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FOREWORD 

Hydraulic model studies:!in connection with. ,.the..,spillv'av. altar-":. ~ "- 

.[,:. 

etions at Elephant Butte Dam,:ere made in the hydrauli ~ory 

of the Bureau of Reclamatian at Denver, Colorado The:studles were # • ..... , , 

beg~.m by J .  A. Llndsay, A s s i s t a n t . E n g i n e e r ,  in  Septembe~ 

completed by R. C. Edge, Junier " " 

tests were made under the immediate super~i ~ineer./ 

" • t . : 

, :4 ~.- ...-,+~.,~ 
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Subject: Hydraulic model studies 
Butte Dam - RIo Orande Pz 

i. Introduct l?n. and? summal 7 of result s i"::'~' ~' 

prlnaraly with model studies to improve the ! ') ,:::,i"i:i, 

spillway at Elephant Butte Dam. In addltlon t 

cernlng the prototype h~ve been interposed t oi:p~ 

picture, or background, of-::the entire program cc 

alterations. 
• • ? 

Subsequent to the completion cfthe dam in 1916, t 

design of the spillway was,que~ ..... 

water discharged through this sp 

1941, it ~as realized,:by ail;con 

floods •which occurred in: :the Rio Grands River. ' ' 

f o r  s p i l l . a y  elteratlons was proposed..the aIterationS to •be "based:.iupon ~:~: •: 

designs evolved fro= studies on a 1:40 hydreulic~:,imodel@ :.i::.,::.:.~ ~:!i ::~ 

In model tests of the':.:[existing design, .water he ..... 

walls of the spillway channel or chute, forming standing waves.~ These-:~.Ui: ;i~i.~ 

waves topped the channel ~ells at 'discharges greater' t£han~8,000 ...... second.•:: ~: .-" ~' : "~~";"~::~:: 

feet, llmlting the safe:sp$ll~ay capacity to tbls quantit¥ because;bed2:'," ',ii 

rock upon which .the sp~l!.~way was built contained much- Iha i~ ,  and would 



'I ~. 11' 

f" 

S 

' ~+, • 

": -!: :-: -. 

s.,l:y arodo. :A ' ~ : ~ u .  f:o0d, or ;SS;000"ssQond_f°. , - o u l d  o o . . o  T e ~  

~erious ds~s~e, if ~o~ fai:u~s o~ ~ e  ::~il:.oy. 

Timber ~ a l l s ,  t o  extend, the . ,,..~:~,, 
~r..t era-'. 

porary protect  ion ,u'nt i l  Permanent 

f i r s t  s tud ie~  on t~e ~odel .  Such 

prototype in the sprin~,o~ lg42 wnen..l~ 

. ey  would be  needed ,~'o b ~ e s .  r ~ o o ~ .  

discharged ?,000 s e c o n d - f e e t , ,  It ;.as" t 

~alls ~ere properly: l o c a t e d t o  d e f l e c t  

the waves would overtop, the ;; channel wall 

8~000 second-feet, as in'" he..~ 

the prototype a l so  su~s:, 

the same e f f e c t  as lncreas inE  

channel wal l ,  thus the spi lIwey,  oe b~ 

what l e s s  than that indicated ;bY"t 

i~odel s tudies  for  permanent sp~' '"ineluded"tel ::":i 

us'10~ baffles, dentates,. ;, ~r~ini~ :Wails ;::ai~a:,..:ch&.~0l: covers .to.i'or:: 

" ;i!i  unt-for~ manner, and not. ::'to'~:,:.:,plle ~ a l n s t . :  ~ .... the' -n l i : s  l e ;  ~ D d d e n i '  ::"~ff, i i'e'll 

w e ~  not satisfactory.!~..Tralni~ 'Walls . . . . . .  " :'::~ : :' :•:',.,:i~:: !i '~ 
. . .. . . . .  : : ;>- ¢,%..: 

d i f f i c u l t i e e  would be '~ncounte~d. A . --,, :;~.:~:-,,~'; 

c 

f o ~ e ~  the a~a~en~;:;e"l.t,d foe t~,e f i n a l  d*8ie.;; Ct.18ure,1).. !i.~hli :::( 

d e s ~ n  was adequate for  diecharsas  t o . ,  . .  35 000 second-feet; . i ,  . . . .  r ~' . " ' '  

_, ¢: 
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Upon completion of the-studles ofthe~spillway channel, revisions. ,i. ..... 

to the four outlets under the spi!.lway crest .were st~dle ~el 

(figure 2 ) ,  and the flow from the s into the rlver~bed, or 
• " ~i: ~. :: : . 

tailrace, was observed. The relati~ ge to reservoireleva- 

tion was determined, to furnish rati~ curves to estimate prot0type.dis- 

charge, for the ex~istlng and final designs . . . . .  

2. The Elephant Bu.tteiDam - Condition-in1939, The Elephsnt BUtte 

Dam is located on the R: Rivbrat ~ Elephant ~utte, .NewMexico,/ 

about 120 miles northwest of El Paso, Texas (figure i 

gravity-type dam is 1,674 feet long, with t 

%~on 4,407, 191 feet above the normal, tail~:~ 

However, the maximum height .of the struct 

is 306 feet. Upon its completion in 1916 

capeclty of 2,6B8,000 acre-feet, was used 

storing v:eter to irrigate .the surroundin~ region. In 1941, the power- 

house ~as completed so the~d'~a~,~mow.serves t • purposes=-fiood con- 

rig power developme • trol. ir ation storage, and nt, 

• - } C  

- - _ - r  

.at=slly, throng  thei' d  

has s ' ~ f e r e d  a c e r t a i n  amount o f  d e t e r i o r a t i o n .  in:,a~,letteritb.:ithei~~ 

d e s c r i b e  the  c o n d ~ t i o n  o f  ~the dam and ~ t s - a p p u r t e n a n t  works  a s  t h e y  ;: 

t. 

the  s p i l l w a y ,  no u n u s u a l  r e p a i r s  were c o n s i d e r e d  n e c e s s a r y .  I t  was 

recommended t h a t  p o r t i o n s  o f  t h e  d o w ~ t r e e ~  f a c e  o f  t h e  dam be r e s u r -  

f a c e d ;  a l l  dr~ lna  be opened t o  c a r r y  away l e a k a g e ;  .~he l i g h t i r ~  c i r c u i t s  
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be reJ~ired ; channel improvements: :b@:'continued; and repairs be ::~de to 

the/parapets and the zoedway:on top of the dam, : 

Some damage to ~ the spillway was observed. :Compression failures 

were noted on the spa~drel extens'ions wh;i~h :f0rmithe~,r, 

spillway and cracks ~ere observed on,the seati!On ~, ' ogee 

the crest. More important, however, the hyd.-*~.-,.~-..~,~-:, -- : - ~  -~, 

way was quest Ioned seriously, ,and it 'was "dou 

could safely carry ,the ~quantity of water-for 

It was recommended - ;, ~ ;~ 

"that detail flood-cc 
be made i n  t he  l i g h t  o f  I 
able informer ion.. ,Depend - ;,i 

• h y d r a u l i c  model  t e s t s  t o  u ~ m : L - n e  ~.l~e s p i l l w a y  o p e r a t i n g  c o n -  / 
ditions and •required remodeling ~shoUid:~be made." 

3 .  The S p l l l w s , ] .  The sp i l lway~ : . l s  l o c a t e d  a t  t h e  V~est , o r  r i g h t  

end of the dam with its crest i}sra~l~lel to the exls of the dam.~/!: 

.(figure 3). The cres~ at el@fatlon 4,40~,~.Is "295 feet long., and 11,2 

feet below ~ne roe •over the .top f th, e -" 

described as consisting of t~ree sections 

• (2) a transition channel, end (3)a chute 

of a shelf upstreamfrom the crest, at el~ -' 

spillway apron downstream:to elevation 4~381~,.6 (f.i~ . -This sac- .~.:. • 

.tion includes four i0-foot diameter cylinder-gate ':outlets which pass ~' 

underneath the crest and,!dl:scharge upon the apron. Th.ese.cy!inder- 

gate outlets increase the spillway capacity and per,,.It the spillway : 

to discharge-when the w a t e r  surface iv. the reservoir is b e t w e e n  

elevations 4396.0 and 4407.0, The transitiom channel begins .on the 

-o 7 i-/ 
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s p i l l w a y  ap ron  a t  e l e v a t i o n  4 3 8 1 . 6 ,  s t a t i o n  Cl.+O0, .and J o i n s  ~the c h u t e  

at elevation 4347.50, station I+20o76 (figure 5). The chute, 50 feet 

T~ 

wide. extends to station 9+15. at elevations:4205,0. The total drop ':' P~ . . . . . . . . .  

from the crest, elevation 4409,0 to the mouth of the chute, elevation 

4205 .0  is 202 feet. 

Wl~h t h e  w a t e r  s u r f a c e  s t  e l e v a t i o n  441~0, f o u r  f e e t  above t h e  

crest, the spillwaywill discharge approximately 16,000 second-feet 

8,000 second-feet over the crest and 8,000 second-feet thr0ugh the 

cylinder-gate cutlets. As the water surface rises above elevation 

4411o0, the spandrel arches forming the roadway above the crest will 

restrict the flow somewh=~.~ ~ However, before the water could rise so 

high, that there would be danger of overtopping:the~dam, the spillway 

,discharge would reach ~35,000 second.feet, the maximum flood that is 

anticipated in the Rio Grange River. 

This spillway was not bt:llt as one project. The crest section, 

i~cluding the cyllnder-gete outlets, as shown in flgure 4 was com- 

pleted in 1916. The conetructlon of the transition channel and chute 

d°wnstreamwas delayedfor several years, and was not-completed until " i,~.~i,~i~ 

1 9 ~ , e o  From the beginning there was uncertainty as to the proper 

location and alignment of the chute. While it would havebeen desirable 

to locate the c~ute at right angles, or normal, to the axis of the 

spillway crest the terrain was unfavorable. When the crest section 

was under construction, before 1916, it was evidently planned to turn 

the chute about ~ degrees 45 minutes to the right of the normal of 

the cres~, looking downstream. Accordingly, the tunnels of the 

I 
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cyllnder-gete outlet s ~d Id ~n ot (~o ~under t he -.crest ~h:t ~right angles :~.to , 

the axis but turned to-the right ~23:~degreee, ~45 ~minutes ,to,,dis~ha~e 

directly into the chute~figure 4,-':When. ,c. ton.?of 'the.~chute:-~. ~ ". ~; 
- . ~:i :I~ ~ 

began, it was found ,that .better foun'datlon ~rOc~~would:~be.:svaileble .~. : 

and that s large ~savings in'i:construction,costs :would ~!be:pOsslble if 

the chute turned !~he ~opposite .a_rection ; :that 'is t'~ the ~leZt'~:,of,.the - | 

normal of the axis-of ~the crest,! ,Accordingly~ the -,chute was located. ,- 

4 0  d e g r e e s ,  45 m i n u t e s ,  t o  ~the  l e f g  o f t h e  . n o r m a l  ~ o f ~ t h e  c r e s t  .and " " 
l 

Joined to the crest section by:-:the ~rensition ~chennel '.ibe~ ions " : ~: 

0+00 end i+~0.76 (figure 5). ~ 

4. Inadequacy,of the ex: 

the chute means that water fl~ 
m 

40 degrees, 4~ minutes., ~.to .0flow into the ~chute, 

through the c y l i n d e r - g a t e  o u t l e t s  must  ~eventua l ly  : turn ,th~ 

angle o f  6 4  degrees, a4 m i n u ~ e s . . ~ A C t u a l I v :  , ~ , ~ . ~ - . : , ÷ ~ ^ , . . ~ , ~  _~": ~ : . ~  

j ecent  to the west  c h a n n e l  ws l l~  the r i g b t . , w e l l  ....... / "~ : . . . . .  ;~ ~i 

must turn through en angle of 91 'degrees to :fj- scent 

west wall. At .the time of ~he construction :o~ fore 
i 

1922, flow -in .steep cbennels :was underst at !' ~ :/! 

all, end model'.studies 'to assist in , t h e  hydraulic designlofi~such ' : 

s t r u c t u r e s  w e r e  n o t  e o ~ o n l y  u s e d .  W h i l e  t h e  c h u t e  ~ e s  d e s i g n e d  t o  • 

carry a flood as laz~e as 35~000 second-feet, insufficient consId . . . .  .. ~:i: 

eret~ion was gi~an ~o "~the .effects of a change In direction of..~the .fio~.~, • . i 

Water flowi~ down a steep chute in which ~there is e curve, wil~l 

pile up or form a standing wave on the out~ide wall at the curve. This ~: 



_& 

wave will be reflected to,the opposite chennei,wall further downstre~, 

then reflected ibeck ~again,~.apd so on/~to t~he ~en~ ~nnel.* IHI " ~ " 

a chute a s  steep :as ~thet at theElephant :Butte of ~'~- 

sfich a standing wave could be several times :~the :!depth :of.£,l ~ in the 
0 rL ~ .i 

channel. 

Prior to the inspection o9 the dam by~R. S, Lieuran~e and R. iF. i:- 

i. " ( 
Blanks, December i0, 1939, .the .spl.~lway 'hadnever!been '.used, :but, ias :.:::.: 

inferred in their report of JanuarY:3,: this dam- - 

would eventually reduce the .storage 'to spillway :~ ,,:~ > 

would be needed. On July ~!!, .1941, the:, outlets dis- : 

charged for the first time. ~Amaximum ;f: ~econd,feet 

occurred on July :17. The ,operation .of :t c e.outl~@ts. - ~: 

during the months of July-and :August is de "" - 

record ~In a letter f<,'omiProJect - 

Chief Engineer, dated ':September 

two of which a r e  .shown on figur~ 

tunnels, striki~ the adjacent .~ 

which are almost as high as ,the :channel ~walls.o 

reflect on the east wall of the chute further downstream, a!though~ -:-,. .... ~: 

their height was greatly diminished. .In the :i letter' of September ~4, ~ 

Flock emphasizes in paragraphs 6 to 9, inclusive, that the:existing ~" 

Chah~el ~is completely Inadequate~ !to handle large !-floods, :and that 

, ,  , . ( 

* For a d d i t i o n a l  in format ion  ~on thls type ,of  ~flow-see.:'.th6 ,report 
by Ao T. IPpin and :R. T. iKuayp "A StUdy of High Velocity Flow 
in Curved Sections of *Open Channels-~renA,.Aa .~ +~ ~ , = - ~  
Institute . . . .  ~ ~# .----- ,~-:-,~ ;~alllOl~l18 or TecnnoA0gy for ithe :Los ,Angeles Flood Control 
D i s t r i c t ,  March 29,  19Me 

f 
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FIGURE 6 

£. AIL F~ SPII~AY CYI~D~ C~ATES 01~ PUIL, DI~L~E 2.09S c,f.m, 

ff~ . 

B. SPILI~AY CHAN~KL, ALL ~ CYLIND~ GATES 0P~ Ftq.L, DISCHA~ 2,09S c.f.n. 

ELEI~T BUTFE ~ SPILLWAY 
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model s t u d i e s  shou ld  be made t s h o w  the  a c t i o n  o f  t h e ~ s p i l l w e y e t  

large discharges and to determine nece~ 

safe. 

raullc, model ~_ ~i~_iwa5 " ~ " : : :" : 5. The 1:40 h~d of the s r , 
-- • A model of the: 

spillway was built on a scale of; 1:40 which )included a s~il por- 

tlon of topography u~streamfrom. the splll~ay, es'~ " w e i i  as thee • spil-I 

way crest section, transl~lon Channe~ ure 7. ,~it=wa~ 

also contemplated .that discharge fro~ the river bed 

might  be ~ t u d i e d  b u t  the  model  was not  e x t e  mouth -~of 

the chute, station 7+15.00, until the major, problem, ___ rned - ,i:,, ,? 

flow down the transition channel end .in ..... " ': ~d i,bee~ : 
# 

the,  c h u t e ,  
(section i? ). ~ '~:~I ~ ~ 

~he topography upstream fromthe ' P i i ! ~ : , a s  ro~e ~i!~• ~J ~ ~ !  : " 

e l e v a t i o n  4 3 8 i . 6 ,  the~ c y l i n d e r - g a t e  ou I 

was built as a box Inwhichl-there.were 

nea~ cement  c a s t  be tween  them. The c y l l  

inch seamless tubing were cast in ,piece:. 
The~eyllnder'~ ~ gates were: " 

mountpd on p i n s u p p o r t s e n d  f a s t e n e d  t o ~ , t h e p i e r m , .  The p i e r s : a n d  - ~.~!i!"i 

a f o r e m e n t i o n e d ,  the  s p r i n g  l i n e  o f  the  b r i d g e  arch a t  e l e v a t i o n  4 ,411  ~i~i I 
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was only f o u r  feet a b o v e ; , . t b e  ' '~*' crest and d i s c t  

second-feet would be affected by.the) arches. J~ 

built by forming plywood sldes secured by one'-inch lumber forms or : :~i ,~ 

tempietes. Nee,t cement :.was then ~-- ° 

the floor of the channel0 

The chute, beginning at station 1#2 

?*15.00 was built with treated redwooq 

~t ion 

asbestos-cement board. A speclal~sur~ 

ascertain theelevations of the floor dr t~e chut 

channel so the model could be built:~ accurately as possible,: 

L 

6. The procedure of the test~ In t~sting the*model t] 

cipsl objective was to observe the manner and extent t0 which the .: 

water:piled against the channel walls 0f the transltion rid: ,i:~ 

chute. Photographs were adequate to record:~:mOstobserva .i':~ " 

only a few physical measurements were x ~:i!iwhi~h:~re Oischerge~ 

water surface elevation in the reservoir~ and, .... 

sures. Each modal arrangemen~ was stud~ed at'd 

4,000, 8,000. 12,000 se~ond-feet, and so on unt ~ 

spillway was exceeded~or the desired cepscity~of35~000*second-feet - *  - -  

I. / 

was reachedJ .Discharge was measured by the laboratoryventuri meters. 

The  w a t e r  s u r f a c e  o f  the r e s e r v o i r  w a s  m e a a u r o d  by a h o o k  g ~ e ,  s u c h  ~ "  

,o"! 
records being m~de only during calibration testa on the model (section ' - ~  

18). Pressures were measured by piazometrlc connectlons located as 

t h e  r e q u i r e m e n t s  d e ~ n d e d  o ( s e c t i o n  9 and.~14). 



t~ 

Slope adjustments to correct for roug.hness in the model were not 

attempted because the nature 'of the correction was~,uncertain as: far 

as the particular type of study was concerned. By the very nature of 

the problem the tests were mostly qualitative studies in which the ~ 

effects o£ slole corrections would be i~terlai. ' 

7. Model studies, ~on the existin~spillwsy (1941). 

spillway design, as of 1941, was studied with the:model st discharges . 

from 2,000 to 20,000 second-feet. At e dischazgeof 2,000 

through the c~inder-gate Outlets - comparable with the prototype flows. 

which occurred in 1941 - there was sufficient resemblance~to the proto- 

type to assure that the model studies would~be (figure 8).~ 

Water from the cylinder-gate outletsstriking the west~wallof the 

transition channel (the left wall looking upstream In figure 8) piled 

up to form standing waves along this well. Entering the Chute the 

water spread, but tended to iformo Or reflect, a standing ~sve on the 

east wall near station ~45. Thisgeneral pattern remained the same 

as discharge increased althou~h the height Of the waves on the west 

well imcreased, the wave on the east wall near station 2+46 became 

pronounced, and another wave formed on the west wall further down- ~ 

stream, near station 4*@0. • 

At a discharge of 8~000 second-feet, water began to splash over ~ ~  

the west well near station 1"20.76 where the transition channel Joins 

the chute (figure 9A). As the discharge increased the spill over the 

channel well became greater, occurring also where the other waves 
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were located..; ~t a dla,charL~e ~of PO,,O00 second-feet, w a t e : r ~ / s  , 

the west wall in front of ths exlt of the left r-gate outlet, 

ov~r the west wall near station i+20.76, Over t~e east vtall near 

station 2+46, end over the west wall near statlon 4+90 (figure 9B),I : 

Increasing the discharge beyond 20,000 second-feet rapidly lhcreased 

 ua tity spnl d. . !i: i 

However, no attempts were made Zo measure 'low over 

the walls although It ~as guessed that ~bere would bess much as lO0 

second-fee~ at a discharge of 20,O00sec~ of,,the ~ 

quantlty~ ~hls spill over the~-walls could not ~be toleratedbecause 

the backfill and foundstlo~ rock~contalned shale which would quickly 

erode. It follows that the capeclty of:the exlsting 

therefore, only 8,000second-feet.  

• . r 

- . ~ . ~  

8. Pressures on was% sp_lllwa~ Jwall. StudlesrOn the existing :,~ ., 

d e s i ~  i n c l u d e d  p r e s e r v e  ~easurements ~ on t h e  west W e l l  o f  t h e  %ran .... " 

s i t i o n  eha~ne l  end chute f o r  d i a c h a r ~ s  O f  8 f O 0 0 ,  1 2 , 0 0 0  and. 16 jO00i  /. 

second-feet with the ;cylinder ~tes both ~ope=ed and closed. The :. 

location of piezometric connections end stable i contalning measurements '~/ 

are shown on figure I0. As anticipated, therewas a pressure iincrease :,~ 

whereo water piled against thewall. No unusual pressuI~ conditions, >i 

such as negative pressures, could !be observed. It was' concluded that 

no additional pressure "easu~e,~ents ,would be necessary unt~l the ~- 

flnal design was obtained . . . .  ~ 

9. Temporary walls to protect, against antleIpeted floods in 1942. 
in,, L _ _  

A spillw6y capacity of 80000 second-feet was completely ~nadequs%e, 

20 



/ 
/ 

/ 
I i 

I / , / 

/ 
/ 

/ 
/ 

/ l  
/ 

/ 

/ 
// 

' ~ '  I 
,,'i s 

ix 

I 

0~,~'~ II ~,  .7~ 

/ 

West  wall . . .  " 

0"1 ~ '..L,.--~ ...... P iezomete r  1,' ,,. ,~ .......... ~.. .  . o'~ 

~ ' Igl " 

"- ,,;. ' • " , ' " I F  ~ , 1 , , . 1 ' , , .  

: ', :'W----.--._.. dr3d6 

. . . . .  " : ' , i l . ' :  ~ ~ ~ .  ~. ~. ,.~.V'... 

Ch~'nnel f l o o r  
,9,. 

FIGURE 1 0  " 

... , 5  . :,,ei ;+,,,e': ~o ' 0 "  b ' , , ¢ ' , ,  :. 

i ~ '1  I 
I - I  • ,,1. 1 

~ . i r . . - . >  i .. 

E L E  V A  T I O  N - W, E S  T ~ W A : L " L  ~ . ~ , ~ T  "~T.i'~ ~-~~'  ' i 

-- .-.~e." eo; 
+ t : I I E Z O M E , T R I C  P R E S S U R E S + . ! o N , W A L L  ] ; . i i  ' ; :  

eooo t ' ' . ' ; i2 ,ooo f +,! ! 1 6 1 0 0 0 . . .  " > 

OPEN -t- ~ OPEN- I GLOSEO I.CLOSED i ~OPEN CLOSED.~; 
- -  . • - - : ~  ' ~., .~, ~...,,..:: :,-.< 

';48 ~;-t ? 3{2 2 ' , 4 ;8 .  L £ ; ~  

,6:o,. i 78.o, , ] ~ = ~ "  ,io,o 
................. [ ' : ~~%' - - -  "~;:T~T8 :~-T!~ ,77~~ ~ ~ 6 - 7 a ~  

:'-. 3. d - -  "'"~ , J  '&'S . i]LF]_ : . % - : 6  " T~: ~T,7 r .:::": ............. 
. . . . . . . . . . . . . .  4 . - i~  . . . . . . . .  7 r I ' i ' IL :8  ' ' ":;- 8 1 0  . " ] ]  6 ; 0 .  "~ ' ; i ' 0 "~6  ~ 7 ' ' L ' 6 ' : 0  ' i  

............. : % %  .... TE:6--.,T- 
/ 1-:7~';~-"?~/ 9 . z  : ~Is.z. 

. . . . .  . . . . . .  ' ' r ' ' ' ' {OI . . . . . . . . . . . . . .  ....... TT" i 0 "6:': :'" l i  . . . . . . . . . . . . . . . .  i"" i14'{d/i__8]6 ~=, :'" i "] ' ' t  '-'~7~+.]6'6'o ............ . . . . . . . . . . . . . .  --~ ].'20;0''~':':'~'1 e:O -- ] 

• - , ; ' 

'12.0, ~ 

DISCHARGE IN G,F.S. 
POSITION OF' GATES 
PIEZOMETER NO. 

L I i 2 . 4  , . . . . . . . . . . . .  

.... 3. I;2 4.8 
4 IO.O 6.4 
.5 ; 0  
6 . . . . . . . .  e.6 ..... 

........................ I, 7 - - ! .  
. . . . . . . . . .  o . . . . . . .  Z:6 .... 

..... 8 . . . . . . . . . . . . .  8 -° 6.4 
2 .0  l 

,o o;0 1 8.0 I ,2,,,. 
. . . . . . . . . . . . . . . .  ~L ..... ] I " ' 8 i' a " :ll ~ I ~ ' T 2 : 0  ~ t :  I " ~ 7 ; '2  ::" " 

2;0 l I3 . . . . .  I ........ 7.2 " I ............-'- "~r.8]'8 . . . .  7# 

" ,5 . . . . . . . . .  e;;i .... " s.e *,o;; ..... 
. . . . . . . . . . . .  i E  . . . . . . . . .  6 . o  4 . 0  - 

o.o ..... ~,-2~i;-' 

t ,9 ........... t: .... 8.o  
. . . . . . . . . . . . . . . . . . . .  8 ~8 8 ~ 0 12"0  

~o ~ - . 0 '  ................. 

1 ~ : 7  " 

R I0, GRANDE PROJECT- NEW MEXICO --'TEXAS 
E L E P H A N T  B U T T E  D A M  " %~ ,'? !: " 

S P I L L W A Y  A L T E R A T I O N S  BY H Y D R A U L I C  M O D E L - l : 4 0  S . C A L E  .... ", .,~. 
P R E S S U R E S  O N  W E S T  W A L L  O F  E X I S T I N G ' D E S I G N  - 

• < , 



r 

.and from the~mods l  t e s t s  i t  was !hoped :!that is method could.~-be ,-de- 

v i s e d  whereby t h e  ~spll, lway ~ o u l d  ,~be ~ a l t e ~ d ~ , t o  i ~ : e o e ~ d s t e  . . . . . . . . . .  ~a ~maxl--, ; "  

mum flood of :35o000 seeond-feet. !However. ~at:~the~ ~ . . ~ _  ~ ~ 

wsr~ planned (November 1941 )there:~twa, 

o f  water,s+~ored in  t h e  E lephant f fBut te  

f l o o d s  oocur in  the. spr in~  Of, 942 :!It'!~:wa'S..i~8~l~ost!~oertsin '%het:.:ithe . . . . .  

method for  maktn~ :thelspt~lway~mal"e, 

were suKgested a s , e  :t~pora:r~ ~protec t tvs  ~ :works~s i .oe~ , thsy~o0~d .  ~/~: 

be I n s t a l l e d  on.  shoz~ .not l o s .  T h e  se ..well s ,:.were ~e ight  ~feet  ~htgh:, 

b u i l t  wit/~ .3- by 1C~-:lneh ~ l ~ : f a s t e n e d ' . t t o , ( 6 _  , ~  i )~ is loh:postSo : " ~  ' i :  ' "':~ 

The p o s t s ,  "16 ' f e e t  l o ~ .  ~ /qrt O'~be , f a s t ened  ':on :.the .outs idei l .of  ~ t h e  : 

walls of the transltion,:ehannel~and chute .:_~,~, 

The w a l l s  ~ r e  : l n s t s l l e  

;and s sel'Ios o1" rune were ~a( 

feet. It was found ~that ~he 

f o r  d t s o h a r s e s  up -t o 2 8  ~ 000 ,~1 

dlsoha~Ee ..oould be t n o r e a l  

~tomporaz7 ~ l l s ,  ,-but t h i s  ~ 

t ~ p o ~ e r y  p r o t e ~ i o n  o 

 he . 

i f  or 

I t  would :be : p o s s i b l e  .~to ~use ~ u Q h a  soheme !i~or:~persanent " 

s p i l l w a y  a l t e r a t i o n s  by ~ i n o r e a s l ~  ~ h e  h e i g h t  o f  ~the e ~ i e t l ~  

channel walls." ii; ~Howover. such ,a plan would not be pratt foal ,~eosuse 

the  a d d t t  i o n a l  ~ m ~ h t s  o f  ~ths erx~ended w a l l s  m . in c o n c r e t e ,  would be 
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,~w!th :ilodel t e s t s  o ,/Ail 'antlc:ip~ 

nearly .  ,;f ~ 1  ,~ h r o t ~ h o u t . i t  he ~:sei 

.194~. ::On..Apz'~l:,P~, t~"~iip~i 

!~eet, ~and a ~:muoh larger :iflol 
. r :. ,. 

<:dated :April ~24, t h e  ~Chtef  @z 

: ; ~ t n  "CO~StrUOt iO-:;~Of' ~the 

I n s p e c t i o n  ::of e h e ,  e p ~ l ~ e y  ~:, 

: ..... ~i ~, • 

:IcConl.ehy, 

of : i t ,  ,iC lor, ,..and 

• day ,the:~:water :isurfece~ -stood ,~et :elevation- 

. fee~ iabovl 

~a spillwe~ 

.talned. Inca ~smorandum <f 

which descrlbe8 ~,%h'is Inspec 

"So -:The ~aotton ...of 

~very ~closel~, , and . ! t e~porary  p~o~- 

: . t lmber:~waile . . ,which may be ::seen 
• : : ~  ~ .  

i.~), were~evidentlyat t h e : o o r i t o t  ~ locet ione .  ~hese 

- . . .  

- .J  

,were , p r e d i c t e d  : f ~  ~the .mode l ;  , i t  ~had.~been : expec ted  ~thet .-the - 

,protect iv .e  work w o u l d  not  "be neoeasary  . for  ; d i s c h a r g e s - s m e l l e r  

t h a n  about .  8 , 0 0 0 .  , eeoc=d- fee t .  , ~ :end : t h i s  . s e e ~ d  ~lo~ be~he.. ~case.  

A l t h o u s h  the  t i m b e r  was wet  ~by i p r a y  to  such  an e x t e n t  ,that 

/ .  
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. 1 

:there ,we 

at 

~he 

~Ity f o r  a 

f i g u r e  14 And 

at ,the larger 

d i f f e ~ W n c e  is app 

In ~the 

PrOtO.~yl~ 'as ~az. ~,.~ 

~ e n t  of air :,a~ 

will be ' h i ~ h . ~  ; 

shot~id .be :iodi~ie~ 

U~ortun~teiv,. ,:.~:~ 

factor .st ,be nell'. 

t h a t  .the oapaolty!~1~:~, 
, : ~ -  ~ 

i n d i e a ~ e d  :M~:~he m~e~i 
,~'?:: ~'?" 

~i~i : .: 

• voluae,:of we~er :esein~thm ::timber ' 

llseharge ,ff :7,000secOnd.feet ?'' 

n~h~' s repo: 

o The 

• onslderabie air is mixed with Shewater 

K~!~the;:weter,,s~aoe in; ~he model.is-ooa_ 

'~r.words,- -the a o d e ~  -~--~ete t h e  ;'i ~ 

~:.,., ,:.once ~n i ~  : suzTaÙ • - t  ens  i On .and .ant rarln,_ 

d ,  ~ h e r e S o r e ~ ,  i n  , t h e  ~ ~rOt  O z r ~ e  ~t he" WaV~ s " " : ~  

, ~d i sehar~es  and t h e  : 

~Imer ,to a¢ phenomenon.: ' : "  

... e su| 

p l a n s  . f o r  permanent  

o po~ec] .bY.~whlch t h e  

,: spilling .:O~e~;; :the 

r o o r r e e $ i o n e  t o  She m o d e l  ~0 r t h . ~  ~ ' ~, ~ 

t h e  .same ~lme i t  s h o u l d  .be r e a l i z e d  

,,~mnent nl~lllwav-altera_tlons_ BaLTles 

Lvolv:Ir~ ~mporer~ ............ 
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 h-,,nal  Is. These  cludad :baftleB, d n3st,B , t .r ,  tn Ine:.  1.,i  

and c h ~ n ~ e l  :ooverBo " . . 

p o o l s  w i t h  b a f f l e s  , i n  :the t r e m s i t i o n  :sect io~  * ,  , - ' ; ~ :  

arranged  so  w a t e r  w o u l d  d r o p  :~nto t h e  chu t e  : :~ :,i i'::,)'::i!i:iSil 

in  e u n i f o r m  ~ m m n e r .  In , e l lp  f o u r  d i : f f e r e n t  :ezTi" ~f }i' : , /  ,, : " ~  

b a f f l e s  w e r e  p l a c e d  a c r o s s  t h e  t r a n s i t i o n : , s e o t l o l  

( f i g u r e  15).o None ~of : theee a ~ a n ~ m e n t e . : r e d u o e d  
' F ~  ' ' ;  ~ % °  : 

~ a t e r  topping the ~channel ~ ~ ~ ' ' " r ~ " " " p o o l s  ~formed by:: the  : 

baffles were c o m p l e t e l y  ineffective at~ergeidischarges 

fore, no further consideration was glven:to "the: e,of 

! ~ .  T e s t s . : w i t h  d e ~ a t e s o  . . D e n t a t e s  on t i.} 

on the floor.of, the transition channel:we ~..:.:, 

effective method for.dissip~ti~ the e~e~ listurbin~ . 

the water.<over the ,transition chapel so ~t 

a mote uniform ~anner. T 

pieced on the spillway,.,~ap 

epert~ end on the floor o 

horizontal _~owe but  form~n~ a .radla~ . , 

s a s h - r o w  w e r e  . .  ~- i:' :i' 

r e e p a o t  .to :3antares ~In ,~the ad 

feet wide, 'four :feet , h, three feet four ~mO ~hiO~ :at e - 

base, and one f o o t  :thick a% t h e  : t o p .  

These dentates ~ere .,satllsfaoCory for;:~l~J~ll disoherEes :but 

appeared t o  be!rworse ~hmm none e t  a ~ l  a t  ~ d l a o h a r g e s  in t h a t  ~ : . , - :  

,they .tended :to-raise .the :~water ,surface., apillI~ more water .than .... "" 

~i ¸ ~.~ 

, i  

! 

" - . Z 9  
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A -B AND C ~o.i,u.u:i D 

A R R A N G E M E N T  No. ; I  

D E T A I L S  OFBAFFLE A R R ~ N G E M E N T S + ~ T E S T E D  
NOTE:. DimensionS,-in model, +prototyPe in ;,p~;enthes is 

i 

R I O  G R A N D E  P R O J E C T - N E W  M E X I C O - T E X A S  

E L E P H A N T  ! B U T T E  D A M  

S P I L L W A Y  A L T E R A T I O N S  B Y H Y D R A U L I C  M O D E L - - I : , ~ O  S C A L E  

T E S T S  W I T H  B A F F L E S  IN T R A N S I T I O N  S E G T I O N  



ever oTer the channel~wailSo ,As in~:~.the.:case o f  the/.bafflesp : 

changes in the spacing-and alignment :of the dentates did not 

improve materially the .flow eonditlons.:'.in~the spillway, 'and :it 

was concluded t hat ,the use of::~dentates alone would.~be ~.unsstis-:- 

factoryo " " : 

It was suggested that ,training ~wa. ~~- : ...... ~ 
o n J u n c t l o n  

w i t h  t h e  d e n t s t e S o  Two t r a i n i n g  i~w~ls 

placed as shown in figure i~. The.object of the walls ,was*to as- 

sist the dentates to divide and spread ~the flow~:in the transition 

section. This arrangement was gee .... 

s e c o n d - f e e t ,  bu t  a t  g r e ~ t e r  d i s c h a  ~est  

wall of the transition sectlon (figure 16~)o LS arr~ement 

worked better with the cyllnder:gates-closed as ware r 

t h e  c r e s t  a t t a i n e d  e m o r e * u n i f o r m , ~ d i s t r i b u t t o n  than~  

t h r o u g h  t h e  t u n n e l s .  : ~* : :.- 

~A t h i r d  c o m b i n a t i o n , w a s  t r i e d  by p l a c i n g  d e n t a t e s  on~%the ~:. 

spillway apron above .the ':beginning .of -~the ~ranelt i on section, 

station 0+00, end a series of low training ~Imlls in .the transition " 

s e c t i o n  below { f i g u r e  l?aL). T h i s  c o m b i n a t i o n  ~did n o t  work  a s  w e l l  

es the former arrangement., with high training., walls., .for water 

overtopped .the channel wells .at discharges greater .than 16,000 

eeoond-feo  :H ,er.  ont st with the fo er 

arrangement (figure 16) the oomblnatlon with low training walls 

(figure 17.} o p e r a t e d  b e t t e r  w i t h  t h e  c y l i n d e r  g a t e s  open .  

13.  T e s t s  w i t h  t r a l a i , ~  ~ l ! S o  I t  became a p p a r e n t  t h a t  

schemes f o r  : d i e a ~ p a t i D g  t h e  ~eneruy ~of f l o w  and s p r e a d i n g  t h e  w a t e r  
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o v e r  t h e  t r a n s i t i o n  s e c t i o n  wou ld  n o t  ," work  , on :l;he E l e p h a n t  Bu t t e ,  • 

s p i l l w a y :  and t h a t  t h e  w a t e r  would h m  t o  b e  ~ u i d e d  i n t o  t h e  

c h u t e  i n  some o t h e r  manne r .  T h e r e f o r e  t h e  d e n t a t e s  w e r e  r emoved  ............ "~ ..... 

and a nwaber of tests with training walls were. mad, = r" 

foot walls ~t the previous test ware used:excep 

16.6%.¢eet  h i g h ,  r e p l a o e d  a l ~ r t i o n . ~ o f  o n e . l o w  w a i l a b o V e  s t a t i o n  

i+20oV6 (tigure:le)o Alas three ware set~st each 

end  o f  t h e  s p i l l w a y  i m m e d i a t e l y  b e l o w  t h e '  c r e s t  t o  p r e v e n t  w a t e r  

. f rO8 o v e r t o p p i n g  the channel w a l l s : o £ ~ t h e  ion°  . ~  

~ h i s  c o m b i n a t i o n  o p e r a t e d  r s s ¢ t s f e c t o r i l y  f o r  d i s~harg~ ~ up t o  ~ 

25 ,000  s e c o n d - f e e t .  The p r l n o i p t ' Y  d i f f i c u l t y  was t h a t  t h e  low 

w a l l s  s~ each  end o f  t h e  s t a r t  r e d u c e d  t h e  d i s c h a r g e  o v e r , t h e  

e r e e t  o Aeoordingly D these e r e c t  :walls w e r e , r e p l e o e d  by o v e r -  

ha~i~ seetlona or baffl.s o n  ~ h o  channel walls iuedlately down-  

then i n c r e a s e d  to 30,000 secoad,.feet, ! and!:Istro~ :to 3S,O00: second- 

f e e t  when s i g h - S n o b  l i p s  ware placed. ,  on tbe!i : 'outer  ,.Age o f  t h e  ~ : : i ,  

o v e r h a n g i n g  b o f f l e s  t o  t u r n  t h e  w a t e r  downwards° '.. 

e~oe end t h e  low t r a i n i z ~  w a l l J  w o u l d , c a u s e  much sprayA: '  A o e o r d i n g l y , '  .... " ::!';i 

high tmlnl~ walls ~re next oonmidered (fl~re 19). The object .. 

was to replace several low walls with a sizzle high wall. In 

addition the overhanging baffles on the channel walls were removed. ':~ 

£ n t m b e r  o f  c o m b i n a t i o n s  o f  walls were t r i e d  f r o = w h i c h  a corn- 

b t n a t l o n  of  two  w a l l s  was s e l e c t e d  f o r  t u b b e r  t e s t s ,  1 ro l l s  E 
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and F.  The s e c t i o n  of  wall:~E.was:~ade~:convex ~to ~fomm a r 0 ~ l e r  

to turn "the ~water towards .the .,~east :'channel~wa!l ~ ~Four different 

Beotions :of this .tyl~e of'~,~ll were tried, 

holdln~ water :in %he channel ',for ::flows ~up 

However, when .,he~ overhaagiz~ ~'baffiee : on the :channel .~wa~Lls.:were 
" i 

replaced to prevent ,.water from ~splas~Ing ~over :,the %rans~'ion 

: /r ~•I"~ 

o h e n n e l ,  t he  d i s c h a r g e  capacity..~.wes : i n c r e a s e d  ',to ~0~000 second-  

feet, -. 

14 o Tests wA~h~ channel cover ~snd,, .overhanging ~beff~es .o~ ,  :~.:::.. 

channel wa.l.!s .'!the:final :d..ealgno ~:Training wells .were better 

t h e n  :.any p r e v i o u s ,  scheme t r i e d ,  n e v e r t h e l e s s  ':they w o u l d . n o t  :be : 

s a t i s f a c t o z y  because a l ~ r g e  amount ~of ~-a~ray would~be : i t ~ I m .  - 

, in to  t h e  ~ i r ,  . a n d : t h e  p ~ e a s u r e  ~of : -Js ter :~e~alnst  :ithe 

oau~-e a c a n t i l e v e r  a c t i o n  :rrequlrio~ ,.a'.~heavy .~ founda t : ton . .To  

avo id  t h e s e  : u n d e s i r a b l e  f e a t u r e s  e : o h a n n e l  : sever  : o ~ r  . a , p o r t i o n  

o f  . the t r a n s i t i o n  s e c t i o n  was ~.st~gested,  ifor.::-the-oover.:~would " 

: ~ e t a i n  much s p r a y ,  .-and +~he ~ o e n t i l e v e r  , a c t i on  .q 

would be e l i p i n s t e d .  T h e  a r r a n g e m e n t  shown ~, on : : f igure :20A-~was 

f i r s t  ~ , t r i ed . . :The  eas~ portionof.::.the-~transltion::aection~wes 

oovered,:~.b e tween  ~ s t a t i o n  0+O0 :and -the chu te  e n t r a n c e ,  a~a  ~,76o 

The o v e r h e n ~ i a g  b a f f l e s  r: On t ~  ,.:channel :wal l s  w e r e  a l s o  . included-  : • 

e lnoe  ~ h e y - ~ r e  , f o ~  ':i%0":be . n e c e s s a r y - " i n , p r ~ i o u s  : . tes t  s o " " : ..... 

Water  :~lowing ~down %he t r e n s  i f ' l e a  ~seot ion i aod : i n to  " the . c  hute 

d i d  so in  :-a u n t f o m ~ l a n n e r ,  t h e - u n d e s i r Q b l e  s t a n d i n g  waves b e i n g  

.eliminated° The-design was edequste:.for :the :mex~Jnua discharge 

o f  .35,000 ~ e c o n d - f e e t ~  and was t h e r e f o r e  .oons lde red  e s  a n  a p p r o a c h  

t o  %he . . f inal  d e s t ~  ( f i g u r e  80B),. :.P.w~seure imasu remsn t s  wore made : 
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,.. ;. 

d~ 
J 

were made on bot l i  sides of the t r a i n i ~ g : w a l l ,  o n  the  u n d e r s i d e  of  

• the channel cover, and the undere$~e::~ the '-overhen~i~ baffles 

t o  de termine  l o a d i n g  c o n d i t i o n s  f o r  t h e  s t r u c t u r a l  d e s i g n  , , 

( f igure  '~11,, 1:1,::2. :.: ,. . . . . . . .  .. 

deet  ,,, the emir - -o f  of::t'he:.:: 

covered  s e c t t o m  downstream t o  reduce  ~ver 

at  i t ~  e n t r a n c e .  Con~It t 'oas .were  no~, 

moving the entrance cover :20~.~eet:downetreem frnm the beginning 

of the  t r a n s i t i o n  s e c t i o n  at  station 0+00.. . (tigures::i and.22,a),.;... 
At mezllm.m dieohar&,s ,.of 55,000, uoond-feot, a l l  condltions ~ ~ r "'" :' 

aatiefaetory except tha~ waves:,would splash over the entra.-.ce: of.: 

the ,ch~unel .cover (figure 22~). Such .-8plash wee-not  
/ 

however, beoeune the;channel cover would be of centre 

8 r r a ~ e d  t h a t  t h e  water  e p l a e h ~  o v e r t h e  top,would~: .raenter  

t h e  s h u t s  below. M o r e o ~ r  a w a l l  or  bq ">~ : 

recluse the  e ~ o u n t ~ o f  s p l a s h  . . . . .  on t h e  ?OoTer. :i : ,~i' i , .  

the  p r o b l e m  f o r  t h e e r r a ~ e a e n t  and 8ppeax~nce  made 'it :obv ious  '- ..... ~: 

t~ tt ~a.a~ exped~'e~ to for~e.::.the ~piZl~ to ~ '6~et i~  

F ~  a d d i t i o n a l  t e s t s  were medei'-three"usj~n~ t r a l n i n g  w a l l s  end 

t h e  f o u r t h  a c h a n n e l  c o v e r .  

: v 

The ~ e s t s - w i t h  t r a l n l ~  wa118 wel"e p r a c t i c a l l y  a r e p e t i t i o n  

o f  p ~ v t o u s  t e a t s °  A s i z z l e  t r a i n l ~  w a l l - d o w n  t h e  t r a n s i t i o n  

was Kood f o r  die .ber l in5 to  209000 see.r id- feet  (fJ4~um 2~)o The 

. • "<i !~ 

n e x t " a r r ~ m e n t  ~ c o , ~ i s t e d  o f  t h r e e  w a l l  or  t i n s  p a r t i a l l y  
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FIGURE 2~ 

A. ARRANGe. OF C ~  COVER AND OV~IND BAFFLES IN FINAL DESI~|. 

B, DISCHAR?.,E ~.5,000 c.C.a.,CU'L~.'T GATES OPKN. NC~E WAVE 'POPPING C}{ANNEL C09"EI~ 

1:40 MODEL OF ELEI~IA.NT F.UTTE DAM SPILLWAY 
CHAN'~IEL COVER AND 0 V E R H ~ ' G I N G  B A F F L E S  0 ~  CT'D~."~'.;:[L~ ..... ~ ~ 

THE FINAL D~SIGN 
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I: 40 MODEL OF ~ ~[}'rTE DAM SPILLWAY 
CONTROL OF SPILLWAY BY ~GLE TRAINING WALL 



t o , a c t  a s  :a : e c ~ b i n a t l o n b a f t l e  emd~ • -~ 

eraining wall (fl~re-~;241 . ~ r~ ~Th e ithree ~in~ 

d i s c h a r g e s  up t o  16.~ 

~o h o l d  bask  wate~ 

w~en ~t w,s rmoved 

20,000 second-best. 

r , 

~ appeared 

i~ure e 4 ) o  • .:,: 

about  

A final test was madeby place, s ~ cover .... owe: 

t r a n s i t i o n  ~ s e e t i o n .  However,.! s u c h a  e e h e a e ~ w a s  "n~t ' p r a c t i c a l  

beeauH wa~0r plied agalnst~the west wall 

standing waves in the sa~e manner/astir no channel cover exlsted~ 

~i6, ~evls~onj t0 cyllnder gate outlets. Upon e~capleti0n of ~ ~ 

= the spillwe  -ottenti   'ns glv.;, to  evi. i  

t h e  c y l i n d e r - g a t e  o u t l e t s ' .  T r e n c h e s  were  c u t  i n t o  t h e  n a t u r a l  ...... r: 

,ui~ reU he re.tl;se icn i~l. . . . . .  ~" ~ .... ' " shelf, or ~ench, t from t c at llnewith the ...... 

ten-foot dia~eteIJ~t~els under 

T h e  c y l i n d e r  g a t e s  were  r e p l a c e  

b ~ e k e  i n  t h e  

o r e s |  

r i s e  abov~ t h e  r o c k :  ~•-: 

t h u s  u t i l i z i ~  

The purpose  o f  t h i s ~ a i t e r  

th, treacle U~ ~h~ 
+~ 

water surface in the~rese 

in  t h e  , x i a t ~  ~struoture~ :he ~ waze 

at elevation 4~96.0. ~ By such ~a~tlron ~a gX~atsr eml~eaoy 

s t o r e ~  c o u l d  be u ~ l l ~ z e d  f o r  f l o c 4  e o n t  lrOlo 

Model  t e s t s  i n d i c a t e d  t h a ~  t h e  t u n n e l s  would  o p e r a t e  s e t i s -  

t a c t o r L l y ,  e x c e p t  t h a t  a v o r t e x  w o u l d  term a t  ~the e n t r a n c e  o f  e a c h  
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A. T ~  p~ F~S T~. ACT A~ C-,OIm~lTIO~ ~ mD TWA~ WA/.L. 

~. DI~,~J~G~ 16.O00 C.f.e., CYI~]~DF~ '~ATKS CP~4. 

1:40 MOD~L OF ELEPHANT ~JTTE DAM SPILL?,Ay 
CONTROL OF SPILLWAY ~q/)~: WITH "HREE HICH FI~4S 



FIGURE 2 5  

A. ~ @~IINJ ~, ~ ~ ~ ~ ~ ~ .  

B. 

O ~  OTH~ ~ 'J~ I~[.D~,t~'E ~L~ nIAUJ~ '  OF 

i: 40 MODEL OF ELEPHANT SUTrE DAM SPILLWAY 
REVISIONS TO ~ GATE OUTLETS 



o u t l e t  ( l i K u t a  .25,~). I t  ~was s h o w n : t h a t  ~the ~'quanttty,~of ~weter 

~flowin~ i n t o  ~he ~ out le is-~wou~d ~,bs ~educed w h e n / a n  a i r  f i l a m e n t  

as shown in  f i g u r e  25~was~., p e r m i t t e d  ' to  ~fOrmo :However~ : i t  ~was 

found  t h a t  a f ~ o a t  wou~d ~reduca ~ h i s  ~vWl'tox ' o a f i S h  t o  : the  ~ex ten t  

t h a t  t h e  s ~ r  . f i l a m e n t  ,would~be~eI~n~ and such  ~a d e v i c e  wee 

a d o p t e d  in  t h e  f i n a l  des i~n . .~ (~gu re ,2 )~  " 

1~ o D i s c h a r g e  ~of ~S~il lwa~ ~int' o " , r iver .  ~c! 
J 

t e s t s  were  ' o o n o o r n o d  : w i t h  r ~ f l ~  

ghe c h u t e ,  ,end -~he ,'model ~;:a8 ,~ul,Lt 

t h e  m~uth o f  t h e  c h u t e ,  ~ s t s t i o n  ~7~,i5.0 ~(fJO~uro ~-7)o, T h e  ~iriver 

bed s t  ' t h i s  : p o i n t  f o r m e d  t h e  . t a l l r a o e : , t o  , t h e  power p l e m t ~  ~emd 

so~o eonoer1~ wa~ e x p r e s s e d  a s  t o  t h e  p o s ' s ~ b i l i t ¥ ~ o f : d a ~ a K o / , b ~  ~i~i 

f~Ow from ~he c h u t e  w a s h l ~  ~OUt . the ~.oppos~te !~bankeo.""Therefore,  

t h e  model  was en~arKed.~to i n c l u d e  ~i~'opo~ephy :d own st r~ e~ f~rom 

t h e  c h u t e .  ~tho r i v e r b e d  and t h e  s d J a c e n t ~ b e n k s  e t  :the f o o t  o f  

t h e  dam ( J 4 p z ~ S 6 £ ) ~  

"Tas t e  i n d l e ,  i tba t  ~e h ~ d r a u l i o  
' L '  

oJ tmp-~would ~oocur i n  i t  he 

m o u t h  ~of ~the s h u t s  ~ fo r :d i sohar se~  s t  

~under morm8~ ~ f i e l d  o o n d i t i o n s ;  t !  use r  

o h u t e ~ s n d  t h e  w a t e r  • • 

he o p p o s i t e  b a n k .  ,,This i cond i t , i on  ,was ~al8o o b s e r v e d  . in  ~,the ,pz~- 

to~Y3~ a t  d£soha.~Kos a s  l a r K S  :era 7 . 0 0 0  s e o o n d - f e e t  end d e s c r i b e d  

i n  D. C. M c O o n ~ r ' s  report ~of ~une 16, :1942, 

At a d i s o h a r 6 e K r e a t e r  t h a n  16 ,000  s e o o n d - f e e t  t h e  mode~ i n -  

d i o a ~ o d  t h a t  ~the oppos i tes  bank would  v i r t u a l l y  wash  away 



FZG~RE ~6 

A. .~CE[]D IX~SlS'JR]~ ~ ~ .TOIJB ~&IIJULCZ. 

B. 

1:40 MODEL OF ELEPHANT ~ DAM SPILLWAY 
DISCRARGE OF SPILLRAY INTO RIV~ 



( f i g u r e  2 ~ ) o  Thi s  c o n d i t i o n  n g ~ e n t o d  t h e , ~ o e d  ,of ,a lntt ,  ~ - 

but, as Mr. M c C o n a t ~ r  ' s t a t e d  i n  h i s  . ; . ' a p o r t ,  s u c h  ~ o c l e  a r e  

t o  b u i l d  a n d / ~ n  view of  t h e  , in frequent  ~ ,at : w h i c h  l a r g e  d i s -  

charges willi~!oecur ;Lt is .more  expedient to/~repair ~the resulting 

d l  

o t h e r  s t  r u c t u ~ e s  '~o avo id  t h i s  ~swee~-out o f  :,the t a i l r e c e .  

1 8 ,  Rati~ surges f o r  t 

r e l a t i o n s h i p  o f  d i s c h a r g e  t o  ~water. : surface  fiercer'ion :is  shown., ion " 

f i g u r e  27 f o r  both the  e x i s t i n g  :andL::final des igns ' .  ':These curves  * 

i n c l u d e  discharKe through theL,four o u t l e t s  U~der t h e  c r e s t  w i th  *:~ 

t h e i r  g a t e s  wide o p e n s t w a ~ e r  s u r f a c e  . e l e v a t i o n s  l e s s  than  4407,  

thg~:'combined disoharKe over the  c ~ s t  and through the f o u r  o u t l e t s  

above e l e v a t i o n  ,4407, and the  d i s c h a x ~ e  o v e r  ~he .*crest  onlyo 

one might anticipate,, the discharge through .~he ou~let,~r~ s 

slightiy .la~er in the final deslgnbecause .of the,!::~vlsion toi~he 

l o r e  e f f i c i e n t  entrance  :descr ibed i n  s e c t i o n  1 6 o  ',; The ~;~iow.oVer 

the crest, h~over, wee uncha~ed. ~ ~  " 

The dla~harGe~o~er t h e  e r e c t  .o~te ined from t !  ,8 

may be sllghtly l~or~ t,han actual proto type  eel* ~ecially 
i 

at low ~haads on ~,~he crest. Thiowae evident when Lthe dlscherge " 

ooefficfent for the crest was computed (from Q = E L H3/2p where 

= dischazse, K = the coeff,icle~tp L = net length of crest, and 

H = head o~ c ~eBt)  and found 1;o rbi~ tO0" l a ~  ,based upon e x p e r i e n c e  

with other ~creetm, From the n~ture . o f  the date it was believed 

tha t  t h e  geq~,e f o r  m a s u r i n g  head was zeroed about: OoOl f o o t  too  

h i g h  (model)  which would account  f o r  t h i s  h i g h e r  . c o e f f i c i e n t .  He 
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data  on : these c o e f f i c i e n t s  are p resen ted  "in t h i s  +report because  

they  would not be +of any va lue ,  and f u r t h e r ,  ithe model :had :to ~be 

dismant led  before  any cheeks .on~tho : c o e f f i c i e n t s  cou ld  b e  o b t a i n e d °  

In  the ~amdel +of t ~ e  o r i g i n a l  des ign ithe ~ asoha~e+,throt~h?~ 

the~eylAndor ,~getee. mey m~bave ~.r boen~~aeaaured,:l ~ " '  
+ 

manL+ne++ re As t he  :rosel~roir~water uur~see rose a i r i  poo~ets +rfO~Od 

J below the elbows o f  t h e  o u t l e t s  so the  o u t l e t s  ~did not f i l l .  HOW- 

over,  the re  was s a m  +,question a s  ~to whether ,the o u t l e t s  'WO~,ld ,i~lbl'l~:~+ I ..... 

in  the  p ro to type ,  f o r  ~the a i r  pookets  oould +~be++elllLlnated . b y +  

momenter:lAy : sea l ing  t h e  OUtl~ ~ewtts.  ~T~hia "wee :done In t h e  nodel~+ 

While e e a l l a g  the  ai+r peeker • may have  +,not been 8 t ~ oondit  ion 

end would g ive  a ° larger  d i scharge  ~through +the o u t l e t s  !in t h e  

model the= in  the  p ro t  otype ,~.t "~as not ~oonsidered , ~nport ant +'be- ~ ~ 

cause the oF~ t~de rKa tos  iwe~e ~to +~b'a ~.eilainated an~/i:¢h~ ~entlxAe 

o u t l e t  dee 
~ockets would fo rm.  

19. ,Abs t r ae t  of oo r~es : !ndenoe .  / 

Deoe~ber .9, 19590 

i e n u a ~  3,  1940. 

July I0 m 19410 

| 

i L e t t e r  ,,from R. 
Chief+ ~Rngineer, 
B u t t e  ~Dam ~as t~ 
d t w ~  ,week ~ ~u~er +~Uo ~V39o 

T o ~ z u  +froa L. R. Flask  1;o C h i e f  3n~ inee r  
s tatAz~ tha~ , r e se rvo i r  has reaohed a~axlmm 
elovettAon~ ~ d  , w i l l  ~eut  sP i l lway ,  under  l i m i t e d  
diaoharKe o 



~uly  15, 1941. 

Sept. 4, 1941. 

Also,  eltppt~g8:1.r~;~looal n~wspsp~rs. 

Letti~" . . . . . .  
eno I© 
Bate 
S, ?, 
8p111 

B 

18 

Sept. 19, 1941. 

~ept.  ig~ 1941o 

Sept. 26, 1941. 

Nov° ~-O, '1941. 

April 18~ 194~8 

~ p r i l  23, 1942. 

April 28," 19~0 

L e t ¢ ~ r  .I 
s t a t i n ~  
,8tdered.- 
zequestt~ :for . . 
Qonstruat ,the 
s p i l l w ~ r .  - • n L * 

Le t t e r :  ~from :Chief :cE~ineer -to Super intendent.  
a tat i~ tha t  ,.model ::oonstruotion~:,hae besun, 
t e s t l n g  p o s s i b l e  :,in', three or 1.our ,make and 
a s k i ~  o1' paragraph 7 "o1. 

x , , t t . r  .to oh l .1 .  : 

:meaning o t  ~ i p e ~ s p b  :o1. l e t t e r s  ;>of ~Setpe~ber ~, 
,:and atati~ '.that ,~opo~repl~y of:StlZ:i~ .pool 18 " 
:bei~ obta ined .  ~,: 

. Letter from :.~perlnten~ 
.C:osi~ arawl~8 8howiz 

aondi~ Ions o1. ~baekf~U? 
d ~ ,  

.Lette: 
:~DqUSJ 
,s:pitl~ 

Le t t e r  f ~ a  Superinte~ndeut ¢o Chief  E n g i n e e r  
e~tating~bmt ~pillway dlacharKtng 2,500 socond- 
fee t  with probabi l l~y  of  gx~ater  £1oodsp and 
t h a t  d r t l l i ~  n o t  advisable .  Also reeelvod 



e 

A p r i l  ~ ,  1942J- 
(eont  i " u e d  ) 

April ~4, 1942. 

APt'J1 25, 194~. 

April 28, 1'942. 

~a~" 2S, 19420 

3une 16, 1942. 

Yune 23, 194~, 

~ k t t e r  .of A~11:21, with  SJ 
and " " 
8 s t  
be 

• elegl~m~,f, rom:Chle  £ . . 3~ inee r .  i,to iF toek ,  e t a t t ~  . 
that  'oonetruotlon,:of~.~ t la lber ~ I k h o i d s  :on '.the 
8 p l l l w ~  wa~'~" 8 :be ~ :'st ar~ e d Imaedl~ .... 

:Letter .from ~hlef: En~in~~. +.~: ~'o.._ 

r~ 

:Let  t 
utat 
the 

n t  
ed  :wi th  

V i e w s  ~m]L-e  : w s n t a d 0  " - - -  " : ' "  " ~ A A n ~ n ~ e n ~ ' 8  • 

'Zaspaotion ~o ,tz~oturQ,, nephaat _~; But re' SPl~:iw~ mzd -~th"~r 
~ - p o r ~  o r  . . . . .  ' • observe  f low o - : ~  - ~ -  ' - .an i n s p e c t i o n  : t r ip  ~ o .  

seoond- f (  
lnd i o a t e (  .- 
would :not F 
e,000 :sac ham 
the .top c . t o  
f o e t  d t so  
R l e ~ h ~ . ÷  . . . . . . . . . . . .  

" i  

m 

. i 

r e p l y  t o  4. 

, 01~Ste ~ate 
' v ~ u r e r y : : , m p a l r e .  to  a s s i s t  t h e  d e e l ~ n  
depa r tmen t  i n  ~ :~o~ee t ton  wi th  the.  sp l l . lway r e -  
v i s i o n s .  Aleo ,  m a P e r l n t e n d e n t ,  s v iew on ~he 
1943 f l o o d  o(,ason l e  t h a t  i t  l s  u ~ l k e l y  . that  
abnom~el f l o o d s  w i l l  o c ~ r ,  and t h a t  s p i l l w a y  
r e Y i e l o n e  shot~ld be de l ayed  u n t i l  b e t t e r  t i m e s .  



. k  

J~ty 23, 19420 ~hiet  Eng ineer  t o .  8uperintandent ,  • 
in reply ,to ,letterl of 
:~ n t is feotory  to postpone a,li';o~ 
s p i l l w a y .  Also that~a dlemond d3~i 
8va i lab lo  to e x p l o r e  tho rook un& 

• r 

8 8 J  
, \  • : 

s ~  


