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I - SYN OPSIS

Hydra.uhc model tests were conduc'had to datamme thef’-_ S

"Z ’ .{a‘.nswe'r's to sthe f‘ollcrwmg quesbmna, rela’cive o :the’ des1gn__of S L
'fthe outle’c works a‘b Ca.be.llo Da.m . s L R

(a) Is the outflnw enargy 5““‘33351"111V’dissipated in) the L
: “S'blllmg basm for :all: outlet OU'GﬂUW' cond:.tlons'? ot

r, . ‘\

(b) Fbr ou'ble'b dlachargas less than 3,,0004 bic’ feet .per o

.;.secon.d ‘is;<the flow: a.pproa.chmg <the ‘Parshall flume 'auffa.clently
"_;smoo'bh and . qulet to- glve ‘an a.courate hea.d read:.ng‘? RRCE R I

(c)-?“';’?ls the- tmmel flow dmmstraam i‘ram the fga-bes ;of a sat—-
z:.si‘ac“bory chare.cter‘?. o e S Ry

, (d) ‘Is tthe r:r.prap protect:.on e.t the downs’cream end of ‘che
:-Parshall i‘lume a.dequata? P ‘ ; : ;

- The model 'hests showed that tha prelimmary des:Lgn -wa.s'
.msa*ti‘ufaotory on four: comnts:  ‘The flow’ inithe ‘downstresm sec..

-~ tienof the -gate. structure.wes rough, #he ‘shepe foi' the 't;mmel ‘-'ms‘_:._ |

‘not suitable for various: quant:ties of :flow, ‘the st:.lling pool
was -nat: adaquate for various . combmata.ons of gate opexings -and ;. .
,,dlscharges .and “the: Parshs.ll flume was too near: the. B‘b:Llling poolf Do
+o be; rel:.able.‘ L IR ) Ny

) The ga'ba seo:b;.on a.ndw'hhe tunnel were a.ltered to produce:‘; L
‘.:se.ta.sfactozy flow conditions 1in these.: gtructures but ‘bhe Alow: An o

‘the -stilling .pool and Parshall flume" rems.xned rough sand of - poar o
;veloclty d:s.stributmn. >The . -stilling - pool . and ‘the" approaoh Yo the. -

‘Parshall flume- were ‘than altered, producmg aa‘b:.sfaotory perfom»-.f
ANCEe " ¢ . . . ‘ L S : o

: : At +this” sta.ge of ithe. wmveatlg;atlon :t.t was decxdedajto res
‘move the <Parsha11 ‘flume ;and ; replace Gt -withiac ‘Feu'buz‘i meter in ‘the
“gireulartunnel . ‘upstream “from the ‘gate structure. Ahasty series
.of trials determined ‘the. most efficient #81iTling - pool. des:.gn, S
causing : the laast erosion in the chagmel o the nver a.nd causmg
sthe’ leaat splaah and dlsturbanee m the pool. o : ‘
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Tests were ma,de on models of spil].ways for eacn oi‘ the

-'31gned hlgh dam.’ ’Pressure dlstrihutzons anc:idzsoﬂarge coea‘.‘fa.— o
.6ients:over the: urests -and . pressures alcng “the: pool ‘floor were’

' measured, The most: significant tests were: rconcerned: W:L’ch‘i‘bhei_:.m-‘ _

~+provement of the stilling pocl ‘design.” Theso ‘indidated th
isfactory carditions: qould bé ~obtained ‘with - ’che ‘original posl S
walls shortened: frem 103,00 to :78:75 foot end with ‘tha- :pool i‘loor f

-shortened ‘from’ 112.0 t0 88415 faat axid reised ‘¢ ‘feot, A slope of -
301 instesd .o fild to 1l:and asdepth of ‘6 ‘inatead of 3 “foot Woro .
found "o bo necassary‘for thc riprap in itho -brapozoidal straa.m bod.‘.f‘;";‘

II - HITHEUGTION

The Ga.'ballo Dam was - constructed Bs 8 pa.:rt of. d:he?R:Lo
- Grande 'Rectifiontion 'Project under the: au'l:horlty of ‘the “Interna--
~tionAl" Boundary Commission ‘but, under the « engineering - supervision
-of the :Bureau of: Reclamation. It is located: on ‘the ‘Rio: Grande :
‘River:aboub- Il miles :south of; Los P&lomas, New Me:uco, and 24

“river-miles ¢ dcwns'bream ‘from .the - eria-t;ing Elephe.nt But‘be Dam : R

{ figure 1)

' gat‘a.on‘storage, and ,:‘m ‘additionswill make - pass:.ble “the . continuousQ

“Tho reservoir will provide: both flo0d. control anditrels S

‘instead of:the previous :seasonal: prnduotlon)( of-power:at’ ‘Elephant PR

" Butte Dam by conserving ithe’ Ws.‘aer passed thmugh ‘the* Elaphant

‘Butte turbines during ithe fall: and iwinber ‘months, . For- ithe: preseﬁt ;
the. Elephant Butte plant will be' ableito: sunplv all” “the': power :for -

~which-there iis a looal; market.; Ho power developmant was 'bherefore ‘

o ;pro.jected for :the’ Caballo ‘.Da.m-

Three separate plans for the stomge e.nd regula’cmn o.f

-water at Ga‘oallo .Dem: were cons:dered. Plan:Na,: 1 provided: ifor: an»

.earthefill: da.mwith itsorest.at; eleva’oion 4162-: with:a: reser-;
“voir. capacity of] 100 300G &ore—feet when the pond;- elevetioniwas
4152, “This :plen” provlded for & spillway 034,000 second—foot
reapaaity. “Plan’ No.,z .provided :for an: mcrea.se dAns u,hﬁ stomge O
- paoity to: -3505000 nore-feat’ ‘by . raising ithe jearth=£111.dam’to ‘oles
.vation: 4190 and the cpond: elevation to.-4182, the .change koibe made |
at. some:future-date as; an; addi*bxm o) the ; structure ol p].an Hq.‘l.'
‘The ‘irrigetion outlet -was 'to remain practically: mch.mged rend g

new . conorete . spiliway. °£93t of ;34,000 ;second-foot ‘oapdcit about ‘i'..
‘30 :feet ‘higher ‘than the first, was to :ba:added. Plan Noe 3:repre-:. .~ -
5.anted an-entire: »redesign. of the dem. m‘,.h “the': aplllway attheop~

a -?‘P°511"3 end, ' The height :of the dam, the pond elevation, the reser-
S WH‘ Gﬂpﬁﬁltys -and- the 1rr1gnt1on outlat \remaiuad approximtely as f‘ :
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' ‘ The tests on models oi‘ the 1rr1gat1c>n outlet: wcrks were
undertaken . at the: request of the design 'section as part of the
.design :mvestlgatlons necessary ‘for: determmmg ‘the:correct’ ap-
‘proach conditiuris emd ths; proportzons ‘for:thei Parshall Tlume,
The -spillway . exper:unen'ts ‘were:made to de'temme ‘Wwhether theistill= "
ing pedls as designed would. ve. satxsfa.ctory amder ~the “imposed - head
“and -tailwater: condit:t.ons, and- to' determine’ hydrosta’t:lc pressure :
‘_dlstrlbutmns over the crestiend over the: pool ‘floor. ‘Asiis. freu-
guently the ‘case with. mves“bigatlons of this’ kind, the’ initial
tests indicated tha COns:Ldera.ble improvement: was’ poss:.ble both
in flow: condn.tlons andin-economy .of - conntructzon. “The" experl- I
~ments .on the: ou‘hlet works and spillway were,. therefore,.,. con‘binued L
%o determine the: most sa'blsfactory des:.gn.‘ '

: At tne t:.me “this | mvestlgatlon was’ made the ]*ydra'ul:.c o
‘1abora.tory of the Bureau: of ‘Reclamation: occupled %he greater part.. .
- of the basement of "the’ 014 Custom House:at 16th and: Ars.pahoe
Streets, The’ laboratory wa.ter-sunply system -whHich resirculated
the same water, . :anluded a:weir tank with a: BO-degree V-notch
‘weir and e pump- 'sump, -set:below ‘the' floor 1evel, a 6-inch cen~ . -
- obrifugal:pump with a dlscharge of up to "B cu'b:.c Peet per: second; ‘
- ‘and & heed-tank’for: weter: supply to the' models.: :The d.lschs.rge rE=
. “bumed from the models to: the ‘woir ta.nlc fin-a- sheeu-metal flume. '

III i T‘IE OUTLET WOBIS

“The model., The model o:[‘ the- outlet worl.u.was construc- o
' ted to thé scale of 1-to 30. The circular-tunnel. upstream from -
-gete section, the. gate. sectlon, ‘horseshoe tunmel, ' stilling pool, R
and Parshall:flume were. developed and- construc'bed ‘6f ‘sheet metdl, -
The pier. inthe. gate-section was of: redwodd ‘and ‘the gates were: of
‘brasse The gates were: a.ctua:t;ed by " serew:stems: .and brass knurled
-nuts, Thetop of the’ horseshoe tunnel was constructed: of -sheet
“pyrelin, permitting: o‘bserve.'tlon of the: i‘low downstrea:n fron the - ...
gates, ‘The- stlllmg pool- and! Parshall ‘flume were: ple.ced in: a . A
.sand box in .order to- observe:the erosion: uownstream from’ the
"-flumef\ and- to facilitate altemtlons. ‘The -tailwater was’ regula‘bed
~andecontrolled by al tall gate at the: -end of :the.sand:box-and: the
ailwater elevation:was read:on &:gage on-the: ‘side: cof ‘the:semd boxXs . .
“To compensate for the . dlssmﬂarl‘cy between the. effects-of friction: -
. losses in model:and ‘prototype, :the slope.of ‘the: model ‘tunnel was -
‘inereaged 'in aecorda.nce with enleculations relating to the-actual’
;:rttizodel and’ proto-t:ype ‘losses: 1ndluatec1 by appllcation of: Kutter‘s '
""n. : TR R

: Pla‘ba I shows the model: oi‘ the omgmnl dengn and
. figure: la shows the- orlgmal prototype:features.
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Origizml des:i.gx. ‘A ordinarily designed x'l:he.t portion,‘-
of the outlet works downstream from the gate:section performed -
unsatisfactorily. When operated at 3, 000 ‘cubic faet per : ‘second,. -

e high fin-arose down the center of" the ‘transition and" ‘tunriel s o
With-either -gate :fully open at normal ‘head, - the *flow in" the tun=-

-nel was very irough'and ‘spiral ‘'in. shape.. ‘With the :gates equally. S

open at normal head,the flow through ‘the ‘gates "joined at the end_'.‘ _'
of the-pier to form'a .series of: stand.’mg ‘waves in‘the hmnel and
a hlgh central - :fin ‘cn the stillmg-pool hump,. . - R %:.m .

At the ‘lower: rates oi‘ discharge, up to 900 cublc i‘ee’c :

‘per: second ithe tailwater backed over the: hump.and caused & whirl
. ‘on the upstream side. ~The ‘jump was not: comple‘he and - hlgh surfece
~velocities continued through 'the pool ‘and ?arshall i‘ltme, ua.using'r
‘8 soume of error in discharge measurements. L '

At hn.gher rates of discharge, 'the pool was very sple.shy.
»although little eros:r.on resultad downstrea;m from 'bhe Parshall S
flome. : e - e

Pla‘bes II and III show t:he model oi‘ the orlginal 6931@3.
in opera.‘tlon. . e

Revz.s:.on oi‘ gate sact*on and 'btmnel. To correct ‘the
--peor performanue ‘in the rgate section and tunnel, ‘l:he tra.nsi‘blon

- and pier downstream from the- ‘gates .ware: al-berad as shown on Re~

“vision‘A, figure la. ‘As‘a: result the fin off the .end: of the

‘pier was reduced:considerably: and “the 'flow down the “bunnel ‘and- -
_.over the hump appeared to be:slightly :.mpz-oved. “Po ‘further - re- - e
duece “the; spira.l flow ‘in the: tunnel -with'one’ gate ‘open under: nor—
mal ‘head, 'a horseshoe: tunnel wes trieds The water :surface dn the =
tunnel wes swoothed: out’ considerably: and ‘the veloc:.ty digtribu=

“tion in.the stilling pool was improved, the effluence of ‘the ‘tum-
“nel’ bemg nearly level for all combimtions of gata cpenings. :
“This: al‘bam-blon is shovm on Ra‘ns:.on B, . ffgure la, and e.lso ‘on-

' '].).ép'bh of pool a8 'chzi"b‘r:.oil‘éd by Pra.rshalli‘lumea A é‘e‘x‘.'iias’s
-of quantitative tests:were made to:determine:the srela‘ba.on between

‘the. discharge through the outlet works," depth of water in: ‘the' - -
st:.l}.:mg Pool, -and the tailwater elevdtion iin the- river downstraa.m e
‘from the ‘Parshall flume. The 'ballvmter RS uon'brolled dAn accord-« S

dam si‘ce, flgure 2

“The control effect oi‘ the flume is shown ‘in gra.phm fom
on figure . ds - : : 2 ; '

-ance with the rating curve-of the Rio: Gmnda m.ver at the’ Ca'ba.llo L
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- “Revisions “on stilling’ ool ‘and flume & roach. With
one gate partlyor fully opem, s high:side fin-oceurred ‘on. the
" hump st the’: side ‘walls, as-originally designeds “Although “the
.scharac;teristics of the flow in‘the. gate 'gection amd’ 'bxmnel ‘were
gres.tly improved by Revigion B, 'a high' sentral fin-end- $idewwall

fins remained on the. upstream: side 6f - the hump with both. gates .
- open. Itwas found that vertical-side wallsr-eurved.to ifit the
-gpread-of -the: tunnel © dmcharge el:.mms.{:ed the: s:Ldefmll ﬁnaf

: (Rev:tsmn H, figure 4).) _

' . To- spread the: ef‘fluence of the Jcun:mel over: the i‘ull S
“sridth-of the.pool, humps'5. ‘feet end 2% feet higher then:that of .
. the original design were found to be.of little: 1mprovemant. .The
“High cenbral fin:broke up on.the. hump and - sprang ‘¢lear: of "the
- pump.on:the downsbream. ‘side- ca.using & very roughand’ spla.shy
vpoole At the Jower discharges the jump occurred:within: the" e
‘ -:-nel and the por‘bal WRE: ﬂooded. This is lllustra.ted an D, plate V.--

‘ It wWas found that e tumnel with:a. ‘Tlat :anert :unproved
“the performance of the pool and that a ridge up the.center of the

- hump. spread the: flow. qu:.’ce effectively over. the- entire wxd-bh of‘ S

S '*the nool for- a11 combmatmns of gate onen:.ngs.‘ 5%

. Su.mnarlz:.ng, the bes‘b solut:.on to the: stlllmg-\-pocl

o ﬁroblem and the: Parshall: ‘Flume: s.poroach was ‘found !inithe" follow- 4
“ing features. shown on Hev:.s:,ons it e.nd I gure 4,. and on ii‘la‘be
”‘-VII- o . .

" T (a) Curved slde walls aﬁ the' tre.ns:Ltlnn frcm the ‘ammal to
- '+the stilling pool, ‘to: eln.mmata side. fn.ns for the en'tz.re r&mge
E oi'. d1scharge, : . _

(B) A 1335-:{‘0011 horseshoe ’mmnel vrith flat :mvert to - raduce
+he banking.of flow to B m.nimwn, part:.oularly for greatly un-
: balanced gate- opamngs;y

(c) A "wha.lebac}c" hump begi:tmmg in the tunnel to distribute o
,the flow over: the i‘ug]fl width. of +the: poo],u : 5 S

‘td) Ta.pared 8ills,: V-shaped in: plan, .to breaL up strong gre
"dercurrents along! ‘che s:.des of the pools

oo (e) Verbwal side wa.lls in the: a.ppros.ch o the Parshall
flume ‘from station 13430 $o. station’ 134804 (_It was found that
‘either of the sidelwall@ocaticns shown in: Mgure. 4 wassen’ ime

' iprovement over the. or:.gmal d681g11. Rav:.smn H we.s. m prefe:»—-
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able beoa.usa it caused the ieast dn,.,turbance in 'bhe :meediate ap..
'proach to the Parshall i’lume) :

(£) An addition of 5 feet of helgh't to the side walls .
throughout the pool to prmr:n.de f’or sple.sh helghu _ (Not shown o |
flgure 4,‘) : .

_ S:.nce the. Parshall flume. was onxy 50 feot downstrea.m '
from the stilling pool, an entirely satisfact tory solution was not -
possible for all rates of discharge. It was decided to replace

the Parshall flume with & Venturi meter installed in the pressuref o

tunnel upstrea.m from tha g;a‘he seot:.cm..

Wa‘her—surfaee profllesvw Fontative des:.gm. ‘Photographs
--of the tentative design model are shown. in ¥late VI. The plan
and 8 longitudinal seotion:are shown on. #i gure 4. Floor proi‘:u.les' -
‘end sections for various rates of dzsmarge through ‘-he model are
showm in. ‘Ef'lgures 5 6, and 7.

Revmlon of 'bhe stuli:ry; pool Parshall flume removed.
With the remcval ol the Parsmll flume, tho.situation presented
the problem of developing the btallmr pool that would cause the
least erosion in: the- cha.nnal lead.ng to the river and the least
splash and’ disturbance in the pool itself, A sories of.short
hasty mvestlgatlons were conducted, ,The raqu:.remants for this
stilling pool were. somewhat d:.fferent M{‘! those of the pool de-
veloped for the Parshall ‘flume ;in.that for the latver it was es-
sential that thers be a uniform velocity throughout the entire -
width of the flume. 'In the new situetion, uniform velec ity was
not essential, ‘Only e m:m:.mum of erosion or seour: J.n ‘the .chammel
WES NOCesSSaTYs

Figures .8 'bo l l"lc.LUSlVe, outlma the esaantlal fea-
tures af these tests. The dayout. shown on i‘lgzure 14 .and -on plate -
VII ‘is essentially the seme as that rec,ommended on> flgure 16, ‘and
that of the. i‘mal design, - figures 16 t0:20, mcluswa.

The horseshoe 'tunnel WRLE i‘ound to be- feasible as the
pool developed: dissipated energy to such e ‘degree that the dif-
.ference between the perTormance “of - the flat. bottom and rovnd bot~
tom tumnsli was not appreclable in ‘che scour. '

Watsr-su*face and scour proflles and Gross sect:.ans for
the recommended Jesign. Wpgures 21 and 22 are plotted prof:les ;
End cross. sedtions ol the water surfaces and scour:-for various
‘rates of discharge for the recomended design. Plates VIII and
IK show the -model in aoperation.
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IV - THE SPILIWAY

.A.s previously descﬂbed “three dis‘b.‘mot pla.na for the'
‘construction of the dam and - sp:.llway wore presen ted for investie
‘gation, Figures 286 and 33 aie model drawings: of’,{ﬂms Noss 1l
‘and 2, raspeutivaly. Figure 23 ‘1llustrates the gencrel arre.nga- 5
.ment of the struecture for Flan No. 3. Details of ‘the anillway
‘are given in ﬁgures 24 8nd 25. : : ‘

Low dam = Plan. No. 1. A%saé.lé‘df.l to 60 was fchoé:en.
for the eplliway modeis., & framework of wood was covered with .=
wood ‘sheathing and lined with. galvanized sheet; steel (figure. 26)
‘The 'bopngraphy above ‘the spillway orest was: glsc built of wood
and lined with:metal, The: erast, to which all élevations were
.referemced, was constructed- of haavy gage, galvenized metel ’cem-
platoes, . held rigid by steel angles and covered with heavy. gage
‘galvanized iron. Fiszometers.wore placed at uniferm ‘intervals
‘over the orest to indicate the pressure heads:.at: vyaricus . dig-
charges, The stilling-pocl floor end.walls were constrated of
wood, set -on an. adjustable baze by: mesns of ‘which the floor could
‘be raised or lowered, This. ad justable base was enclosed by &
~watertight. sand ‘box in which the: downstream ‘aopogmphy wes -dup=-
‘lioated with sand, “Therecommended stzlling—pool ‘design was ob-.

tained by visual inspection wsxd by. comparison of the : scoured sand |

beds. V19Ws of‘ the model-are showi: on plate x.

The results oi"qﬁantltatlve studies of creat d:.scha.rges: |
‘are indicated 'in figure 27, Water-surface elevation.: were MeAs=
ured with both: pomt gage and. p:-.ezometer.‘ :

‘The head- d:.scha.rge curves .shown iin . fxgure 2'1‘ were. plot-‘
ted from the: model da'ba an 'bhe asswnptlon that - :

Q. prctotype = n5/ 2 Q moas«l

n being the scale rai:.;o and Q- ‘tha. disf‘harge. The asaump'bmn
'is-an approximate one, but: sufflolent experimental data ke Pro=
vide'rn more sccurate. es’clmate of the true relations between =
models and pratotypc Aro le.ckmgu Also shown ‘in. flgure 27 :are

the variations-of the coefficient, C, in §.= Glp“/ , With the

‘head on ‘the orest; and the variatxan of the. dimensionleaszcobffi-

cient, ¢, ‘in - Q - Clhw with Froude's number Fe VR" An
gt o
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"SPECIFICATIONS "No. 672
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‘which vy has baen treatad as-a nominal Veloc:.ty equgl to -’E‘\/Zg
end R is a nom:mal h draulm radlus ‘@ ual to . hb -"W..or ‘

5 4 & 2h+‘n %y 4}1+'b _
with the' p:l.er in: place. The d:.mensmnless F'rouc!e's number curvesr
are-added primarily Ffor their value in compar:.son with -basts oi‘
other structures. o . R :

A

: When the appraach cond:l.tlons Were mod:.flad by in-troduc- "

ing a’sloping floor-as ‘shown in figure:28-E, the head-on the o
erest required:to produce’the specified: dlacharge ‘0f134,000 ‘sec~
“ond-feet was found .to be'5 percent greater thanithe desrgnad head.
-At the des:.gned heed the discharge wes reduced /7. percen't. A grad-
ual ‘flet slope:substituted Ffor: ‘the ‘curved ‘drop “of the'crest (f:!.gure .
28-B) also. decreasad the- dlscharge for ma.xmum designed pond ele=:
vatlon._ » : ,

Pressure’ heads observed at. un:.f‘orm J.ntervals along the T

crestiare pletted in:figure 29, ‘All _pressures’ for the’ ‘lowedam
crest:are positive. A comparisen- of pressure ‘heads and: sur.f‘ace -
~profiles’ may be mde from the - data shown o i‘lgdre 88. :

Flow in “the. chu‘l:e s rough (plate X) Attempts to re-.:- ‘
duce this roughness. We‘e unsuccessful. “However, ~the’ mtroduct:.cnli
of a'dentated step and a.sill into. the pool elm:.natad all de-br:.-_ e
‘mental.effects. from this:source. . : el

‘Since one pool was" to be used for both pla.ns Nos. 1 and‘-
2, ‘and the cresti of plan Vo, 2:was. 30 feet higher then . that ‘of
‘,pla.n Noe 1, The higher: crest: end: higher:veloolties-of 'plan No,:2
‘determmed the- dss:.gn of the pool, ° Hence'the pool shawn: for ‘t‘est
11-CA~2 (figure 30 and plete XIA:and B)’ a.ppl:.es bo “the low=dam " .
plan. " The low crest was used for test 13-CA=6 (plate:XIC: a.nd”D)

. .Because-of  the: reduction’in the emount of energy. tobe. d1551pn.’ced
‘the.less -efficient, drowned roller was formed, -and the scour below
‘the, pool. 1ncreased. “For normal: tailwater hGWG‘VBI', (elevatlon S
“4118) the scour was not. axcess:.ve.‘ '

s

‘8111 “R" (ﬁgure 30) was: des:.gned fram 3111 "P“ in an.
attempt to decrease the cost. 'The two- governing - dlmensa.ons, the
total height and the: slope of the notch: inclines, were made ap~

.- proximately. equals Companscm of the: performnnce of '811ls "P" .
~and "R shows that 8ill "R".was as good.or: ‘oetter “than sill"P",

. Hence si11'"R" was: racomendea i‘or the demgn (f:.gure 30, - Guand

ﬁ, and plates. xm and xn) _ :

In crder: to detemme to what ewttent 3.i‘ any, the ef=
fectiveness of gills-would: be -impe ired whan 'the comers a.nd edges -



‘which v has ‘been ‘creatad as & nominal valoci.w equal to V’Zgh -
.g_nd R ‘is: a nominal’ hydre.ullc radlus equal to _hb ror chb
. TEZh*b ’  TIRTD _
~with the. pier in'placde. :The dimensionless Froude's number curves
are ‘added primarily for' -bhelr value: in compar:.son vrith tests of
: o‘bher structures, ‘ _ ‘

. "When the approach condlt:.ons wers mod:r.f':l.ed by introuuo-f '
‘:Lng a ‘sloping flocr-as shown in figure 28-E, the hend: on'the .
crest required tc produce ‘the specified- dlscharga of 34, 000 sec=
orid-feet was. found to be.5 percent ‘greater than the: deslgned hea.d. v
At the“designed head the: dischargewas reduced 7 percent. ‘A grad-'
‘ual flat:slope substitubed for the curved drop ofithe erest. (f:.gure
'28-B)-also- decreased the d:.scharge for nw.x:u.mum deslgnad pond ele—-‘
wvation,: : £

/Pressure heads observed at un:nform mtervals along the
crest are plotted: in figure 29. "All pressures for . the.:low=dam.. . -
crest ‘are posrbive. ‘A’ cpmparisan:of: pressure hee.ds ‘amd surface vl
profllss may be made. i‘rom ﬂ'le data show:n an’ f‘lgure 28..- -

Flow in: the ‘chute was. rough (plate X). Attempts to 're-
ducs this’ roughness: wers. lmsuccessml. Hcm'aver, ~the "introduction-
~of a. dentated: step and & sill into tha pool ellmlnated all. detrl-
-mental effects from thls souree. . S ; : ‘

: Smce one: pool was to be used i‘or bo‘bh plans 1~Ios. 1 a:ndf;
2, and the crest-of plan Ho, 2-was 30 feet: ‘higher ‘then that-of
~plan ¥o. 1, the: hlgher .erest. and’ hlgher velocities of plan:No. 2 =
'determ:med the - deslgn of the pool. “Eence  the. pool ‘shown . for test
11-CA=2 (figure 30 and plate XIA and B) eppkiés to tha lowedem =
plan, The low crest was used for test: 13aCA=6 (pla.te XIC.and D)
Because of the’ reduction in the mmount of -emergy to:be- dlss:.pa.ted
“the less efficient, ‘drowned: raller was ‘formed, rand the: scour below:
the pool. J.ncraased. ‘For normal: tallwater hcrwever, (eleva.t:.o:n
,4118) ‘the scour: wa.s nou ezcessxve. : 8 B

-~

8111 "R" (flgure zo) was daslg;ned frcm"s'lll "P" in. an
'attempt to decrease: the coste. The two governing ;?d:mensmns s the
‘total height and the slope of the. notch: inclines, were made gp-

- nrox:umtely equal, . Gomparlsm of ‘the performame of:sills’ Wit
and “"RY . shows' that 5111 "R".was as good -or better-than sill ""P",
Hence sill ‘"R was recommended for: the des:.gm (,‘Pi.gure 30, @wend.
'B a.nd pla.tes XI}} and XI1)e L N

- In order to- ds'bemme to what e:t’cent AR ‘any, “the: ef—
-fect:weness of- ulls would be " 1mpa‘red when' the comers and edges o
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beca.me wom, tests Were ‘Tun on’ modlflcat:.ons of each type wrth
all edges’ chamfered ebout’ 3-3/4 inches, No percept:Lble influence
wes noted. x '

Pressures were msasured on ‘the mces of both ‘the- den-
tated step and ‘the:dentated sill, :Piezometer openings were lo-
eeted about three fest above the floor and on the. center line of -
the vertical face of‘each “boothof ‘the ‘step: andelong “the ‘eentor: = .
line of the 'sloping dowmstream ‘faco of each “tooth:of the sill, =
In nene of the tests made for Hlan No. l:wero nogative pressurcs
-obgarved. .In: Bubaequen'b tests for tho other- ‘two ‘plans, howovor,
nogative pressures woye: obsorvad ‘on tho dn':lmstrca.m facos of ’cho
dontatod ‘step ((fipurc 42). ‘Dontated stops arc ‘discussod more
‘fully on page 10 ‘in-econjunetion with: Blan Woe 2. No mnmvemont‘
over typo "T" (,ﬁguro 32) WES obsorvcd . : '

H.igh dam\,hPlan No. 2, ‘As was- prmnouslv stated ‘che
high dem was designed Lo inorease ‘the storapge capacity. fram L
-:100,000 to. 350 000 - acre—feet. The crest was 30 Teet’ hlgher than .
ithat of the 1crw ‘dem, but no change in the chu‘i:e or: stlllmg pool b
was to be. mvolved. . . , : SR

: The - reconstruc'bed model crest shaped and - cov'ered w11:h
‘sheet metal ‘and stiffened with angles, is shown om: i‘lgure 33.‘ 3
For the uns’cream fz.ll ‘required -to .raise: the bed elevation from
4120 to 4150, compa.cs*i:ed sand was used. S ' :

The results of dlscha.rbe and coeffzclen‘t; stud:.es are c
‘illustrated in ¥igure 27. The seme basis was used for ithe cal-
culations of coefficients, It will be noted that the caefficlenfbs

 forYplan No, -2 are:about 10 parcemt hlgher tha "‘Ghose of[’ﬁlans S
‘Nos, ‘1-and: 3 e:b h:.gh heads. .

- . The pressuras obta.?med over ‘tlns crest are - shovm AN
f‘:.gure 29, At'e ‘discharge slightly above maximum, :6 defln:.tely
negative pressure was -obtained.: Bo‘*h pressures and wa‘ber sur-
-‘i‘a.ces are plotted in f‘lgure 28-;&. ‘ R : .

Bacause the i‘ms whmh i‘ormed An the chute were not pro—-
hibitive in: slze ‘and ‘their effects were. adeqmtely d:.ssapated in
.+ the.pool, no rther: attempt was made to reduce-them: @ﬁlate XIII-ﬁRi__”
. and- nla’t;e X1~ Yo _

_ Regardmg the stillmg pool prel:.m:mary TURS demcnstre.— -
ted that -the ‘floor was lower and lemger than necessary. The: ‘floor
wag; therefore;  raised 4 feet and shortened from 112,5.feet ‘to .
78.75 feot, Addi‘tmwal Ms demonstrated thet  the floor: should
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be lengthened, The remainder of the fes{:s“we_re ‘made With Y floor_.
length of'BB 13 feet‘und g:! :side-w'all leng"f:h :.o.'f""-'TB 75 feet.

Tests on- dentated steps - showed. that ”T" (fMeure - 3") was .
most eff‘ectlve. The steps "x" and "w" were not high enough to '
effectively brenk up the high velocity ‘jeb. ‘Other:dentated steps
were placed with the downstreem edge.nt tho intersection:of the -
2 to 1 slope and the horizontal pool 'floor; and varied 1ittle ‘in
effect from "R". .The tops of the ‘ceoth wore. horlzonte.l in-all:
dosigns,

: One series of mests was rin Wluh double dentated steps.
The seccnd row of teeth:was located upstream and. staggered with
‘respect to the teeth in uhe first row, Additional energy was .
. digsipated but not enough to ;justif.'y uhe add:.ta.onn.l cost of con—
struct:.on. : -

. 8ills "A" to "BV, inclusive, (Mzure 31) were ‘tested e
for{plan No. 2. Trianguler sills were not effective. ‘Square
sil

s and square teeth were not satisfactorys ‘Double rectangular =

sills (fest 5-CA-—1) were very effective at normal tailwater (ele- - . :

vation 4118), but with a comparatlvelv small -drop in tailwater, -
the -scour ‘became excessive. ‘Several Rehbock 5ills- were 'br:.ed.
g8ill "p", ?ﬂ:gure ul was tho nost ei'fect:wa.

: Bectuse of the flllets mstalled at the °1des oi‘ ths
pooi, for structural reasons, and because of‘the_dlstrlbutlcn.of'
the water in the pool, it was found thet the two end teeth must
be wider than the other teeth, Tests with the two end speoces.
filled or partially filled showed slightly less scour than with
the spaces open. - This mprovemen't did not warrant & . change in
design. : ,

Af‘Ler the h:.gh crest was taken ouy, 't:he size of 'l:he _
sill was computed fromitheoretical considerations:and- found to:
be excessive, Sill "2 wac designed from £ill MP" and compare-
tive tests (¥igure 30) were.run for the low crest (plan Ho. 1)..
Since 3ill "R" exhibited less 'scour, ‘it was. recomnended for the
finel design. '

The recommended position of the s31l (tfi" ure 34 and
plate XIII) is 54,87 feet from the upstreem edge -of the pools
The recommended length of the pool was 78475 fact; the recom-
mendod floor length was 88413 fe_et. Greeter scour occurred
for either-a shorter or a longer pogle

Side whirls which 6ccurred a%t the ends of the pool
walls washed the material away from the rotaining wall, end

10
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scoured holes at: the dovmstree.m corners of the floor, 'Wide end
teeth decrsased this astion. In enother attempt to- ‘eliminate the
soour and. wash, .small wing walls:10 feet t0.1245 feet high-and
944 Toot long were added as ertens:.cms to’ ’che side: w&lls. “With
the coarso sand ussd in the model, the scour was reducod. The
wing walls. wure,wtharefore, recommandod (pla‘co XIV) o

High dom'~ Plan Ho. 3, Tho ‘samc goalo (1o so) and”
gonoral typc of comstrustion wore usod for lon No. 3uas for tho
proceding nodels (I‘fguras 35 ond 36 oné ;ﬁla’co baig ' ‘

e

e : The crest huwever, was made of conurete, pol:.ahed ‘
" smooth with: a. ca.rborundum stone, The:stilling pool was made. a
continvation- of the chute snd was connected o the sand box:with -
e watertighc' joint: at the end of the: pool’floor. The topography .
pstrea.m from: the crest was made of: ‘wood ond 1ined.with: metol, e
ond the topogmnhy in the sand box ms 1‘ormod of. so.nd and ripmp
renlncod bei ro. onch run. o ST ‘ . ‘

- .“7/

‘Crest. coef;.:.clents (’;’igure 27) and pressures (ﬁfgure

- 29) were fownd to be ‘generally similar to those: -ohgerved for

Flan Yo, 1, . This was to 'have: ‘beon -expected from the similarity

- of ths crestss thtle cha.nge Ain the characteristios-of the" flow

.in the chute was o‘aserved. . Surface" profllss ob-tamod for lan
No. 3.are sho\n ins Plguro 43.‘ ‘ :

Numercus modlfz.ca tions: oi‘ the: pool das:Lgned were ‘tried.

The denteted step, "Dg" (figure 57) wes not as effective as’ "D}.n

(figurs 37), but the difference .in cost.offset the: difforence
effectiveness. "In g;eneral ‘for & ‘miven ‘tooth height,  the more

~effective. energv 'disai pation is obta:mad w:d:h the: narrmver too‘hh. i

‘ The des:.gn of & Rehbocl: or: mcdlfled Ileh'bv:mlc 5111 ‘con-
“gists’in determining the height, Lhe spacing of the “teeth, and
‘the-slope of the base. In these tests two heights: viere trxed.

o siln TRe" (figure 37) althoush-enly five fest high sarved’ bet‘bm‘ Sl
gu

4han c:."her of the ‘six=foot sills: (‘I‘lgure 38:end plate XVI)..
The spacing and.width of the tecth.should be, fron 0:8 %o 1.0 = T.
tmcs thon- hevht R .,,}. O

In pmctlcally 81l tests i‘or fnla.n BUTRETS greater e
“scour. oceurred beyond the corners. of the pool than beyond the
.center. ln en-atbempt to correct this ‘seour cvu..sed by fillets
in the pool and by side whirls 'at the end of the pool, various
widths .o end teeth were used. ~7ith a space ‘instead of & tooth.
ad;_;acent ‘to - the side. wall, scour-at:the corners-was vsry 'deep.
With “the end teeth egual in width to the other teeth, the scour

1
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‘was deepe But mtn the end Leeth two to throe times the width
of theo other tee th, Lne scour was greoatly reduced (figure 20 and -
plate XVII). : This is in accord with Rehboc“‘s-flnd;nhs. How=
ever, with’ larypl end teeth grester s courloceurred at the con-
tor. . An end tooth with tw1ee tho width oP-uheiother‘teeth was
recomnended, . An attempt to sliminate t:is scour by muising the
end teeth was unsun ocsu‘\.ﬂ. " '

Tho.slopw of tha base ‘potwoen Bhy tecthinflumces the
divection of the high veloeity {low. A stuop slops dircets tho
high velooity wator oward tho surfsce whilo a-milé slepo per-.
mits a };~hu‘ veloeity nearer G bottom, - Tho slaopes: varicd
frum 15 doprens {RH, B0 20 deogroos 42 minwte s (Rg)s The §i1l

drew mauerlal up.near the 2ill better than §ill R. (figure
38 and plate 3 VIII} but was not o&ul»fﬁGtGT beuausg scour &t
the 1lsft corner was 1ncreased. :

‘ A ”O'I’Ibl"'l.ﬂ.ulon 5ill devolopeu inexn r‘*r‘imen'ts for the
HMoon Lake .project wes next tried, . The combination sill is &
dentated sill superimposcd on a pl&ln rectangular s1ill (Figure
38, 5ill Rzp)s - The combination 5ill appenrmd to acvomgllsh a
mors complete a1051gau10n of energg

Both 5131 Rz and. 46 mere tried in LonblnntLon with a
wrecbanrular 8111 2,34 feet wide and 1.50 ‘feet high, Both com-
binations worked well, but the Tormer causad a. very pronowmced’
secondary roller’ dovnstream. ‘The ‘latter combination called Rz %
produced less scour eund side wesh than any other ond was thore-
fore chosen for the flnal recomnonddt on {Pimure 38 and ﬁlute‘
XVIII)a \ .

Tne revult of tests ‘on dlfferent lencthw of pool are
showmm in flvure 41; end Plate XIf. As ‘is readily apparent, an
optimum length of pool exists from which changes in the dlrec-
tion either of lengthening or sHort@nlnF TGSUlu in an increase
in the secour, A pool length of 55 fect; ¢Jgure 40, appeared ‘to
produce results as satisfactory as those ‘obtained wlth the 60~
foot pool, but because of its adaptabllltv to o slightly greater
range of tailwater clvvnblonQ, the 80~ foot pool was recommandud.

‘ Consxderable attent1on was glvnn *to uhe‘elininatidn of
ﬂffects deotructlve to the downistream embankments. As prev1ous-
1y stated,‘wlde end ‘teeth and the combination sill, fﬁ i parcial-
ly reduced the sill whirl which washed material away 1rnn ‘the
side walls and the scour at the corner (plate XVII). Longer side
‘walls and supplamentary walls failed to offect any Amprovement.
The measurss finally fcund naccssarx fo provent the- er031cn cf
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A. Sand Bed After Run - Double tooth,

D, Ripfap After Run - Triple Tooth.

B, Sand Bed After Run - Single Tooth.

COMPARISCN OF END TEETH




FLATE XVIII

o R R
G, IR
il

B. Sand Bed After Run - Sill RB'
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COMPARISON OF LENGTH OF POOL

B. Sand Bed After Run - 45-foot pool.




¢, Sand Bed After. Run - 55-foot pool

A. Send Bed After Run - 50-foot pool.

D. Sand Bed After Run - 65-foot poole.

B. Sand Bed After Run - 45-foot pool,

COMPARISON OF LENGTH OF POOL




the brmks mcluded & reduction - of the stream-bed side ‘sLlape “to

2 to 1 and anincresse ‘in ‘the dopth of “the :riprap to:5 feet, "It
is possible that with protetype materinls a 'steeper: srope would a

be permssible (£iguro'45 and Piates XX end IIT)

The - smll wing wall'a recommended for. g?lan Hoe 2 proved .
objectionabla for. plan No, 3. With: riprap 'in placc “tho: wing ‘
walls appeared to incremso the’ s::.de wash: slirh‘bly v':.thout mate-
rially changing the :scour, . S «

“The pres=ure measurements made in “Lhe s‘bill:x.ng pool
(*flgure 42 yielded ‘uhe follomnrr covmlus Lonm ‘ .

&) The nlezometer in the" ‘downstrean face of the dentated
-steo tooth, at maximum.discharge aud normal ‘tailwater, showed 6
slight nog;ative pressure and. an increesing: noga.'two pressurc: ot
moaximum dischargo as the ‘tailwater:wns.lowsred, As tho dis-
chargo was roduced tho. plczomo'tor shcwed an :anreas..ng; pos:.ti‘wra
nressuro., . . : - ;

(’6) Tha plezomater e front of bha sill md:: cated an in-.
crease in tho ‘pressure: with & drop in taﬂwutex, ‘the d:..scharge
being ‘held at meximum. When the dischargeiwes lowered, the
pressure also fell. ei‘f.‘. '

(és - The p::.ezometers between the step- nnd tno 5111 shcm ‘the .
effects of the. .change in direction of ‘the flow’and the Superpo-
sition of the ‘roller. These varied: dlreculv vn.th ’c*m dnsoharg,r R
‘.and w1’c]" the! talle.ter elevatlcn. - - - '

Rﬁcap:.tulatmg, the followmg results o:f‘ the studles o
Tor pla.n No.: & may ve emphaalzed. : ‘

‘The ‘side slopes of. 1% to 1. as used ‘in the model wore
_'I:oo ateep. The' send WS- washed ‘out from: undoer ‘the - ‘riprap, ‘per~
mitting the riprap to-subside end colleet “in the bed, A& & re= -
sult seour‘in the bed was comnlebely" -obscured for: conmderably '
more than the normal duration of the run. Side slopes of 3 to
1 mainteined their. mtegrzty vory: well, ‘Sand from downstream
was in same instances carried up:and deposited on the riprap.
A very small amount of scour: anpeared in the riprap floer, nrm-
cipally at the loft cornor near the vool floora ‘

The small wing V“a.lls af. ﬂlle,ns Yose 1 ‘and .2 were not
necessary with the riprep in place. ‘Although “in-send the wing.
walls were adventageous, their effect was ‘detrimental wity the
riprap. ‘Floor scour was diminished, but the s.;oughmg of the
gside slopes was mcmsed by the ulng W&llSu : o

_y B . S




“PROTOTYRE -
‘DISCHARGE "TAILWATER
T GFEB. . ' ELEV..:-

32,900 r-i-4 | 1 4,0

' 332 soo«»u-m RN 8 o

28,000 sneia 11T T
75,6504 1168

<20,200 anammend) | |‘_5 .0

raevert A ‘ PR 5 _ 14 00 4y (47 7 __,__-_-WATFR SURFAGE 53 cA—l
S BAE GRS R R ‘ s e ‘

B a-GA-G

54-CA G*“”*\5

'wmsnsuamcsﬂsa‘-:cmz

i
H
at
3
i
]

‘ ri.—’-

...,—

J 'WATER® SURFACE 53-CA-i;
R

~7-

.;-_-:_---;4 ;
é;-.‘_“‘ ~

vm\

I e
. Lot B3-CA-2
|

{ v
!

T{a 75»,-- 0. 59»«1,"--5 1 -4 os -—;‘.»-—»»-w ‘r.vos'-~"-l-_--'45~-

g _»-;.‘__7;_.;;;.-_.'
50 W R

it

FESRET - 09--—-. [ S N 1T eemrid, O---\~--1----—~| (65 “rsiit

T /l:
S EL.18.80% "
Ds

g2

~ 12

©:Z31d
[PRREAN e

- 9773d

p_;;-'_‘;-, I S
e L e

> EL— iG.sé"'f" ‘

R s ] ?'“."
=

e

— b ! "‘f '

| ‘ Lo e R S R S R §CALE m mcnes MODEL
[ 10,09 miveem
[ de-= 705 -

fmmrm At ]

. -409‘1 | ‘ scAL.-. JN FEE:T PROTOTYPE

e 30 :5 30
_....,.EJJ- b L 1 l L IR

£L°‘ o : . . A !

‘...5...“1..-.4;gg...,;:-..,. : AT SCALE Ty INCHES-MODEL . R DEFARTHENT OF THE INTERIGR ©
. BUREAU_QF RECLAMATION |

o {__._. e el _l 3 - o AU AL I B k RIO. GRANDE PROJECT - NEW NEXICO-TEXAS
s "3\9-"’1 Gl .‘:'1‘ . IS o E ‘ co ‘ RS SR CABALLO DA M \
B s Y ] : S _ , _ SR ‘ ‘ . ; &) ‘ :
::‘:$ R = b e S ; R I WYDRAULIC :MODEL: ExPER:M‘WTs
- , s R : : CAPRESSURES: IN. THE STILLING POOL

SO L

i,-_‘..;.--._-..;m.-.,-g- Ia;;.._-;':,:

- "NOTE CE “ e—n
“Elevation c,‘c" is at‘mode! crest - ... . - i Bisetyy SCH R S Tl a ok
| LOGATION OF PIEZOMETERSUN.POOL :::::;";x*“.::" ::::::::g)“'-""*‘*"‘*

GHKCK’D. e . 4PPROVED.. .‘




~‘F>§eyR‘g:W‘”"'

DAM

| WY3ui54, ONINOGT SNOLLOZS SSOND FOVANNS NILVA

NEW MEXICO~TEXAS "

‘BALLO
YORAULIC MODEL EXPERIMENTS

BUREAD .OF RECLAMATION
SURFALE (PROFILES - PLAN NO.3 - -

L DEPARTMENT OF THE HINTERICR,
GRANDE PROIERT-

JFROM £oa

‘feHECKED, ]

0

‘R.AND L

STREAM 'BED PROFILE BEFORE. RUN.

~-SLY8 46 VIS ooy

AFTERIRUN. ©

|‘1‘ l,mhf% +.w..‘,¢;—mu1lq .,lld

STREAM'BED PROFILE:ONRL
MEAN STREAM BED:PROFILE -S5O

-x2+e:002L48YIS
1po'fe+a VLS

€0, PRESSURE: HEAD

T

NOICA

[
H

i

1

i
[
o
!

1

¥

¥

-,.;...-nh.m.m L o

-SLPS TS

Tl - DgTrra WS

¢_‘

V5.PROFILE DN

65701+ 9°v1s

0089 i9 apem s n

é,mOm + YIS e - -

F“ e
fe
o
[« 38
[ I
]
i
(L B¢
&
L
.
[
@
a

e
-
S

—y,
¢

)
a

=z
<
By
X
o
: v._x,
0
0
2
N o
g7
wi
B ol

.--w,s;padr:Lg AT SIDES -

:
¥

ALl

_f o OGR4 T WIS e

OMETERS 1N

IMDICATED: PRESSURE- HEAD

v

el

‘pig
SIDE W

e E . OG0B E VIS -
. | ‘ h 0G0+ 5 WS

-0509+ 5 V1S~ -

1
i
H

— QG DE+5 WIS —

T..... S-2i0G'BI+G WiS

¢
"

SL'20.+5 718§

(~=05 003§ Vi~

Lol

J060L+tWIS

| DR R i
100 ND 3G

i

;

ogovs b1 :

18 20 22 2%

-

i

T

T
¥

1. 26,301 467 50-.60 70 . 89 92

R Ll e

TOTYPE SCALE N FEET

- oo---0g96 <€ VIS

3

 MODEL SCALE N INCHES -
IT

T+

i

) B R i
Y
S ko

*

t

*
o




TRIPRAF
'y SLOPE..
¢ THicK

;UG-S -

- MEYAL LATHS AND

| PLASTER WARDS 02 RISE,

=

JrOVO N
H
.
H .

——-r-}r e

VS 0 QI MLTALU S

I 15387

B P

U UARIPRAR
COTSTHICK.

L

.;og]a h_."_'-- o

Y

; ”ﬁr—“ PO TR gl_n..,-...

: 'o-z“nov: FLOOR } HEE
o co . . ) . o S T [ )sog«--;--ﬂ

' \KF”-L_E"'J . SER SRS LTI BN SRR TRE e wat G e KH '-8_-%'FILLET ""1
g s =

Lﬁo@j?%s'?

il RiPRAR
] B SLOPE
U THICK

OG-

R P

-.n‘-‘-.--‘-f‘w-;----_‘-.15,59';";45-»" -"--..r..:-«'_-" |4qe.-..--..----.-...--. ‘—-‘lu--w;g L ey

L EL.+ 580"

EL +500 ,-aosau SCALE N, mcass

4 ; 8.7{8 - el ‘IZ M Y158 20 Zé 24
!]L?"ii‘vs Jli's‘!}[‘li]_
-~ I 30 40 50 ’30 ?O BO 90 IOO II'Q.!EO

“PRDTOTTPE CALE IN FEET e

i

N
A
Il

e ansemamane _........22\55'.’.-...----.._.--__.‘.;'.235';221‘.;..h,..1_.;.

'

B T e

- 5‘425'-“ ‘«uu—:z [} s" aacwa me

EL~B.40 -

CRIPRAS -1
N i"THICK- _
"DENTATED: STER- 2

.. 1Dy )

'
.
I
H
H
H
H
H
'
¢
H
i
)
H
H
3
H
'
»
n
-
O‘A
+
]
H
i
'
?
*
1
H

B

bt m e et a e e man BRI 10 P S VDSOS NP E-INEEIN- SORREP SIS STRSERT € X 1 SRSt

.'.DEPARTNENT QF THE IMTERI(JR

‘ o ol _ AR T SR .. 'BUREAU .OF REGLAMATIQ R :

‘ o T e _ R R S RiO Gnmpf. PROJECT T HEW.NEXIGO - TE:!AS

SECTION A-A - © - Lo . CABALLO DAM
CSPILLWAY

HYDRAUUG -MODEL EXPER1MENTS :

‘FINAL'MODEL DESIGY ~PLAN H0.3.

pRRWN,; H.GDWR, ., SUBNITTED. . [T
TRAgED £F J, EER nf_ccuuswbs\a.}.?ﬂéw

CHECKED, . FLi® ,.,,.APPRQVEU

_—"["QE




CFIGURE:

RIPRAP 5" DEEP
£43:1SLOPE
= ¥

iliin

s
3

AIPRAP 3'DEEP.

N00000ap:

H
’

o fao.

T

-

bl

T

BOH-
;_._1;,

-“'-ﬁl-f'_t SeT
o
o~

wmer g 1

__j RIPRAP 5 ozep S " \""""""'.,77'-

W"“ S 3L SLOPE i SR i :
|

‘ -“ 1 ]

(R ..--'--sg'o‘-----.----n—..IB25-0.--------...-..--.75 0 =atenie b e -

v

o P Ty

TDETAIL OF: SILL R3c
TBRCTION “¢C- "

-+ 211 SLOPE ' Rt F U ‘ LT ke goate)
;'Rac e - ; Lo : . ’
EL.4004.0

g3

- s = Ay v KN
W ,;:;#:'o-r Ll

8! 'I'IONAM'A

TOP OF DENTATED. STEP 1 TOP OF SILL

- “ﬁ_r*mﬂf*:—nm-hi'-—t—‘ et £ 3 8L0p¢

‘SECTION -8

SCALE. ‘N‘FEET S S Y v o OLPARTMENT.GF THE-INTEMOR .
A - T “BURLAY” OF WECLAMATION .
SRIQ OMANDE PROJEST -NMEN MEAICO~TORAS

"“'CA'BALLD DaMm:
e 18020 IR SSPILLWAY - o
MODEL: 5“'-5 e ”' s - S MYORAULIC MODEL: EXPER(MENTS

. S L - REGOMMENDED POGL GESIGN — PLAN.NO.3




e A

N

PIATE XX =

1
%
\Ib'

':-4-'53»
:&.

5

SCO'JRED BFD - 53,000 C.F.S.
2 HRS. @ 4114 T.W., # HR. @ 4118 T.W.

FINAL MOIEL ~ PLAN 3




L
e

by AR

POOL ACTION ~ 33,000 G.F.S.- T.W. 4118
 FINAL DESIGN ~ PIAN 5




P

| , "Wid‘e -‘\énd'téathl ware ja’dvantag‘gequs:be‘o_@_us:eu o'ff-'thé ‘{“i.'.iil'eg"ts '
instelled for structural ressons end ‘because ‘of ‘thoir effect in
minimizing the.side whirls at rthe ‘end: of the pool -floors ‘

The ‘combination #ill proved most effective in deoress- - '
ing scour and side:whirls.. .‘,‘*Rshboc‘;.k-'sfills"with'fmil‘d‘fslopesj‘prd-’-"‘ ‘
duced less sand movement :in ‘the tailweter channel but.did:not .
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