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Jet was not exc9551velyn‘ﬁ  {

channel downstrsam was'eiéel"

feetures, it was decided to'khandon the bucket type of  deBip R
controlled spillway as. (l) tue bucketfwonld‘be xpensive‘to construct*fg_f‘ﬁ“
(2) the qtream of" water had‘i" - ] *“

- _The next de*ign elimlnmtea the bucket altoeether_and subatituted &
short apron with a downward,slope 01 4 to l (flgurelléF deuign 6“‘anu
118). This des;gn was & mf?ked inprovement over prev1ous oﬁes,m '
_“reqdlred the extension of. the rlght and’ center train;ug walla_
Experlmentation w1th various wali lengths demonstrﬂted thut the center S
'tralnlng wull shcusd be. extanded 30 feetfbajond the end: ofmt E“uncontrolled e

splllway apron, and the right trainlng . 'jv iigdréO reet an an angle;ﬁﬁfg

. of 30 degreea to’ the right from ‘a polnt 130 feet from the axis ox tba dam._
?-hen s&nd was: Pl&ced_,féiin_\‘t' » o . ‘ :

led € TR ground roller or,return

‘:‘current whlch it was anti _pated would ueposit mate:i&l downstraam'from“
‘the apron (flgures éF dasign 7 and llB). Aa 1t fallad to ‘do” this

effectively, and as the" jump tended to sveep off the apron,‘th design ag. .

L abandoned in faver of thv plain leying apron..s

_ Tests on tbia apron deelgn ehowed that the gump could be,improvedr¢   .”‘
. by lowerlng the apron and by extending the righh training'uall more G e
S nearly parallel to: t.he uPStream purtion or the"‘“{'rala, : F.hen the nodel vas -
7ftested after maklng these revisiona, the flow ronditions appeared to be
_ Bat:sfactory although some eddy currenzs were shill present. The&e were
:practically eliminated when rock-jettiea extending 200 feat’ loug rera
'placed on both benks of bhe rivar dounstraam froa the right and lert

; training walls (figura 15). .




_ "nB.f The 1 to 24 scale model‘tests .'nanmuch a .tho ljtoiéo;scalo
model did not, permit observatlon of theﬁséourimg_action of':h':get
1iqsuing from the controlled s;ﬁ.llway,w 15

some”
et low flows and a great oeal at tha higher flows/(figure 12).‘ The .
‘scour could be’ prevented by lengthening”the apron to he point ‘where ?the i
jump was completad bt this iould te iéry expensive o“oonatructwn{,ﬂﬁ;ifff;l"
more. economical solutlon ‘wes foundrby lengthenin ':f' 29 '_. v t_\
_&nd. adding & sill Three types;of triangular sillsftere tried. onn with
the top ﬁurfaca sloping oownward.at 13 to ¢, {_ " £ ‘
and. another with it Bloping upward at lO to 1 (figure lBB
downward-nloping and horizontal&”illa produced 3

S Two SiZes of the Rehbock Blll were alao tested _
 ‘feet high, 'ith taeﬁh four feet Wide Bpaced ,our"eet'apart,_‘ ,

" good ground rollor and mlnimized the scour;;the second, two feet'high,
with teeth ﬁhree leet wide apacedkthree?feet apart was too small_to ’
-anequately dlssipate the energymof th et;andlconsequently thero raa

considerable scour at tho bigher discharges figures 134 end ). ‘The.
' first Rehbock sill effectively protected\ he £oe_of t.he‘ dam, but would: -+

e quite expenaive to construct, so it ‘was decided to use u{e " triénguhr

* 5111 with the 10 to 1 upward. elope. The latter wot t‘ provzldc quite
as much protection, but ‘since there vi-*' ¢ pi;b
wnys during the dry saason,édamago ﬁhat might occut”to the stru' ura kS
during an’ exceptional flood could be repaired,‘ ‘f R :

_ _ The oand -hich represented th' 'i‘er hottou was placed uith'conc eteo:
4o the fj.na:l test enabl;ng observat:lon “r the Juaip sct.ion whon the ﬂirer”"‘
 .,bed was stablized aB would be the case on tho prototypc:uhich bna a soli

E granite rivar chennel (figure 140) The' junp weE noro satist&ctoty“thnu
fit had been with the: sand botton. ‘I'his would .mdicate that th.' scour tests




-were probably conservative since the granlte river bed would sarve &
:extenSion to the CDncrete apron, prodncing better Juﬂp conditlons than: _ﬁ}‘?
"the ‘sapd. bed used in the previous teots.' A test was made wlth concrete
, :backfilled into the footlng axcavatlon at the toe of ‘the - apron (flgure lAB)
.-Bubbles of air collacted at thls polnt lndlcatlng that negatiVe pressures ‘,
" were present., When the V*Bhaped excavution waa not backfllled a small
roller formed - in the notch which seemed to elimlnate the negatlve fff-;
1fpressurel (flgure IAD) A camparison of tbe two shOWed tha  the energy
 of the jet w&s dlssipated more effectlvely uhen the excavation was not
";backfilled.. N .*, ‘oy‘,gu. e e e L
9. The racommended de51gg ; Tn tbe reCOmmended des‘ o
nncontrolled Spillway shape was the sama as 1n the original desian. The ”Loi
vrock excavation at the end of the apron was changed honever, from &
‘slope of 3 to 3 to & slope of 6 to lntoLmore evenly diatrlbute th flow
in the river (figure 15). f“',*~ o PEAC i'- el
' The controlled 8plllway was. changed considerably from the'origlnal  :$1”‘”

design, The crest and- the O 6 to l slope‘remalned the same, but tne 25-'&1"”'

~foot radius curve began two faet loaer athelevation lel 46 and contiuued :
‘to elevation 1473 oan_ Eeginning at that point, the apron extenned dovnwara

on a 4to 1 slope to elevatzon *46¢..1, then upward on. a lO to l slope to ¢"'o‘ ”

?;the end of the apron at elevation 1461 31 The rock excavatlon forfthe ‘*;ﬂﬁ,~7

‘rﬂfootinga at the toe of the dam wna not backflll wit
_V-shaped cut: aidad in dissipating the energy DLi

The center training ua;l was extended 30 feet beyena the end Of;uhe':ﬁ?ﬁJ '

}uncontrolled spillway apron and the right tralnzng wall !as extended 50
feet at an angle of: ten degrees to: the right from a point 100 feet fro

Lthe axls of the. dam, then extended 32 feet at an ang;e of 22 degrees to
the right from the end of the 50-foot extension: (figure 2). Fock jetties"af’
were. placed on both banks for & distance of 200 feet downstrenm from the ’

'*f'~training~mnlls_to elim‘nate ‘Teturn: edcies. -

S | ANALYSIS OF EESULTS o |
oo A0 Conclusions.‘ Eydreulic model &4 udies of the Altus Dam spi¢lways
_‘showed that it is extremely difficu¢t to design a bucket which WilL traject




’the flow 1nto ‘a pool downstreanzwlthout,creating undes;rable floy‘
3;canditions.c It wps found thab’in order to eliminate the horizantal%

11;; Reconmendatlons. on"tn

‘.,_spillwaygba'used and that ‘the fock excavatzon at the end ‘x tné
_ apron he at & 6 to l slope._{;ga, : S g CO

Lt (2) That the original design of the crest and Os :
"f81oping protion of’ the controiled spillway’ be retalned~-* -
- (3) That the’ 0k td”l‘sﬁépafbéﬁédnfinﬁEd toﬂelevat on- 143146
.‘jwhere a circuﬂar curve with 25-foot racdius would ‘connect it with =
e dtbond slope f';ro:n elevat-ion 1470, 08 to elevat.ion 1461 0. The .
“fpool floor should’ then slope upward on a ‘slope of 10 to lito, = ¥
;elevation 1461.31 st the ‘end of the apron. . . -

... (4) Thet 811 of the controlled apillnay gates be opened S
"'.'uniformly and uot»1adiv1dually {figure 8). DR T
o (5) That the center train:ng uall be’ extended 30 feet bey°n“‘.w-i?fuff‘
‘ the enu of the uncontrclled spillvay apron.a _ e




‘ {6) That the rlghttralnlng wall be extended 50 feet st an.
_wangle of 10 ﬁegreeﬁ ta: the. iright . from point 100, feat from tha
. axis of ‘the dam, then eXtended 33 feet at an}sngle of 22 degr e
:] §0 the rlght from ‘the: end of*tne 5 ”foot exten81on

| ‘(7) That Tock jetties be placed/o
‘,to _extend at least 200 feet downstren
.:‘left tr&zning wall'

(B) That no matari&l be hackf lleulﬂtD the rock excavat'on

Wk
b

_at the end‘of the controiLed ‘spillway apron
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A RESERVOIR ELEVATION 1564,00, DISCHARGES -

UNCONTROLIED SPILLWAY 6,000,
CONTROLLED SPIIIWAY 54.0C0 SECCND-FEET.

B XOCK IETTY EXTENIED OUT FROM RIGIT BANK, AFTER 3/4 HOUR. 60.000 SECOND-
FEET DISCHARCE ' / P

.. ALTUS DAM FLOW CONDITIONS AND SCOURS

- ORIGIM‘L‘DESIG_K SPILLWAYS - 1 TO 60 SCALE




A HYDRAULIC JUMP SWEEPS QFF UNCONTROLLED SPILIWAY APRON WHEN CATES 4 TO 9
ARE OFEN ON CONTROLLED SPILLWAY.

B HYIRAULIC JUMP REMATNS ON UNCONTROLLED SPILIWAY APRON WHEN ALL GATES
OF CONTROLIED SPILIWAY ARE OPENED EQUALLY.

ALTUS DAM GATE OPERATION INFLUENCES HYDRAULIC JIMP ON UNCONTROLLED SPILLWAY
ORIGINAL DESIGN - 1 TO 60 SCALE




4 CONTROLLED SPILLWAY BUCKET EXTENIED UP AT 25-FOOT RADIUS TO POINT WHERE
TANGENT LINE IS 45 IEGREES FROM THE HORIZONTAL.

B COUTROLLED SPILLNAY BUCKET EXTENDED UP AT 20-FOOT RADIUS TOQ POINT WHERE
TEHGENT LINE IS 60 DEGREES FROM THE HORIZONTAL.

ALTUS DAM FLOW CONDITIONS - CONTROLLED SPILLWAY TESICNS 2 AND 3 - 1 TO 60 SCALE




A CONTROLLED SPILLWAY HUCKET EXTENDIED TP AT 17 1/2-FOOT RADIUS TO POINT
WHERE TANGENT LIME IS 80 DEGHEES FROM THE HORTZONTAL.

B CONTROLLED SPTLLWAY BUCKFT EXTENIED UP AT 18 3/4~-FOOT RADIUS TO POINT
WHERE TANGENT LINE IS 70 IEGREES FROM TEE HORIZONTAL.

ALTUS DAM FLOW CONDITIONS - CONTROLLED SPILLWAY DESIGNS 4 AND 5 - 1 TO 60 SCALE
JFESERVOIR ELEVATION 1584,00, DISCBARGES - BWONIHCLIAD SZPTLLRAY 6,000




B HORIZONTAL LIP 3 FEET § INCHES LONG PLACED AT END OF 4:1 SLOPTNG APRON,
ALTUS DAM FLOW CONDITIONS - CONTROLLED SPILIWAY LESIGNS 6 AND 7 - 1 TO

WU e

RESERVOIR ELEVATICN 1584.00, DISCHARGES - [RIOONTROLLED SPILINAY 000,

AN



D DISCBARGE 60,000 SECOND-FEET.

ALTUS DAM SECTIONAL MODEL - SCOUR CONDITIONS = CONTROLLED SPILLW Y DESIGN 8
: 1 TO 24 SCAIE




Hies
(et




D RECOMMENDED DESIGN - MO BACKFILIL AT END OF APRONM.

ALTUS DAM SECTIONAL MODEL - SCOUR AND FLOW CONDITIONS ~ DESIGN 9
1 TO 24 SCALE




B FLOW CONDITIONS - KESERVOIR ELEVATION 1564.00, DISCRAAGES - UNCONTROLLED
SPILIMAY 6,000, CONTROLLED SPTLLWAY 54,000 SECCND-FEET.

.

ALTUS DAM RECOMMENDED DESIGN ~ 1 TO 60 SCALE
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