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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.




D. .STILLING POOL
 SHOWING HIMP




© Stilling bawin

12:0°Bia.
ire dannel

e

oo

il

b

3¢ Dumpad o
r!arap-- ,

¢

ll‘!

Y,
b

-

sHyeoo

1

CecEl4NBED
. ‘

© L sSto. 13468

- Sida tangant fiifet lines ..

‘.:.;,:sj.'uoua'“

2418% 26"

U dpeese =
: Re90-0" SITTIY
Lr2sge’ A Lesiey
22 6" -—-—us'd‘w--------so ‘o

ELaNB.80~.,
+ E14116.00"

4"‘*“?!0':0" -eesf'[¥
-~ £1,4108.00+

SEGTlON *A-A .
Meaaunng flume housc not snown

‘ +EL,4094.00 .
e

ieiatoso0
LEI4105.00

49ECTION

G099 RO vane

AEL4116.00+,

sm. s+sa 17----------» ‘

rMetol. :mdm'
-‘-;, Hmng

;

- Sta. 14123.06

. .3EOTION EE
na:wmaﬁ B

SECTION D-D - .
ORIGINAL . DESIGN. .. -

SECTION ‘-8
ORISINAL DESIGN

140" Dla..

= ELRN4.00%
s> SRS

'fl 41(_)3 25

SEGTION E—E.
REVISION A"

‘cire. tunnei-...

UNITED BTATED . -
ocmuruanr OF THE mrsmm

EAU 0¥, ulm.nmmon L,

Ao anot PROJECT=~ REW a:mco-run .

CABALLO DAM
U LOUTLED WORKS - -
HYDRAULIC MODEL srumes :
ORIGINAL BESIGN'~, REWS!ONS A8

| odamn ek

TRACHD V-K"u' Hl-
EHECRED,

sebeees




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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