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A. SUM'MARY

Laboratory studies made on a scale model of' the proposed
spillway for the Alcova Dam showed the original stillins pool to
te too wide for best operation, and demonstrated the hydraulic
superiority of & narrower stilling pool. The model studies also
denonstrated that the gates as originally planned wer: not large
enousl: to pass the.required flow with the pond at the “iaxinum
allowatle level., The gates and piers were redesigned to correct
this condition.

Tests of the stilling pool also resulted in an improved
designe The model studies thus brought about a substantial saving
in cost, and insured both satisfactory and safe operation,

B. PROJTCT

The Alcova Dam of the Casper-Alcova Project on the North
Platte River will be just south of the town of Alcova, Yyoming,
(fige 1). It is an earth-fill dam, and the flood flows will be
passed by a gate-controlled owen spillwzy situated in the valley
wall at the north end of the dam (fige Z2)e The spillway is de-
signed to handle a maximum flood flow of 55,000 cuBic feet per
second. Three stoney gates 25 feet 8 inches wide will admit water
to the channel, which drops 150 feet in a length of 7057 feet, and
increases in width from 95 feet at the gates to 150 feet at the
stilling pool. A model of ths snillway was built and tested to in-
sure satisfactory op=ration and to investigate the feasibility of
proposed economies,

C. LABORATORY

The Denver hydraulic latoratory of the Bureau of Reclama-
tion is in the basement of the 0ld Custom House, 16th arnd Arapahoe
Streets, Denver, Colorado, (fig. 3). A 6-inch centrifugal pump
having a maximum discharge of three cubic feet per second delivered
water to the forebay of the model. The water then flowed over the
model, emptied into a sheet-metal return flume and wes carried back
to a 9C-degree V-notch measuring weir, After pascins this, it was
recirculated by the pump.

During the testing of the model, members of the designing
staff had ample opportunity to visit the laboratory and observe the
model in operation. This situation was condueéive to closer co-

-ordination of the construction and hydraulic features of the struc-
ture and led to a design superior to that which would have been
produced bty either organization operating independently. Due to
the urgency of obtaining a satisfactory design in a minimum of time,
the testing was conducted two shifts per day by crews each consist-

1



T3k

— =

133

ROTW.

TN

T.30 N

SN b

) J4n . L 7 . y RONA _Cb.
2 ’ a ' erf CARBON €0. |
W ; PATHFINDER » ] 5
R kS /! ‘.";', RvOIR _ Pe oog P/j\ | |
I 7 = S e oy
TN ) P4 (53 & J — !
y s 3 - |
$ Leo =~ i ;
g -N‘ L_.\ | ?
THN. N\} \ /“"l"w"\%
A |
i oA or | )(S;“ rley l
SEMINOE A Y - e i
DAMS o, , .
T8 N. oo "‘Y.‘. - ( :
- ke 0(/ : |
, 2 infl Diffiquitye / 4 f
% —
: f-ﬁ [/ /- . : ;
A id { =AY Medici AL River] i
\‘ $B ‘ /4&; ”'\d ....... -~
% b4 - S Ry
a—
3 - G e
TN 0""g ’{ N d o
Y. i—-ﬂ.\ Os Hanna
S cdun P Fie® T e
‘ - x CASPER-ALCOVA PROJECT -WYOMING
/o] Peree R Stecle olcott ALCOVA DAM
s T LOCATION MAP

omAWN: 5. A5 . suBMITTED: }
rRACED: G Q.... RECOMMENDED: .
CHECHED: LN W, .. appmovED: ... AR

i

%842 IDENVER,COLO., SEPT 27,1993 |llely~




r//
" g
Fre oz
No. 8
SPECIFICATIONS No. 590 DRAWING
4 N1880.3/1) - PRP . o
\’{\ s Erariarl 3 H Yy, & Y, & N & (*Gate house Parapet wall - £1:5513.67; ,-Top of embankment - E1. $510.0 ;Operating house
a2 % N Vo .
. Er8238 ! *‘, { fi-Gaterouse g 0% §F 5 ° v } e Top of embankment - E1. 5510.0 ~Max. W.S. - £1. 5500.0 i e Max. W.5.El. 5500.0 o
) 3-25'—3'- 40" // ~ T “ ;. 3 v ; v - ; o \ - 5500 8500
Fixed wheel gates .. = Sy A oY <~ o~ ~Elevator shaft
’ iof sta 107’695 oSO : o\ )' i e il ’
= o LOf SDillway IR « 207,94 I . e -Sp y ™ ” .-Valve on
i y{r-;&.‘.‘ao‘ ~ > S04 {1 ?-",17 N “Riprop o 8400 Rock surfoce” ° "is'Min. vertical distance- o0 [ ‘Rock iine Vaqvae!e
g 8 :1 Slope Q\‘o Embankment section - 11 :;ogn?e’}as';‘;:’g;’frgglfl Rock line- River bed-. Pump room chamber
. directly above cutoff wali-+1i riprap -in a/l cases. i
3 538 O 5300 «.Tensieep Formation
(4 /oo:__ s300 Grout holes as directed----- " A7 Roc k 5urface anma/rq‘:'gu ,Z)dds urface T N ? Sandstone)
o q. O . B
Te(8.31' o N Droinage *unne!- Drmnaqe tunnel-
\Lr26.78 ® \ PROFILE ON € OF INTERMEDIATE CUT-OFF WALL ¢ ‘Amsden formation. . .. . ..,
.--4--Porapet j 83300 Drainage gallery- "t [ime ctone) == < i1+ ST
PROFILE ALONG DRAINAGE TUNNEL _
- *, Bl W vE ) T ..Rock riprap
___________ % \q,°° ~Top of embankment - E1.5510.0 82 ':_5: 22 Minimum 5§ :
0 ~Mox. W.S. - El. 5500.0 5° Minimum &8 Sg £§ 2%
E RIVER i | Open cutoff wall ¥ o
5500 Tensleep M -~ See typical section :ﬂ
formation J . IJ =
PR T i - (Sanzstone) -« -8 1;1. R
: ;‘r“ ~Spittway L. 4= i+ -Embonkment sechon d/recf/y ll'l Amsden "~ 20th ways ° Eg
¥ - 5400 | & ‘,4_ /above cutoff wall o~ Hl,l (fZ”"""fP”) 4 * '} =2T
MR DR i B NSRS ) « | SN -+ L 73 Rock surface.-- >yl ’ - T imesrone, X : oo
OO T S TP TN | 41 N °_°“"3”W,°” PROFILE ALONG UPPER Batter gniz .| wwy
: X Bottom of cut ol wall-- = “Rock surfoce CUTOFF WALL Dot sides - 4 3
55303 =3%90"T 1547 ”: """"" 5300 } Original ground surface - river bed-- - / Cutoff wall to penetrate limestone at least o1 2
\{o,' M"I ! ynag i 2;0:;,’,::,:; 6 ft. brlow contact with sandstone ] =
) X nr
O h) Drainage sha#?. LOWER CUT-OFF WALL = &0 24" Min.
(}/ . Operating house- PROFILE ON € oF ) _.-'c . K Beng a.'remofde ye’r‘r'ca/ A 0_' L
~——-. 1 £ bars right and left -~ = 3707~
- o '{ - © 3 je
Rt Y / -4 T . Tensieep f 4 Grou? pipe-- " -i§ @ Anchor bars-
T~ Fo .l 0 p formation rout pipe - . Lk
v S /. ‘z i R e {Sandstone) = L 55,‘%_‘.’5'-‘;/%‘2*/0"‘7'
Pl ‘2\ b o A 4 ki ) -0%in
Valve and qate chamber. 77 X Top of cut . Gafe house 1. b e CUT-OFF WALL~SECTION
. { ° Pt g @ L (Limestone)
/. N1I.421 -Road 40 - .
o, ‘P,a yP ( R.P4 £1465.937 /-\\ :1 1. 55:0.5 D o C. ._."’ _LY o nzs(nvfglona AREA - ACRES 2000
4 % % AR \"‘,(,\ »-E1. 5503.0 — — ' el T RESERVOIR CAPACITY - ACRE FEET
4 s 8 b ‘gl N : ' £1.5465.14 a o L 5500 e bl
¢ ‘ T ’ 2 ; g - 5 ,
] = A T iy % STOPED CUFOFF WALL +— — .
. . &) { : . : e o surfoce on € = — + -
® Diamond drill hole %0 1o 0 GENERAL PLAN L - i A% & - vreund o ; . 8
f Concrete !ining-+ 3-25-8°x 30’ Stoney gates-- s X , S
5“"9 of feet " ng ) Y sas0. 08 3 8 2 T “E15647.20 & S eg.vf'”’"g? ssse0 Joilalerel53sa0 S
CONSTRUCTION NOTES: ;:‘.8 S £!.5378 ATy 7 Q=55000 s.f. susoF———J—
QD Impervious Section - To consist of @ well graded blend of fine and Max. W.S. - E1.5500.0 >Se8 8 < W 3 . £
coarse material, the relative proportions of each being controlled — == Se” v’ B P o o, z :
by depth of shove! cut. - IR Y = 2 e ¥ 2
Sellr';: /mperwogs ;Secfl%n ; - coglsrsf of‘; H;efsame rr;affenla/ as the Rock ri - « gﬁ @ S £y » 7 5600
pervious Section” but rou raded from relatively impervious ock riprap-- F SPILLWAY b S ~n > F A -
material adjacent to (1), to qgvge? at the outer siopes. * = SECTION ALONG & O a § g ¢ $ 5 v, !
©) Gravel Section - 7 consist of material from required excavation - * w e /‘
in the river bed. 5 /9"’6‘"// rolled, R k] 5350
@ Rockfill Section - To consist of loose rock from " 5 fayers -£: sa02.5 v u ?—‘ - - T
required excavation and from borrow; placed with ..; /Uy Saﬂd ﬂnd 9’°V¢’ = ,,;- "r :-,.;., . 6 A by : : ) i
coarsest material en the outer slope. : ro/led ln 6 layers r -;-g ’ i SRR, J ol 2 EL55/3.67 PLAN )
oy - AT T - - 7t
218" At E1.5330.0, -  Rockfill-from required N T Kl 53€0.0 | & Contraction joints- ¢ 150" crs; 5300 povil
= ] - excavahon and borrow .~ % 15’ 53500 % .---Electrical . ° OUTLET DISCHARGE - SEC, FEET o
- - L Nt " condufts kY ; 8000 1200
Ve ﬂ‘. - River bed- .. " Y : £15330.0 . ; Comcrete ;':' ] RIV;OROODIV!RSION . Booo er
‘ . ! ' o fferdam ------ . L . w0 { sidewe * -AREA-DISCHARGE CURVEZ3
: ‘;". Sind' : qrave/’ and boulders -~ Lowze; cc’gsfrdam /& Contraction joints g' -12°rs. { sidewalk STORAGE-AR APPROVED MAY 1, 936
' i ROCK lineog _ oemee Constructed of rockand funnel ;+20-0"crs. in curbs OOth woys.. . % )
OAP - ; _ por Lacamah Rt AR muck from diversion tunne! | and s!:dewalk 2*Drain pipe © sTATE EmEINELR: WVOHINS
Dmr"aqe Qal.ery -EL5278.0%  \'Digmond drill holes ! Axis of dam. . ; . 20%9"¢rs. - X ~ CPARTMENT O THE eTERIOR
“4-Lowser cut-off | ! s bote | (See Dwg. 144-0-183) ) i e A0 et o - 31 i:"é}- 24 i fzers., W g BUREAU OF RECLAMATION
Rock Ji S E b wall : 5 - T | Tensleep Formation -7 1 on -3 S o . N H CASPER-ALCOVA PROVECT - WYOMING
ock line~ ; ; : w1 75 3ndstone) e £1.5510.5 ~E! 5510.0 '-.'_ peg R
Upper cut-off wall~" 'f P e ! i < - - 0.2 w4 Tile k B g ALCOVA DAM
. Grout hole- “-Amsder. Formation. , i | 5 P7aes .12 Fine rock surfoce £15509.75 g -+ drain-pipe- Lo-<o il lx GENERAL PLAN AND SECTIONS
! (Limestone) ',u L ‘ ! v/ L.C/ay.saﬁd and grovel-pw . ; 50°0°¢rs -
. . s . A . L S L. cA - ~ L SuBMy T~
| Diamond drill hole *-Grout hole R ' :,::esgrg_/grs zsgr-oa/rgrpslpe g ; SBCTION VIEW-A-A S |rmnceo: :'::::"Lma_ _
! 0 % _leo MAXIMUM SECTION CREST OF DAM LEFT CURB  RIGHT CURB PARAPET AND WALK - DETAILS = {enacnso: M . aPPROVED:. .
' ~ECale of Teer CURB DETAIL ’ S 25592 [mv-- Toto, ARRI x, ||u.-o-|os




T i " nEmroos,  cowme

HEAD

j ":m TANK L ‘U% e.i.‘l N . 4" PRESSURE PIPE ; TANX 1‘ A WAL
T . ! ™ \ .
. . ’ﬁ‘ﬁ_;l? I6™ STREET oo wrer ]

S 74 AUXILIARY RETURN FLUME
i 58 | ) )i VALVE ; - | .I
e It R FLOOR . ' ] N
FLOOR Lne RIS IR FLOGR LinE } J Y ) e hvid % ' e
il N 1 r B
wn e oo - 5 I : s |
STORAGE | STORAGE ' : STORAGE . N
; 3
- t
i .
P e——— : e Sama SECTION X-X
[ *
L | k
4 v
a 13
A L
o= == = ' &
$"C 1 PIPE S5'-6" ABOVE FLOOR v \ ' . S —
> i -
.:m Tanx | scipeE (B
over) |t

Er}:F.ﬁ-.ﬁ;"ﬁ‘,‘!‘f‘.‘iﬂ“’tf@?‘w L oo T D

D U “ (wuf' o AUXILIARY RETURN FLUME
|

‘

MAIN MODEL LABORATORY

L e ,,__,,,,"““,J" MODEL LABORATORY ANNEX
supPLY PIPE

THREE WAY VALVE -A

|
FLOOR -DRAIN HEAD TANK

. | | ovem) c 4" PRESSURE PIPE o

| \ . :

S : ' 0 VST SUE P - SRR PR,
VALVE L m& :

FLOOR DRAIN

e — e — i :
- . SHELVES ‘\ﬂ . . T
w M | *
g — e ; | ‘ )
= WORK BENCH ' ' . |
|‘ } FLUE : STORAGE :NOW t
g WATER SUPPLY PIPE 1 ; . ;
& CARPENTER  SHOP ; )
g . Sasaivaisus NRCN sovacls |
: i '
< WORK BENCH }1 WORK  BENCM }LL ; L I o
. . N [ S | |
: R -
1 1 .
f S 5 L
4" PRESSURE PIPE Y
- = t - 14
r’{ . DEPARTMENT OF THME INTEROR
Froom . e ",' ............... ‘V".'_. ')'1' "l BUREAU OF RECLANMATION
' ; J : ! ] DENVER
O S . { .. HYDRAULIC LABORATORY
16TH AND ARAPAMOE STREETS
BASEMENT FLOOR PLAN GENERAL vavouT
- 0 23 ane e . ORAwN € 4 N SuUBMITTED {Wm
aA e ek 4+ . TRACED ".» Dw S RECOMME %DEC
&. SCALE OF FEET CHECRED L&D APPAOVED
]Ttnv(n coLe  Jaw 7 ns)AJx_D_973




ing of one Junior Engineer and two laboratory assistants,

D. INODEL

The Alcova spillway model, constructed on a scale ratio
of 1 to 72, included the complete spillway from entrance in the
reservoir to discharge into the river bed (fig. 4). Ti.e model was
built of wood and lined with sheet metal., The entire stilling
pool, except during the first few tests, was set in a large sand
bin, which facilitated changes in the model and enatled a thorough
study in the various layouts of the expected scour below the lined
stilling pool. To offset the relatively greater roughness of the
model, its slope was increased slightly over that of the prototype,
in accordance with computations based on Manning's formula and the
laws of similitude., Velocities at the entrance to the prototype
- 8tilling pool were culculated, as suggested by the design department,
by assuming that the velocity head at that point would be 85 percent
of the total drop from the reservoir level, Calculations for the
model were based on a Kutter's *an" of 0,010, This was found to give
actual model velocities too small, and the slope¢ was further in-
creased until proper velocities were obtained., The failure of the
calculations to predict velocities accurately was probably due to
the very small absolute depths in the model.

E. ORIGINAL DESIGN

The original design called for three gates 25 feet wide,
separated by piers 10 feet thick (fige 5). This design required a
42-foot head over the gate sill to pass the maximum discharge of
55,000 second-feet, instead of 40 feet as expected (fix. 7, test
SP-CAD-1) .,

The original spillway flared to a pool width of 200 feet,
The hydraulic jump forming was very shallow in comparison with the
width of the pool, and at small discharges a large whirl formed
(plate 1), Due to the unsymmetrical approach to the gates, the flow
through them and down the spillway was also slightly unsymmetrtcal,
~and the whirl in the pool rotated invariably in the same direction.

Tests were made with different conditions downstream of the
pool to see what influence they might have (plate II), In test 7
a metal wall simulated the hillside on the left of the tailway, and
in test 9 the right wall of the pool was shortened,. The former test
revealed little, and the latter demonstrated the necessity of thor-
ough lateral confinement ot the jump.

The few tests made with a pool 200 feet wide showed con-
clusively that it should be narrower for best hydraulic performance,
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PLATE I

A, POOL WITH NO FLOW. B. DISCHARGE 55,000 SECOND-FEET.

C. DISCHARGE 25,000 SECOND=-FEET. D. DISCHARGE 5,000 SECOND-FEET.

ORIGINAL DESIGN OF STILLING POOL - 200 FEET WIDE.



A. FALSE WALL SIMULATES HILLSIDE.

[§]

. DISCHARGE 55,000 SEC.ND=FEET

. 7. DISCHARGE 55,000 SECOND=-FEET.

VHAATATICNE OF ORIGINAL PCUOL - 200 FEET WIDE.

IT ALY



F. REVI3:ED LESIGN

The s tructure was then redesigned: the gates viere enlarged
to a width of 25 feet eight inches, the pier thickness :as reduced
from 10 feet to 9 feet, and the stilling pool was narrowed to a
width of 150 feet (fig., f)e. The change in the gzates dzcrzas=¢ the
reouired head for maximum discharge to 4C feet (fix. 7, test
SP-CiD-5); narrowing the pool greatly improved the action of the
jwto and effectively removed all traces of whirlingz,

In an effort to make the flow in the s»illway symmetrical
and 1lso to smooth out the disturbance generated by the piers, tem-
porary alterations were nude in the model to form an hydraulic jump
just below the piers (plate III)e. The pier disturbance disappeared
but thre flow in the spillwny remainced slightly unsyrm.etrical. Be-
cause of cost considerations, the use of an hydrsaulic jwnp imrnedi-
ately btelow the piers was arandoned. Figure 7, test SP-CAD-3, gives
v prof'ile of the jump just btelow the piers,

Go COIPARATIVE TESTS 07 VARIONUS FPCOL LAYDUTS
After onlargin:- thz mates so that they ha'l surficient
c.mnzity, and limiting the pool width tc a valu2 givin:' r2asonably
~ood stilling=-vool action, subsenuent studies were mede in an effort

to decrecse the 1:mngth ot the pool and recduce the erosion cdownstream,

Length of' Wall on Pisht Side of Pool

The stillin: pool is situat=d at the dowmstr:im toe of the
d:ien, mmd the right wall of the poel will serve & a rsirining wall
for tre cmbrnknent (fige 2)e In order te deterain: the —minimum
loueth of this wall consistent with safety from scourin: =t the toe
of' the dam, several lemsths of wnll were investisuted in tle model,
It was found that & short wall prcduced very poor hidruilic condi-
tions: water flowed alon¢ thre toe of the dun and enters: the regsion
ol th- jurip from the side, aciross the sioping end o1 th. stilling-
pool wall, Flate II and plat - TV show this to be th. or3= The
inf'lux of water from th.: side interflered with the oropsor -ction of
the jump, and Tormed o larsc whirl or eddy which scour s’ the river
bed near the toe of the dam and at the lower =nd of ti:» pool wall.
The tests indicated that a wall eatending to sta, 8&:-N7 ot elevation
5367, aad with its downstre:m end sloping off at 1-1/2 to 1 would
he satisfactorys A4 2 to 1 slone at the lower eand of th¢ rirtht wall
wi also tried, but seeimed no hetter thun the steepor slove, and was
abnndoned because of its greater cost for the sane top length,

The left wall was vertical and extended fur beyond the

stillin: pool for the majority ot the testse It wis understood that
the pround in the region would not erode readily, an@ so little

10



PIGC r

SPECIFICATIONS No. 590
' : DRAWING No. 19
1] ) ‘ Py { [ \ ! \ 7 - -
1 AY
-1 Slope 2 -3 H D. 8 ||& 4 f S \ PR W . Dumped
8 1k \ T S "% H v ,\‘J ) \5'“"’2"‘” Gp> | ™ riprap- 4's thick & "o
TR ' ""é“f;’”‘"'_l e Ve & e 1LY . JABEE NS o R
- R crs. borrom ] ' X4 Tile | ‘ HER i 'IHI:I' N : 8
? El. 5433 =% [l ‘;z i .VLF!;F drain ] / = o= ey S B ll_il g ".‘ rﬁ% = s
2 = ; e i T * !
3 -t ; #"Lateral Spacmite 17T L
2 4:1 Stope | ; 3°08' 3¢ 4 Loteral ' drains-- y drains-T I
£ o -4 = o o = Vi — 5
|- 44 - : 6 » ¢ Q
g 18°Ave 2 Q' 'i-Splllway 0835, | aranse el '5,.“ e | ‘;C > ; §_§
o - é-]u 8 3 5’3
g Wl Bi5 o _ 3 2
© Joint L _ ! ir) 308 - L - Detail’N" §:E
§ 4'Min-: | ElE s 28 | .8
H [ M Ry
TR A Ay > el S t
e & form fo anchor spacmq : . : Nt Aseor
; Vs, T AR L e
: P/ ‘ * y ~ 3 \-- - ‘\
S el /8 00rs about [8rs. & T \ A e A R
i . T pELBASS N \ Pipe | .
. & Y o\ EeCurd ke
ke ~ 6‘ K.\n \ ! ~< 2"Min.
INLET CHANN ~ . W& ) Groufholes obout 4"Dia. Vitrified ¥ —
‘c NNEL LINING ) ,é‘\ '-.\'; . r:;sfe 37:»7;'7’ é’,”& 5t : . tile lateral drains / |
~ A jle @ A 3 . P ,
— N S P& BN\ \ \Botom €1, 54254 - Placed in porous’  ~Longitudinal drains
NOTE ot % $ VS | \ i : placed in porous concrete
Al or rt of channel i : e pet 36, ; \® ' \ DETAIL OF
I sy pert of chanee fint, = Speli ] ", = T OF DRAINS
omitted if directed in the field. - ? \ \ \ Top of cut~-
L \
/_‘w e ‘\ \ '\ .5503.0-- ! | | D
B t == \ . \ \ f 1 1 | . : ; :
— ; ‘-2 ! Joint-y | /€1.5418.0 < 1 1T
S —— " Y gy - o
= g 2 ! e sLsss, ‘
e & 33 eGrout a sroomarl | PRy 5440 SECTION u-u
' JB & A g.‘ holes on ¢ channetS T ,
' . _ c 2 rl ELEVATION H-H
Top of cut-., ! I b ! [ ] &; K3 8 o 0 80 100 £l 633.00
by ! l I : I RN ! ‘§I & Q' 8 Scale of feet '
fé’%‘})’ﬁz L 2Rl - I'zr“sJoso BERE e.si00 Jl, LEs lisenso S 2
Round corner ‘ [ 515 T _‘ S < gs; & I'.e,i-?' Vitrified.: El.5309.0
fo 12°radius- 27 . Joint-y -El. 5479.0 I' el i YRS 8o ... o Joints i Il © 56-0"crs.-- . ¢
o> ! Se.0k); b o4 Ire In wa (o e AEREEEE MRS -bdomfs mwlls-ﬁ@hbnfs inwoll @ 4/'8'crs= .
. ' Aasj»ss L ; £1.6455.0 ke 50600 11 glsuka T Pt : : = 4°Dia.Ris
EL.54%00 ) Bk N i Ste.8+62.87 . | Y P s v m ' : : i :
v 2 . g.8¢4 ’B.A % :': E e ¥ s . E i : - >
I B el 12 Panels @ 240" -----+~-------aeeu-- -" on¢ Channel h ‘,z"Mv/: ',." 3! G.: g? gig g 2 o *0 o, 2 hpe N"lnq on left wall QHU : H ﬁ( : .6.-0'." v"rih.d
- “Grout holes ! & £ 335 § 2 = ¥ pem 4 .[Ground surfaceen & 8 : g ; .'L",:.ﬁ',’é’} placed
et g i s, - =8 - E :
g g Bt - -Floor panels azs-s'-! g ,“" \ _____ k3 J é; : DETAIL °N*
NOTE P 1ZMin;” O e .. .‘%5 /e ¥ ?:‘E . '
All side and bottom lining of inlet channel 5 I " TONH 5 :
to be reinforced concrete of I8"average : g: Falpy | 1 X Tallwater Elev. Q- $5000¢ 0.5!861
and 2’'minimum thickness. ; - . CH I I A B e ~——
! ﬁ- & {5 Ave. ' EL83303 """~ =meeeeaan
Rock fill-—X0] forrrm e 85+0% - 2 g § M e i R
- S W T b - --Floor panels @ 280" --------(g----~i-=-=2memen - £ g
£1.5561 6 A s LA “..2" Stone or qmvel g : ‘df ! : E 47l Slope !
. yELS 1o 25"o-25'i . fI5"Ave.  backfill ; 3 Riprap os directed
L2"Min. 4 SECTION ON € A-A : @3 Grout holes ’1 z. in field ronoveD M
~Riprap SECTION E-E i floor ponels®TIY -~3}- Floor panels@31:3" - '." g ¢ ATPROVES T b
------------- T e e £1.5510x- { +£1 56105 . - SYAYE dnbati
47 Slope | 5503, [ Riprap-— = it D/’-,:II ond quuf these holes ! ) B 8800 OEPARTMENT OF THE INTERIOR
~ 50" “gror e = ; * when excavation . Rypogrer s B — —- :
41 Slope | & T K | 3-25:8%40'0] | '\ sarsa| 7| ieat E1.5475¢2 ___,C.".'.'.".’."."_e.r.r'ff’.”..-. Ly Forth fin ¥ g % CAsPER-ALEOVA FROUEET - WYOmme
' | AR \l Fixed whee! ‘ﬁ"f" - L =L\ e, 54600 B i ant . J-ROCK Fill “ ALCOVA DAM
/ e T -El 5455.0 e R x 5480 <
‘ ARy ),I ' w25 Lo, iJ5%Ave E SPILLWAY
(N |fG | (1.5_“_3_3-' AN, o (')'l s y A ' \ ;- El 54254 N2 Min. A 1 Eu‘lo GENERAL PLAN AND SECTIONS
¢ hol o TR - 4 Ave’ <25 e 26
about 10Cre Gr"guf hoées anouf SECTION F-F 18"Min;” i 'Ggggzmles ¥ Lol omawn hbA . sessrreo. Qo
CcT! - See dwq. S N -D Crs. oee Uwq. - ¥ 0 10 20 30 &0 80 & teaceo. . HPB..  agcomme .
Se ON c-C 144-D-18 ECTION D 144-D-187 SECTION G-G l4-D-187 DISCHARGE - THOUSAND SEC.FEET crecaco GHH. J»-momo X

QDN | WAV NIfALamam -~  — - —




/

T V8 s
odin vis

(]
Reell vis

"
STA. He23

STA. 11450

00ett VIS

B & c20i vis W
£

. m..m

]
F " 1 aae01 w18 MMM
0940 wis

i — _ 'T1 1 \ G0 vis

R0 vis

.
\ 0! vis
+ N Wit vi8

W61 wis

e g

0+83
|
—4—
STA. 10489
¥

N

N~ \!\

Ik

LELL) AEEEEE

CTPASTEEINT OF Tnf GTEWOR

——— TN FLLETS
— — - WDOUT FALETS

NOTE
ALL LORGITUDMRAL PROFILES TAKEN ALORO §

AL SIETOG ARE TAKDN UG (KEGTEEAD

TEST SP-CAD-3
OISDWRTE « S4,000 CFS
NEAD OM GATE =400 FT

vis 1 T I sowas




PLATE III

A. ALTERATION TO PRODUCE B. DISCHARGE 55,000 SECOND=-FEET
HYDRAULIC TUMP, HYDRAULIC JUMP FORMS BELOW PIERS,

E.) CATE &ECTICK

PIERS 9 “BET TFICK.



concarn was felt for it., The last of the tests were nade with a
left nool wall which matched the right wall as mentioned ahove, and
thzn fell back to a 1/4:1 slone downstream of the pool,

Type and Location of Sill

Most of the corparative tests of hydraulic jurp :.ction and
cur were made with some forin of dentated sill; either a straight
ntozk-type sill, or a dentated sill on top of a rectaurular sill,
5ts showed that a Rehbock sill about 1C feet high was not as
cflf=ztive as a smaller dentated sill 5 feet high, on tor of a plain
5-Toot rectangular sill, This latter type sill pres<nted morc flat
area for impact of the water, and permitted less wat:-r *o pass

nroush the openings. A low dented sill, 5 feet hirk, 1laced on the
pool floocr, gave ahout the saize scour picture as wher it was raised
from the floor =- except that it scoured deeper at all »oints. Thus,
s s5ill on the floor would demand & deepsr cut-off wzll At the down-
stream end of the pool, It was thought to te cheap=r to reduce the
depth of cut-off wall, and raise the dentated sill by »nlacing it on
& rectangular 5ill. One run was made with extra tlocks nlaced at
tt2 end of the dentated sill te see if th=2 erosion wihich accurred
clos: to the walls could te reduccd., The effact was narlipirle, as
1wy te 3een fror plate XII,

IS A

D Q

o

Q|
50

{

he sill finally choren was n dentated sill  fe«t hisgh,
:l:ic2d on a 5-foot high rectangular sill, as shown irn firmre 10,

=t

Trianpular cills plniced either with the vertical fuace or
viith the sloping face upstream fave fair results, but uct as satis-
factory ag thz dentated sills,

A diffuser sill was tried in two different locations; once
st th downstream end of the pool in the same location which was
ohooon for the dentated sills, nnmé again at the upp:r o d of the
ool only very clightly downstrear. at the foot of the s5lo.e, In the
firss position the action was very similnr to that of L1~ dentatad
2ille Pluced close to the slour, the diffuser sill cruwred very great
cormotion and a secondary hydr:ulic jump, together wit™ considerable
SCOUT.

Aft=r trying the dentnted 3ill in various rositions, it was
dzcidnd to locate it 113 fect downstrenm from the bher inving of the
horizontal pool floor., With the sill ut this position, the hydraulic
jw.p forred well, and scour was not at all excessive, 'f'est 46
(vlate V and figs. 10 and 11) illustrates the excesnive erosion which
m.y ne expected with & stilling pool having: no sill or anron, and
tust 40 (plate VI and figse 8 and 9) shows the resialts obinained with
tie sie: pool plus a dentated sill.
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A, BED BEFORE ROUN.

8. DISCHARGE 55,000 SECOND=-FEET.

POOL WITH NO SILL.



A, BED BEFORE RUN,

B. DISCHARGE 55,000 SECOND-FEET.

C. BED AFTER ONE HOUR RUN,

POOL WITH DENTATED SILL
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FIGURE 10
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Stepped Apron

Runs were made both with and without steoned aprons, or
"step=-offs" at the bzginning of the pool., Various heirhts of stepped
apron were investigated., [t was noticed that a hizh apron produced

a less foamy jump than a low #pron. A low apron, on the otwoer hand,
secmed to induce a better looking jump than 71 smooth pool (no apron) .
There was little difference in the scour produced, either with or
without un uapron. A low apron, 4 feet high, was incormorated in the
final design.

Tests 41 and 42 (plate VIII) compare the results ottained

with high and low aprons, and tests 40 and 42 (figs. 8 and 9) show
similar pools with and without an apron,

Effect of Sand Size on Scour in the Model

Scour tests in the :nodel were made with coarse sand at
first, The question arose whether or not th« use of finer sand in
the model would show a different scour pattern, and so the coarse
sand was replaced with building sand., Further tests showed that,
althou¢h the absolute scour was net exactly the same, with the fine
material, the pattern was very similar. Inasmuch as it is not safe,
as yet, to predict the amount of scour to te expected in « prototype
from model tests tut only the general location or pattern of scour,
either the coarse or the fine sand gave a propar indication, Psy-
chologically, perhavs, th2 fine saznd is to be preferred, for it
makes the absolute scour slizhtly greater, and accentuates the need
for proper precaution,

Test 43 (plate VIII and figs. 8 and 9) shows thz scour
obtained with fine sand in contrast to that given by coarse sand
shown in test 42 (plate VII and figs. 8 and 9).

Saw-tooth Pool Floor

One test was made with a pool having a floor similar to
a saw-tooth roof, with ths sloping faces upstream and the steep
vertical drops on the downstream side., Jt was sugzested that the
roller which would form in each of the pockets would ~ontritute to
the energy dissipation and would greatly reduce th+~ rottom velocity
which produces the harmful scourins, The resultant scour was atout
the same as that given ty the conventional pool, and the jump @ction
looxed much poorer, Plate I and test 45 (fig. 10) illustrate this
pool and its tehavior.
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A. BED BEFORE AN, LOOKING UPSTREAM. B. BED BEFORE RUN, LOOKING DOWNSTREAYM.

C. BED AFTER RUN, STEPPED APRON D, BED AFTER iIN, STEPPED Al oUN
7.9 FEET HIGH. 4,3 FLET HIGH,

PCOL WITH SITL AWD [ THDFED APRCM,



A. BED BEFORE RUX 8. DISCHARCE 55,000 (ECOND-FEET.

C. BED AFTER ONE HOUR RON. D. BED AFTER ONE HOUR RUN, SAND HAC
HAD COARSE GRATNS STEVED QTT,

SOOTR WTTH SAND IN TATLWAY (COMPARE PLATE VII. C).



A. 9ED 3EFORE AN,

3. DISCHARCE 55,000 SECOND~FEET,

C. BED AFTER ONE HOUR RUN.

PCCL WITH SAW-TCCOT ¥



Pressure Measurements on Step and Pool Floor

Piezometers were instrlled on the verti~al fnce of the
stepped <pron, and along the pool floor, as shown in fi;ure lZ, «nd
observution made of the pressure, with four different discharges.,
The results are also shown in figure 12. The plots indicnte menn
pressures, There was considerable fluctuation in the piesometer
tubtes 6, 7, 8, and 9; some fluctuation in tubes 5, 10, 11, 12, and
13; and little fluctuation in the downstream tubes 1, 2, 3, and 4,
Because of the small size of the model, the large amount of air in
the water of the jump, and the complication of rapiily fluctuanting
pressures, too much significance should not be attached to the
numerical velue of the pressures obtaincd in these runs,

H, FIN.I. DESI@GN

The final design of stilling pool as evolved from the model
tests was substantially that shovm in figure 6. It included a
stepped apron 4,3 feet high, n Rehbock-type dentated sill 5 feet high
placed upon a rectangular sill 5 feet high and at a distance of 113
feet downstream from the step of the apron. The top of the pool
wall on the right was at elevation 5367, and extended downstream to
sta, 8+07, and then dropped off at 1-1/2:1 to meet the riprap down-
stream of the sill. The pool wall on the left matched that on the

rieght, and dropped back to d 1/4:1 side-slope excavatsd in the hill-
sides ‘ .

Tests 42, 43, 47, 48, and 49 (plates VII, VITI, X, XI, and
XII), -end figures 8, 9, 10, and 11 show the design 'nd hydraulic
action of the final desizn of pool.

I. NARRO" POOL

After extensive studies had been made on the pool with a
width of 150 feet, a narrower pool of only 95 feet in width was

trieds This required & much decper pool for the same tailwater
elevation and was not economicnle.

J. FLCTT THRCUGE TEE GATES

A series of tgsts wnas mrde to determine the coefficient
in the formula Q = CLH372 for the dischorge through the sates, where
Q is the dischnrge in cubic feet per second, C is a coefficient, L
is the total net length of gate orenineg, nd H is the “ei; ht of the
ener.y line (4 + XE) above the ante sill, measured in the channel

just upstream frox%g the gates, Iieusurercnts on the Alcove gnve a
resuls, Q = 2.85LH3/2 (fig, 13).
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A. BED BEFOHE RUN.

B. DISCHARGE 40,000 SECOND-FEET,

C. BED AFTER ONE HO'R RUN,

FIRAL DESICH.

PLATE ¥



A. BED BEFORE RUN.

B. DISCHARGE 20,000 SECOND=FEET.

C. BED AFTER RUN.

FINAL DEEIGN.



A, DISCHAXGE 10,000 SECOND-FEET, 8, BED AFTER ONE HOUR RUN,

C. BED AFTER ONE HOUR RN AT 55,000 D. BED AFTER ONE HOUR RUN AT 55,000
SECOND-FEET; SILL WITH END BLOCKS, SECOND-FEET; SILL WITHOUT END BLOCKS.

FINAL DESIGN - EFFECT OF END BLOCKS ON SILL.

IIX dLVId



= 9= k-

-25'8* -25-8* -25-8"

T - 1 17 W

P

Q:=2.85LH"S
Q = Discharge in c.f.s
L = Net length of openings =77 feet
H = Depth of reservoir above
gate sill.
W = Total width at pier section
= 95-0"

% = Percentage opening =0.810

HEAD IN FEET

50

45

40

35

30

25 /

20
20,000

30,000

DISCHARGE IN C.F.S.

40,000 $0000 6Q000 70000
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CASPER ALCOVA SPILLWAY

HEAD-DISCHARGE RELATION THROUGH GATES
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Bracing of Gate Section

Tests were made on o modified design of the gzte structure,
in which braucing, stiffening, counterforting. for the side walls
was located inside the channel rather than outside. This expedient
would save a great deal of excavation and expense, The tusts showed
that the inside bracing, as proposed, did not affect the flow
through the gates or raise the pond level at any dischar-e,



AT




LOG OF TESTS = CASPR=-ALCOVA SPILLVAY

>

- Test Ciscrarge (Steped. 1 i ' ) '
Run ¥o.'Seo, ft, | Apron . cill | Ri-rt -nc! “iall | Description of set-upj ‘Remzarks
_ Tests 1 to 13 vere made with a stilling pool £0. feet wide
1-CAP-1 | 54,80C none 1C0.5' Rehbock at Original design iPool looks grod,
- Sta. £+21-17/2 l
1-Cc4D-2 | 54,&cc " " " " | Lower tailwater t}fari 1-v:Dh-1,
| . Pool looks gocd, flow sm-oth-
|2-CAD—1 4,75C " : " ! 'whlrl ir left :alf of pool.
|3-C£D-1 54,800 " None i Bare ponl, ns i1l ;Not as good ar with sill,
e :
|4-Ct5-1 | 24,80C " " ! Original design -"hirl in oool,on both sides, i
'5-C£D-1 £5,C00 " 1C.5' Rehbock at!n.yte*”" o Sta, !: Tailwvay widerned to zddy at downstrew:. end of '
, Sta, 6+40 j+50,vertical end ! simulate prototywue rlg ht=hand wall of still- i
: | l { I river bed ing pool, Flow othervrise !
| l ; !s atisfactory. l
, ; ’ ! | i
6-C£>-1 | 55,CCC " " ; " i Curved metal vali i¥low similar to test 5, !
: ’ i dowmutrean frorm ; |
, : ! pool,or. left to .im- | !
? | | nlate t'e hillside i |
) ) | |
- _ ; - - I
!7_{”_ -1 i 55,0CC n " " I Same ws T-010=-1,en-~ !T r betier than test 3J. I
! ' : I [ i i cent curve ..f reual !
| ' I : © wall vas oltered
i - ' _ .~ | I . } - .
g-ri=1 i 25,070 " l " ~Lxteniz to | Sirilar o S=0i0=1 tlow siriiar to test 5.
: i iStae. 8+65 i except for shorten- g
; l. | ing of right wall ,
j a
9= =1 55,00C i " ', " Stoﬂs at 7+20C; ' Right all entirely i Large eddy forms in river
i ! ' ' Low: wall 175.5¢ ] re-oved exce~t for bed and irater flows irto
; | vig gh  rom 7#20 low r'm 10.5' high xpool fror. right. Very Frad, |
' ! +o 1+R5 ’ - L

T Stati.rirz given ‘s upstrear edge of sill



- Test & ,Discharge;SteppedI . i : | | '
. Rur No.' Sec.ft, ' poron 3ill” i Richt iVocl Wall | Description of Set-upi Rerarlks ¥
| N : ! : T T
: i . ' - _ . .. - l
:10=CaD=1 55,0{C ' Ione ilO.S' Rehobecis at, Lxtends to ”+8C fuil ! Eipht wall acded ! Better than test 3, but i
| i ; Sta. 2+1C +height; 1C.5% high | ' right all still too short. |
| : ! i Lo €+55 l ' S
| L | ' | { !
|11-CAD-1| ss,cce 1o " ! ' i Curved let wnll acded ! Similar to test 10, l
l ! ; | | ‘ac o ir test € i
’ | | I ; i 1 I
ilZ-CAD—l| 55,000 | ™ | " Extends to 8+28 full ! iight -;all lengthened | low better than test 10; i
‘ ; i '  height; 10,5 high | curved left wall ! no water flowing into side
' I \ | ito 3+65  retained | oi' still ing pool, '
| : ! ! ; !
ilS- nD-ll heE,0cC ot " ! " : " * Surved left wall re- | Flow good; small eddy at en J
P ! i - moved __ oi' right wall, |
] ' A
i Tests 14 to 54 and 58 to 82 wre mol. with a ctillin® nocl 1A7C! wide J

Yore |5 25t Rehhock at:

!14-C£D-1| 55,C0C
l utao 8+uu.5

Extends to &§+47,8

' | | ,
) | !
| | | : | | |
pS-CéD-ll 55,00C " i " . Dxtends to 8+47.5  Sand mlaced belcwr pocl! Erosiorn around end of right
| i | | but dovmstrean end Ito represent natural | wall, ?
i l | | i cut off at 2:1 | topography and r:ver- i
' i _ ' " ted ' '
| i : , i !
N5-¢£D-1! 55,000 ! " l " ' Extends tc 7+SC at iSand removed ,below + No scour below sill or a
| E : ' £l. 7377,drcns 2:1 rocl, to £l. 5330 I erd of right wall; a sand.
i i ‘ i to orlg I i tank formed dovmstream, to
i l ' E | | 11,5344, |
i i . i 1
‘P7 -C4p-1j 85,000 + " 10.1' Rehbock ot ’ " ! " | Sinilar to above, less !
5 i - ; ; Sta. s*Z2 i | i erosien. f
t ! ; i |
ﬁ8 CAD-l' 55,00C : (.25 None 5 " | " ! Bad scour at end of pool
L ligh | and around right wall.

I staticniné given is upstream edge of sill.



“Test & Discharge [Stepped;

| Run No. i Sees ft, |

1
Apron | Gill

Right Pool Wall

Description of Set-up

[ Remarks

1

d

'13-013-15 55,250
o

i i
20-CAD-1i 55,250
| .

| !
121-C4D-1 55,000
|

|

22-CAD-1  55,C00

23-CLD-1 55,000

24-0f>-1 §5,000

|

gz -C/2-11 55,000
‘ c i

;6.75'

high

5.25?

" high

" None

. 10.5' high,

Sta. 8+35

. Triangulat sill

© 5,25' high,flat |

face upstream,
. at Sta.8+35

10,5" triangu-
lar sill,flat’
face upstream,
at_Sta., 8+32

5.25' Rehtock at Extends tc 7+S0 at
"El, 5377,drops 2:1

to 9+18

l
|
|

15.5' wide tri-

, angular sill at
' 8+32,sloping
- face upstreanm.

5.25' Rehbock
' on a 4.9' plain
' s8ill at Sta,
8+24

None
.5.25' Rehbock on

‘an 8' plain sill :
at Sta. 8+35.5

n

-1

!
|
|
i
I

Sand remcved, below
pool, to el, 5330

No scour below sill or aroun: %
rizht wall; sand barnx formed
downstream,

Sane as test 19.

Not quite as good a laycut
as test 16,

Very similar to test 17,

" Not as gcod as test 22,

Practically no erosicn.

Excessive ercsion, right
wall undermined.

Similar to test 24, iwater
surface in pocl rougher.

T Stationing given Is upstream edge of sill,

3.



. Test & ; ﬁIscHargeigieppedf 1 f . :
" Rup ¥ou Sec. ft. | Apron Sill ; Pizht Pool Wall Description of Set-up ! Remarks
,f27-CJDuI 85,000 : None !5.25%' Rehhock ar' Extends to 7+80 at : Curved wall put ir topo- " Very li-tle erosion,
o ; ! © 'a 4.9' plain i Ble 5377,dreps 2:1 °  graphy below prol, on left
i ‘sill at Sta. .at $5+18 :  side, up to existing
: - 8+35.5 ‘ : ground surface
. T ' ' . ! . ;
!ZB-Cﬁ.Dol5 55,00 ' " : " - Extends to 7+80 at - e Similar to test 27,

; ' El. 5379,thence
. - , 13:1 to 8485

i - -

29-C£D-1 55,000 = " Came as test ' Same s gt 29 No excavation in tailway  ibout the same as pre=
i - " 2. ‘ . of pool, natural hill "vious runs.
i‘ covered to rrevent
| ! 7 : _ erosion
| : | |
130-c4D-1 S55,0CC ¢ " " " All natural tovogranhy Same ,
: formed in sond :
o , ‘ ! ’ - . o
‘31:CAD-1' 65,260 " Same sill, at ' " Similar to test 30.
: i : ~ Sta. 8%23 A ,
LZ-CAD-I 55,30C " . Same sill, at " Slightly more erosion.
‘ Sta. 8+11 .- ,
|33-CAD—1 §6,000 : " Same sill, at Extends to 7+86 at New LO.ER TATL.VATEF Very little erosion,
, . o Sta. 8+45 El. 5379,thence for this and all sub- ' i
! o : 13:1 to 8+91 © sequent runs !
. . . il .
'34-CED-1 55,000 " Seme sill,at " . Little erosion.
| Y o "Sta. 8+31 .
'!35-CA:-1. 55,200 " '  Same sill, at  Extends to 774 at | ' _Ibout the same.
' : Sta, 2+13 El, 6379, thence ;
I . ey | 11:1 to 8+79
(I 1 fstafioning given is ﬁpstream edge of sill,

4



- Test &% xDiseharge;Stepned

| Run No.,Sec. ft. , fpron - si11! Right Pool 7all .- ' Description of Set-up Remar'.s
€-CAD-1' 55,000 ' 7.5¢ ESQme 5111, at: Extends to 7+92 at El.: Both walls cut down to Erosion about the save,
i  high .Sta, 8+13 5364,5, thence 11:1  lower elevation , water splashes over szill-
l ; ? ‘ . to 8+75 ' + (5364.5) ing pool walls,
; .

!3;-CAD-1| 55,000 . " Seme sill, at Extends to §+08 at Long (3 hr,) run produced
I ' Sta, 8%33 El, 5365, thence slight holes near wallc,
| : 12:1 to 8+93 Velocities in pool meas'r-
' : | edo .
|37-CADb2] 55,000 None : " : " i Check velocities tcken
138 PAD-I' 55,000 None .As before  Same Pool has been dronped Velocity reasurements rade
, i to give higher made in pool,
I \ velocities,
I 9-C 55,000 " " " .Stilling pool raised Velocity measured in pcol,
| slightly.
| - JiD-1' 55,000 " " " Check run on 39-CAl=0
:SQ- D=2 55,000 " " " * Check run on 39-C/D-C.
40-S,D-1" 54,800 " " " Same as test 37-CiD=2 Erosior slight,
41-ciD-1 54,800 7,9t " ! fhout the save.

kigh
42-C49-1 54,800 4.1 " " Erosion less, woter qieter

tigh then test 41.
43~ !/7=1" 54,800 " " " Finer sand used,having , Erosiorn slightly greater,

some cozarse particles but in same plac=ss as
before.

Com

1 Stationing given

is upstream edge of sill -

5
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Test & Discharge Stepped .

Run Noe ' Sec. f't.! Apron Sill Right Po»nl «all ' Descrirtion of Set-up Remar!-s
‘ : ; i
48-CAD-1. 55,000 : 4,1' | As before Sams Finer sand has had conrse Same.
. high ’ ' particles screened out
44-C2D-1, 55,000 | Hone " " Same.
145-CAD-1 55,000 i Floor of pool made up of saw-tooth-like steps, 3IC? loné ard @' high Erosion similar to test
' i Right wall extended to Sta, 8+45 at &l, 5569, thence lwm:l to Sta. 43-CAD=2,4
© 9430 ' '
46-CAD-1' 55,000 : None ' None Extends to 8+07 at . Both pool walls alike; Scour very bad,
; ; ' El. 5369,thence - below pnol,left wall
: ; . 1%:1 to 3+93 Jells leel to L1
. [ !
47-CAD-1, 40,270 ' 4.1'  5,25' Rehbock " Sare as 43-C/D=2 Very little erosion.
, “'hirh | on a 4.9t '
j | plain sill at
, . Sta. 8+33
148-CAD-1 20,020 @ " . 2.25' Rehbock Extends to 8+07 at  Same as 43-C.1-2 Llmost nc ernsion,
- ; ) \ . on a 4,9' El. 5369,thence
* i plain sill at 13:1 to &+93
. ' ; 8+33
' ! i
'49-C/D-11 10,060 ' " : " " " Neglirible rrosion, Un=-
' ' f E equal gate openings
; caused whirl in pool,
550-CAD-1; 55,000 Tiet-up.similar to test 45, but sew-teeth sloped upward © Jump did not stay in pool.
{ - .
' ; : : :
;51-CAD-1- 55,000 4.1t .57 Rehbock " Slight holes eroded near
_ | : “high at Sta, 8§23 walls,
I : - plus end
blocks

1 Stationing given is upstream edge of sill,

6



1

- ——————— — .+

El. 533589,thence

higk 'blocks :
13:1 to 8+93 : |

" Test &  DischargelStepped’ 1 i , é
Ran No.  Sec. ft. ' Apron | Sill | Right Pool Wall . Description cof Set-up Remmarks
i ’ i ‘ :
52-CAD-1. 5,000 ' 4,1' .Same without end: Extends to 8+07 at: * Mhout the same,
i
|

53«CiD-1: 55,000 | " 4,7t Rehbock on ! "o ' . Slight holes near walls,” -
: f ~ a 4,7 nlain ' ' : :
f : ~8ill fine teeth |
i

i ‘at Sta, 8+33
i i

" : ! Similar to test 53,slightly

54-CAD-1. 55,000 ! " 'Same, e xcept
i less erosion,

i : teeth are
Iwider

55-CAD-1j 34,70C - This test made with a pool only S5' wide, erosion
' ‘excessive, and very high tailvrater req-ired,

86-CtD=-2 55,000 : . Similar to test 55, but worse,

56=CAD-1 55,000 ~ 4.1' 4.7' Rehbock on ; Same as test 5% Pressure measurements in
: , high a 4,7' plain | ‘ - stilling pool.

-§ill,wide teeth,: '

at Sta, 8+33 '

i !
57-24£7=1. 55,000 : : i ‘ Measurements of head on
to ' “to I : ! . : . gates and discharge,

.7 30,280 ! l
58-C/D-1 54,545 ? Some as test 54 « CAD = 1 : . ' Pressﬁfe measurements in
to to ! _ , : stilling pool. S
4 20,150 . ; '

: MeéSu:emhnté of head on

5¢-C.D=-1 €0,000
. gates and dischar.e,

to to
6 12,400

1 Stationing given is upstream -edge of sill,
' 7



Test .: Discharge, Stepped;

s

| ! . :
Run No. ! Zec. ft.; Apron | 8111:L t Right Pool #all : Description of Set-—up‘! Remarks i
* T T T 1 v —
, ! . | ; i '
60-CA -1+ 55,400 , ! ! : ' lieasurements of profiles
to to | ? ? : down chute.
5 . 10,0CC | : | ?_ :
i ' : -
i ! ! . |
61-CAD-1{ 55,00C ' 4.1t |Diffuser sill [ ¢ Similar tc results cbtained
| | hign 10 high at | | with dentated sill,
i i !Sta. 8+36 | i l
3 i !
€2-CAD-1, 55,00C ! " | Diffuser sill ! L | Excessive beil in stilling
: ; *1C* high plac- ‘ pool and bad erosion below
i ' 1ed immediately | pool, i
| i below apron i ! ; :
: | : | ! |
SP-CAD-1; . | | ! Measurements of flow through |
to ' ! i i . gates and profiles, for ;
7 : ) ’ { various set-ups, §
1 Stetioning given is upstream edge of. sill,



