedth-ttheﬂw'be'MWtoemm
on the side slopes, snd dovnstresa to Station 16400, On the besis of
the sbove scour test results, and on the Mﬁmmr cheznel

protection, it wes concluded that the 105-foot basin without wing walls

and with em blocks and a dentated sill is satisfactory.




Qutlet Works |
The Sk-inch holhw—.}e‘a‘ valve (chtngad o AB-inch in final

design), when placed as shown uJ, the preliminary design (Pigure k),

did not cause undue turbulence iln the stilling basin or show & tendency
tobuildupanedﬁth:tmﬂdqmmuverbedwm mzhemin

(Pigures 16A and B). smuny,, when flovs passed down the spillvay
mumemmwﬁlummommnw o

the outlet valves (umu 16, D, ‘and E). !heyerfomneem
connmmd satisfuctory. It -y be expected thet the valves will receive
conside'mble ‘splashing mvu‘ the spillway operates.

The 1/2-inch ﬂ.ezlbh: ‘bose used to represent the 1h.1nch line
discharge parailel to the offlm; ‘section in the tradningnll that ‘
provides room for the outlet valve, and should be turned downward about
15° (Pigure 4). It is permissible, however, to turn this valve e ' e _.
somevhat further to the left to clear the large valve (Pigare &). Crre
should Be taken to avoid an angle greater than sbout 30° with the basin
cente: line, | |

Imwmmgggggmnmm:ehm

Asinnmlongcmsopentingviths-unwsanddepths

mmmmteaofnwintmdﬂcedntthetopbeecae nnnnnubmnsthe
nmwhestbemdmtoamfomtimotm 3uitial sheet

into vaves or “slugs.” Very briefly this transformation is as follows:



At the top of the chute smell surface irregularities sppeer and take on
theforaofvmlets(nmlu). As the flov moves down the inclined
chute the larger of these wsvelets overtake srd absorb the -n.llnr"ones
50 that the vaves become fewer, but larger snd stronger (Figure 17B).
This action continues through the remainder of tbe chute and by the
time & given seguent of flov reeches the stilling basin the waves are
powerful and‘cqiuble of cresting considsrable disturbence in the basin
(Figure 17C). In the Casitas structure spray may overtop the valls
end waves splosh up on the cutlet valves and cerry through the besin
into the river chammel, The model indicated that flows betveen 200
and 600 second-feet vould produce this action in @ severe enough form
to justify attemtion. Atﬂmlmrtbmmo-econd-reettherem
mmmmemm,mnmmm&o |
m—rmmmmm.m\wnmctwnum .
or ceased completely. Aﬂme@iﬁl@tm~mcnmm:althz‘

) roughest model action and vaves 5 feet in equivalent height vere
created. mmmmmmcutmnwm«mbe
MmtmmwmmmmmmaMnu
modified at small discharges when surfece tension becomes & predominating

Tests were made using w,‘w'clx:th, riffles, and

luspe of mdelingclnontheclmte‘tomir'mincm mudmeu
wmewmmmamw :l‘laetem
venmtvmwudnmthmwwbem &

Y |




‘preacticable way to prevent the ncunuex:ept to. provide narrower and
mcmm MmmuMmmmmmm
mmmmmpmwmmnmmmmm |
t&ehntldmtﬁw.cmsaﬁmﬁhmemcrmm
protection. Small spillway dischargss are not unlikely on’the Casitss
structure and may occur for eppruciable periods due to the unceatroliod

crest,
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FIGURE 4
Report Hyd. 404
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FIGURE &
Report Hyd, 404

Head box with approach channe! and upsiream

face of dam.

C. Tail box with 85 foot long stilling
basin. and channel to river.

CASITAS SPILLWAY AND OUTLET WORKS
Preliminary Design - No flow

1:30 scale model
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levation 10 increcss.

re
covation mode unnecessory by

channel moditication.
DATA FROW 1130 $CALL BOOLL

T cousing

B ©

—— —  Minimum eicovotion permissodle without -
APPROAGH GHANNEL MODIFICATIONS

CASITAS SPILLWAY AND OUTLET WORKS

S Pntimimrj design
———— e Finoi design




A. Approach conditions are good at ieft of channel,
poor at right side at face of dam.

B. Flow converged after passing over
crest, and did not pile up on training
walls.

C. Stilling basin was too short for high
discharges, poor jump occurred with
large boil at basin end.

CASITAS SPILLWAY AND OUTLET WORKS .
Preliminary Design - Flow conditions with 6, 950 s’

1:30 scale model .




FIGURE 8
Report Hyd. 404

Minimum excavation without causing reservoir
clevation tacrease. Q = 6,950 cfs.

B. Fina! excavation, and righ¢ hand embankmen:?.
Q= 7,300 ctfs.

CASITAS SPILLWAY AND OUTLET WORKRS
Fiow with reduced excavation in spillway approarch channel.

1:30 scale model




FIGURE 0
Repart Hyd.

S desiA Q * 6, %50 ol
. - B
-1202-€5

et

50 foo! long embankmen? at 45° angle 1o svillway
centerimne Q= 5, 950 ¢fs.

30 foot long embankmen: at 153 angle to spillway
centeriine. Q * &, %30 ¢fs.

. Final embankment Q * 7,400 cfs.

C ASITAS SPILLWAY AND OUTLET WORKS
Clow conditions at right side of spillway approach

1:30 scale model
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B. 115 foot long basin.

C. 105 foot long basin (recommended design).

D. 105 foot long basin with wing walls.

Figure SC gives bed shape before each test.

£1 4NN

CASITAS SPILLWAY AND OUTLET WORKS
Scour in sand river bed after 1 hour of operation at 6, 950 cfs.

0+ Pl oday




FIGURE 14
Repor: Ryd, 404

115 foo: long basin.

C. 105 foo! iong basin with wingwalls.

CASITAS SPILLWAY AND GUTLET WORKS
Performance with basins 115 and 105 feet long
without wingwalls, and 105 fee! loag with wingwalls. Q = 6,950

1:30 scale model




FIGURE 15
Report Hyd., 404

3:6 1o 3 -v-inch gravel after | pour and 40
minutes operatioon at &, 36 cfs,

C. 178 ta 3/8-tnch grave! after ! kour and 40
minutes aperation at &6, 950 cfs.

CASITAS SPILLWAY AND QUTLET WORKS
Svour produced i riprapped river channel with 105 {oot long
recommended stiiling basin.

1:30 scale mades




FIGURE 16
Report Hyd. 404

AL

rnehareT

Spiliway discharging 9. 30 ols.

CASITAS SPILLWAY AND OUTLET WORKS
Fiow conditions with actiet valve discharging into stilhing
basin. and 3t vaive with spillway discharging.

5

13 scale moded




FIGURE 17
Report Hyd. 403

A. Smooth flow at crest becomes disturbed,
and small waves form.

B. Waves pecome larger as big ones
avertake, and absorb small ones.

Waves are large anc strong when they
reach stilling basin, and create Tough

{low in pool.

CASITAS SPILLWAY AND OUTLET WORKS e
Prozressive stages of “Slug” {low in spillway
chute 2t low discharges. Q = 3060 cfs.

1:30 scale model




