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.A solution was sought ~ 
d o t m s t i ! e a m : ~ o r t i o n - o f  ithe 

b~ck.t  ~o ~ .  ~l~.~.~-roo~ r~, 'Tthe. ~ i ~  'i~.r," a ~ t  
line made an .amgle of ,70, degr6es ~"- '" 

design was fairly sati~sfacto~, as 

jet " '~ .... - ~ - • was n o t  excessively turbu'~emt, 

clmnnel downstream was excell!ent ( 

festures, it was decided to ~bandon the buck igm for the 

controlled spillway as; (.i) J~he .bucket WO~Ll~ 
~o construct; 

(2) the stream of water to ~o eliminate 

the horizontal velocity ihe',waterlat an :excessively 

would be undesirable ~. : ,, :,. ~.,, .r , " " " 

The next design elimim~tedthe bmcket altogether and substituted a 

short apron ~with a downward slope of.:& to 1 (figures. 6F,. design 6, and. 

erimentation . . varioiis ~all demoas ra~'e"d ~h~ e. en 

s p i t l , a y  a p r o n ,  a n d  t h e  ri'ght train~ : w a l l  beexte~ed ~';ieet am a ! angle . 

! 

,.,~ • 

// 

l i p  ~:as a d d e d  a t  t h e  .end.,l~ .'~i f.. t h e  a p r o n "  . . . . . . .  t o .  c r e a C e  a " - ' -  . . . . .  

current which it .-as anticipate d would , " " " " • 
sposit material: downstream~< from : ~ ~ -i i. ¢-¢ 

t~e apron : ( z ~ r , ~  ~,: d~,si~n 7, ~d l~). ~.s it 

effect.ively, and as the. jump. :%eroded to . sweep, off the apron.i~::: t~ 

_ abandonedin favor of th'~ plalnsioping.apron. ,~ 

Tests on this aproni'idesigm showed that the jump could be :i~proved:i~ 

io~er~g ~he ~p~ ~,~ ~ e~e~d~:.th~ rlg~t. ~r~ ~ ~ ~e :J'! 
: 17 

nearly parallel to the upstream ~rtion Of the!/mLL~, when themedel was 

tested, after making these revisions, the flow condltions appeared. to .be . 

satisfactory,. . although" some .eddy.. . currents were, stiil ~ p~esemt ~. ' These ,were - : 

placed on both banks of %he river downstream from the rlght ~ laf~ ° 

training walls (flgure 15). 
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8. The, i to 24 scale m o d a l t e s t y ,  i n s  

model did no t  p e r m i t  observat ion" i !Of : t h e  

i s s u i n g  from the c o n t r o l l e d  s p i l l w a y ,  it 

i to 2 4 sectional mod~l in a,,flume-wi 

The sloping_~pron~esi~ ~c'ed 

r~ 

ich i.,: to 60 :: scale 

• "2  , . .  

_. . scouring, 

jump was completed, but: this ~uld.be ....... :~ ': " " "- very e x p e n s i v e / t o ,  construct-~,  ~. ~ A:.,  
more economical solution was lfo~ ~ " ' " 

 pron rest .... • 

and. adding a sill, Thre: ~ ere trled.~ ~ .... -* onewith 
the top surface sloping 

and another with it if!sloping upward el 

downward-sloping and horizontal sLIIE 

the flow conditions, but the I0 to'l 

reduced the. scour and caused the. jum~ -~ 

. Two sizes of the Rehbock sill were, als¢ 

feet high, with teeth four feet wld6 'spaced 

good g r o u n d . r o l l e r  and minimized the.scoUr; the second,, two feet!~/~hlgh,,~i:~, i~:~;i 
with teeth ~hree . fee t  w i d e  spa( ~ ~'~ 

: .~: ~.~. i to .  i " '*!F~J 
adequately dissipate .the ener~ re was ~ : :...~ 

considerable scour ,at t he : , h igh~  ~ ' 

first Rehhock sill effectively: ,~. i~ 

as much protection, -- " '. - 

ways during the dr} . . . .  

£•f,a - - - ~ - - : " i . - "  " ' ~  , ~ ' ~ v  = , . ~ , A u u  muem ~ne r J . v e r  .. . . . .  

bed w a s  ~ b l i z e d  a s  would be  ~he c a s e  o n . t h e  ~ o t b q ~  i :Which'., h a s  a s o l i d l y - .  /~"/:i ,  ii~! ~' 

g r a n i Z e i r i v e r :  c h a n n e l  ( f i ~ e  I~C) ;  The J u m p ! ~ m S . R o r e : ~ t i s f a C ~ i t ~ / " / "  !iji i 

i t  h a d  ~ e n  w i t h  t h e  s a n d , b o t t o m .  • .This. would., ind ica te , , ,  t h a t  t h e / s c o u r  t e s t s ~ : ~  :i .,~ 

% : 



were probably conservative since the granite river bed would serve as an 

extension to the concrete apron, producing better jump co~tions th~ " 

the sand bed used in the previous~tests, A test was made withlconcrete 

backfilled into the footing excavation at the toe of the apron (figure 14C). 

Bubbles of air collected at this point indicating that negative pressures 

were present. When the V-shaped excavation was not backfilled, a small 

roller formed in the notch which Seemed to eliminate the negative 

• pressures (figure ILD). A comparison of the two showed thatthe ener~ 

of the Jet was dissipated~ more effectively when the excavation was not 

beckfilled, i:;i ~- i ° 

/ r . :'i .... 

rock excavation at the end of the apron was changed, however, from a ~ ~ ! 

slope of 3 to I to a'slope' 0f 6 tol!to .more evenly distribute the fl0w 

in the river (~igure 15),, " ....... • o 

The controlled spillway _was changed considerably, from the original 

design. The crest end the 0.6 m 25- 

foot radius curve began two fee ~tinued 

to elevation 1470.08. Beginning at that point, ,~ the •apron extended downward 

on a 4~to i slope to elevation.l~6i.;Ol, then upward on/alO to i elope to 

the ,end of :the apron,at elevation 1461,31. The rock exC~avation if or ~he 

f o o t i n g s  . a t  ~he  t o e  o f  ~he  dam was  not : i ~ c k f i ' ! l ~  e a s t h e  

The center training wail was extended 30 feet beyond the emdof the 

uncontrolled-spillway apron and the right training well was extended 50 

fee;L  a t . a n . ~ g l e o f ~ t =  d e g r e e s t o  %~he r i g h t  from a point ~OOi~feet From 

the  :axXs.~of t, he dam, then extended 33 feet at an angie of 22 degrees to 

the rlghtLfrom the end of the 50-foot extenslon (figure 12). Rock jetties 

were ~placed on both banks for a distance of ~ 200 feet downstream from the 

training . ~ t o .  ~eliminate :return •-eddies. . , " 

-"" ANALXSI$ OF F~ULT$ " 

_~I0.. Conclusions. Hydraulic modol ~studies • of. the Altu s Dam spillways 

showed ~thet it~is extremely difficult to design a bucket which will traject 

~J 

i 



L 

ill 

the n o .   toa do str    hou ,cr t  

~ l O c i t y  of•..the j e t ,  i t ,  

o f  7 0 . d e g r e e s  from the h 

half the height ,of the d 

pro • 

would also be quite objections 

!~i- evolve a ,satisfactory b~cket d 

, 

% 

L 

to excavate a. large amount of 

roller bucket, .but this Was .not ~ coasiaered as the~,C0sc'~,,oUld have been .... 

prohibitive. 

• The sloping-apron type Of design has" proven its worth: onimamy~ .~ ii 

structures and the~deslgn select~ she . . . . .  

depression in the river ;channel . orms ~ :i::} 

effectively. ~dissipate the. One: . v - " ~~ '~" ~ -~ ' e Bnl~ across~tne~ -,, • ~i ~,~ 

river. If the structure ~.should ~become undermined in ~.~he future, tnis 

withteeth four t'eet wide S~ced four •£eet~ apart (fi • ~i 

l l .  Reco.~mendations. the basis of the hydr ,udies : ~ 

of ~he Altus Dam suiil~vs_ ~ ~. ~ ,~ ~mm~n~ ~- 

" / 

apron ;be .at a 6 t, 

.(.2) That the O~i~nal desi 
'sloping protion of !~the .controll 

elevation 1~61.31 at the end of the apr0n. • - . • 

(.4) That all of the controlled: spill~ay gates. ~:ii0pened.', ...... 

uniformly.and ~ot indi~dualiy (figure 8).-. . :: 

(.5).:That the center ~re~ing~wall be extended 30:feet ~eyond ~,:,' 

the end of the uncont.rolled spillway apron. 
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(6) That the 
angle of lO degre 
axis ~ ef the dam, 
to the right .from 

(7): That roc 
to ertent/at leas 
left training wai 

(8) That no : 
at the end of the 

i: 

. , J  

f i  ,-  

to the rock excavation 

,:i/~ . i ̧~: • , ~1~i ~:~i 
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A RESERVOIR ELEVATION 1564.00, DISCHARGES - UNCOI~ROLLED SPILLWAY 6,000, 
CONTROLLED SPILI~/AY 54.000 SECOND-FEET. 

DAM 

8 ~ D ~ E ~ D  OUT FROM RIGR.r BANK, ApT~ 3/4 HOUR, 60,000 

~W CONDITIONS AND SCOURS - ORIGT~T r~T,~ ~...,A. 
- ITO 60 



FIGURE 8 

A HY~ULIC /~ SWEEPS OFF UNCO~;'TROLL~ SPILLWay APRON WHEN GATES 4 TO 9 
ARE OPEN ON CONTROLLED SPILLWAY. 

I 

~I~J~AULIC JUMP I~NS ON UNCOMTROLI~ SPILLWAY APRON WHEN ALL GATES 
OF CONTROX~ SPILLWAy ARE OPENED EQUALLY. 

ALTUS DAM GATE OPERATION INFLUENCES PIY~D-LIC ~L~ ON UNCONTROLLED SPILLWAY 
ORIGINAL E~SIGN - 1 TO 60 SCALE ........... 



FIGURE 9 

A CONTROLLED SPILLWAY BUCKET EXTENE~D UP AT 25-F00T RADIUS TO POINT WHEEE 
TANGENT LINE IS 45 DEGREES FROM THE I~DR!ZONTAL. 

B C0~OU~D ~':AY m, cK~ Zn~N~D UP AT ~o-F00T RADIUS TO P01~ ~ 
T~C~ U~ is 60 ~ s  roOM THE ~0P~Z0~ 

ALTUS DAM FLOW CONDITIONS - CONTROLLED SPILLWAY r2ESIGNS 2 AND 3 - I TO 60 SCALE 

m~mmvo;a mmrA.~oN ~4_oo._~som~s - u~commou.~D SP!L~ar ~.000. 



' I I ' I Q U R E  IO 

e, 

A C(}ITROLT..ED SPILT.R'AY ~ EXT~TIED UP AT 17 I/2-I~00T RADIUS TO POINT 
WEn~E ~ LINE IS 80 I~EGREES FROM TH~ HORIZONTAL. 

J'b 

B CON~ROI~ED S P ~  BUC~ET EXTE}~D UP AT 18 S/4-FOOT RADIUS TO POINT 
TANQENT LYrE IS ~0 IECREES FROM THE H~IZONTAL. 

ALTUS DAM FLOW CONDITIONS - COI~TROLLED SPILLWAY IZSI(~NS 4 AND 5 - 1 TO 60 SCALE 

1564.¢ 



FIGURE 11 

ql A COITIVROLLED SP!LL~Ay BUCKET REPLACED WITH 4:1 SL0~ING APRON TO ELEVATIC~T 1465.26. 

o 

e 

B ~0RIZONTAL LIP 5 FEET 9 INCHES LONG PLACED AT ERD OF 4:1 S~OPING APRON. 

ALTUS DAM FLOW CONDITIONS - CONTROL~D SPILLWAY IESIGNS 6 AND 7 - i TO 60 SCA!~ 



FIGURE 12 

A M01XL ~ RIN. 

B I~CB*~.RGE ,~0,000 SEO0~I)-I~'T 

J 

o 

D nISCHAR~ 60,000 SECOND-FEE%, 

~-.LTU8 DAM SECTIONAL M O ~  - S C O ~  CONDITIOn3 = OOl~l~OIJ, F2) SPILLWAY ~ I ~  8 
• . I TO 2 4  SCALE 





FIGURE 14 

9 

A REHBOCK SILL 5 FEET HIGH, 4 FEET THICK, TEETH SPACED 4 FEET APART. 

J 

B MODIFIED REHBOCK SILL 2 FEET HIGH, 3 FEET THICK, TEETH SPACED 3 FEET APART. 

C REC(~a~2S~I'D APRON ~..SIG~ WITH CONCREI'E BACKFILLED AT END OF APRON. 

D R~C(IQ~TIED I)ESIGN - NO BACKFILL AT END OF APRON. 

ALTUS DAM SECTIONAL MO~EL - SCOUR AND FLOW CONDITIONS - I~ESIGN 9 
1 TO 24 SCALE 



FIGURE 15 

q 

,0 

P 

P 

B FLOW CONDITIONS . RES~0IR ~.E~ATI(~ 1564.00, DIS~GZS - UNCONTROLLED 
S~I~ 6°000° C0NTR01J~ED SPI~y 54.000 SE0~r~-FEET. 

i ALTUS DAM R E ~  DESIGN - 1 TO 60 
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