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A. SUT-'MARY 

Lat-oratory studies J"'lf'lde on a scale model of the proposed 
spillway for the Alcova Darn s howed the original stillinr pool to 
re too wide for best operation, and demonstrated the hydraulic 
S'J.periori ty of a narrower s tilling pool. 'l'he model st11rlies also 
denonstrated that the gates as originally planned wel'·: not larp:e 
c;,nonf::L to pas s the_required flow v;ith the pond at tlrn ·.1a.xinurn 
Allowable level. The gates and piers were rPdesignBd to correct 
this condition. 

Tes ts of the stillinf pool also res ulted in An improved 
desi1:;n. The model s tudies thus brought about a subs tantial s aving 
in cost, and ins ured both s atisfactory and safe operation. 

B. PTWJ�CT 

The Alcova Dam of the CRsper-Alcova Project on the North 
Platte River will be just south of the town of Alcova., ·,yomin?:, 
( fig. 1). It is an earth- fill darr., and the flood f10w.3 will be 
pas s ed by a gate-controlled 0 1]en spillwLy situated in the valley 
w;:ill at the north end of t�e dam (fig. 2). The spill.WRY is de­
sir,ned to handle a maximu..� flood flow of 55,000 cubic feet per 
seconcl. Three stoney gates 25 feet 8 inches wide will adnit water 
to t:1e channel, whfoh drops 150 feet in a lenr.;th of 'l(,:; feet, and 
increas es in width from 95 feet at the gates to 150 feet at the 
stilling pool. A model of th,1 s :1illway was built and tested to in­
sure satisfactory opfiration and to investigate the feas foili ty of 
proposed economies. 

C. LiJ30I'ATORY 

The Denver hydraulic laboratory of the Bureau of Reclmna­
tion is in the basement of the Old Custom House, 16tG Ar.d Arapahoe 
Streets, Denver, Colorado, ( fig. 3). A 6-inch centrifucal pump 
havi�g a maximum dis charge of three cubic feet per second delivered 
w::iter to the forebay of the model. The water then t'lo-.md over the 
model, er:1ptied into a s heet-metal return flume and wes carried back 
to a 9C'- degree V- notch measurinf vieir. After pas tir.r_ tlis , it was 
recirculated by the pump. 

During the tes tinb of the model, members of the des igning 
staff had ample opportunity to visit the laboratory and obs erve the 
model in operation. This s ituation was conduoive to clos er co-

. ordination of the construction a�d hydraulic f eatures of the struc­
ture ond led to a des ign superior to that which would have been 
produced ry either organization operating independe�tly. Due to 
the 11rgency of obtaining a satisf actory design in a minimum of time, 
the tes ting was conducted two shifts per day by crews each consist-

1 
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ing of one Junior Engineer and two laborat ory assistants. 

D. UODEI 

�he Al cova spil l way model , constructed on a scale ratio 
of 1 to 72, incl uded the compl ete spil lway f rom entrance in the 
roservo·ir to discharge into the river bed ( f ig. 4). Ti·.e model was 
built of wood and lined with  sheat metal . The entire stilling 
pool, except during the first f ew tests, was set in a l arge sand 
bin, which facilitated changes in the model and enahl ed a thorough 
study in the various layouts of the expected scour helow the l ined 
stil l ing pool . To off set the rel ativel y greater rouE_!hness of the 
model, its sl ope was increased sl ightl y over that of the prototype, 
in accordance with computatipns based on Manning's forrrrul a and the 
l aws of simil itude. Vel ocities at the entrance to the prototype 
stil l ing pool were calcul ated, as suggested by the design department, 
by assuming that the vel ocity head at that point woul d be 85 percent 
of the total drop f rom the reservoir l evel .  Cal cul ations f or the 
model were based on a Kutter's ruw of 0.010. This was found to give 
actual model vel ocities too smal l ,  and the slope was further in­
creased until proper vel ocities were obtained. The f ail ure of the 
calcul ations to predict velocities accuratel y was probably due to 
the very s1:iall absol ute depths in the model . 

E. ORIGINAL DESIGN 

The original design cal l ed f or three gates 25 feet wide, 
saparated by piers 10 feet thick (f'ig. 5). This design required a 
42- f oot head over the gate sill to pass the maximu.'ll dtscharge of 
55,000 second- feet, instead of 40 f eet as expected (fiH. ?, test 
SP-CAD-1). 

The original spil l way fl ared to a pool width of 200 feet. 
The hydraulic jump forming was very shall ow in comparison with the 
width of the pool, and at smal l discharges a large whirl fo'.!'Ined 
(plate I). Due to the unsymmetrical approach to the gat�s, the f'l ow 
through them and down the spil l way was also slightly unsymmetrical , 
and the whirl in the pool rotated invariabl y in the s<'tr.1,;:, direction. 

Tests were made with diff'erent conditions downstream of the 
pool to see what influenco they might have (plate II). In test 7 
a metal wall simul ated the hillside on the l eft of the tail way, and 
in test 9 the right wall of the pool was shortened •. The former test 
reveal ed l ittle, and the l atter demonstrated the necessity of thor­
ough l ateral confinement 01' the jump. 

The f ew tests made with a pool 200 feet wide showed con­
clusively that it should be narrower for best hydraul ic performance. 

5 
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PLATE I 

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

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

ORIGINAL DESIGN OF STILLING POOL - 200 FEET WIDE. 



A .  FALSE VIALL �IMULATE� HILLSIDE . B .  DI SCHA BGE 55 , 000 SEC ND-FEE': 

'.) .  DISCHARGE 55 , 000 SECO'.ID-FEE': . 

'.'/, ::TI?.TIONS OF  ORIGINAL POOL - 200 FEET WIDE . 
H 
H 



F.  REVIS�D IESIGN 

The s truc tur e was then rede s ign ed : the (!,'1t is s  r · erc1  enl arged 
to n ·, ; idth  o f 25 feet e ight inch es , the p i er th i c krv:, s s  � .-as  reduc ed 
tror.i 11) feet to  9 feet , and tho st ill i n[". pool was narrm-, ed to a 
'l: idth o f  150 feet ( f i g .  f; ) . The chang e  in t he gat es -hcr2as ,3c the 
ruuu i red head fo r max imum di s charge to 40 f eet ( f i r.z: .  7 ,  t e st  
SP-C1-.D-5 ) ; narrowing t h e  pool  grecJ.tly ir:,pr oved the  act  i on  of  the 
j w ·! :J and effec t ively re:uov ed ull trac es  of wh i rl in.; . 

In  an effor t t o  mnke the fl ow i n  the  s'.') il lvrn.y symne t r i c al 
a;1d 0cil so t o  smooth ou t tho d i s turr anc e gene rat ed by t h i=; p i ers , t em­
porary 2.lt crat ions were r:iade in t h e  1:1odel  to form an hydraul i c  ju:np 
j u ,; t h elov: the p iers  ( pl at e  I I I ) . The p i er d is turb anc e d i s app eared 
hut tLe  flovr in the s p i llvny rema in0d s l igh tl y unSY!'.'::-,etr ic al . Be­
c ::1u s P,  of  cost  cons i d.:::rat i oas , t he use of  un  hydr:-,ul i c  j wnp i.Imr.ed i ­
ut l:!ly r elo ·11 t h e  p iers was ar andoned . F i gure 7 ,  t est 3P-CAD-3 , g ives  
r ;  prof il f.: o f  the  j u:np just  telow the p i ers . 

G .  C:Of rr:'Ail;,'IT!E ':'ESTS O? V/:JUOT13 POOL Ll1. Yl'.'UTS 

.\f't 8r •Jnl ru'[-' in : ·  tl, r? .";at'fJ S s o  t h rt t  t i-. ey hnr1. s•.: ff' i c i ent 
0. t : i �t ·::: i ty , und l i ir. i t inc  t !.B pool vd dth to '1 vnlu ,:· g i v i n  · r :oa sor.nhly 
'�0 0d ,; t i l l ing -3'.'-1001 :1c t ion , sur- s e : 1uent s tu 1 i •, s  were ;-;r• r\ ,� in  an tffo rt 
to  d e r, r t; [, s ,1 t h, ;  1 .,n12;t l i  or the pool and rc cluc , ,  t:1 e ero :_; i on dowr: s t ream. 

Lnnp-th of ·:.ral l on .r' i , rht S id t--] of Pool 

T.he s t i ll i r1 1  pool is  s i t : .. w t ,�d nt t h �� 1o�·m :1 t r . ; :. 1:·. to , '  of  the 
ri ' .t: · , , < ! : �cl t h 8  r i r.!l.t  w :.t.1 1 o f  t h ,01 ;1 001  .: i l l s ,  rv • . .  ' 1 ;;� :i l' ·": c- " in in t-� wall 
fo r t 1 · '" •. ;rr: h i :nk;,.c.,n t ( f i g . 2 )  • In  ord. e r  to d ,., t •.: r� �, i l� � t ' i e  ·-: i:� i1m1;:-: 
l ·. 1wth or t l: i s wall co n :_; i s t •mt wi t.h  s ;.:fety from scour fr, ,  :-1t t L..:> t o P.  
0 1'  t • 1 , - < l ti.� , s ,�v er ·il l 0n1-� t hs o f' vrn l l  Vl t, r '- '  i nv ,, st L".a t •! (1 i n  t. l . e  u.od ,Jl . 
I t  vns fou :1,l tha t : :  �; l:o rt ·Nnl l pr ·c d.1 1 0. <': <1 v ,�ry poo r h: 0d r· · 1 ; ; l t c  n,ondi -
t. i o n.,; : ·,-mt ,:ir  flowed 1 1 lonr  t r. c, t o ,: o f  t h , .  :l · n,: an 1 Pn  � .  T · ' : ( l ; c  rP ;.: i or. 
of  t : 1  j t1!:1p from th ,., s i i c , 11 c , ·o :� :� th , slop i n r:  t' '1d 0 1' t h •  ::; t: i l l i ng­
pon l  v,al l . Fl ' i t e  II  ani p l nt IV s i lo\, t i .  i s  to h ,:) t l : , · :� · 3 "'• •  Th..-:: 
i nfl 1.n: o f  wc.t er from· th , s i d e  J ri t r '. r.f.' • )r 1 ·' ,l ·.vi th t h e·' (J l '(J :' ' ! 1 ·  ··, c t  i on of  
t' , j urnr1 , :md formP ri n l nrf'. C  w! i r ' l  or  eddy wh i ch S 8 0U ! ' ' , · tL � : · i v F1r 
1-, orl n , �ur th e t o e, of th e d :, : : 1 and at t h.: lowc· r ,; nd  of t ; , J  pool wnll . 
Tl l o  tests  i nd ic r,t ed tL nt  a v1 ·:1.l l c,).. t e; 1 d inr  t o  s t n . 8+ (� 7  : • t  fl l , ·vat i on 
f:) :_56 7 , u..1d w i th i ts dovm:1t r ,:i ; 1..m end  s l o p i!w: o ff a t  1-1/2. 1 o 1 would 
hP- sat i sfactory. A 2 t o l slo!)rl  c1 t  the lower e :-id of t l : ·  ; · i ; 0ht wall 
wn . : : i l so t r ied , hut s e e;m;d no r e t t er th : rn th ti s t e e 1) 1 0 1 ·  :, lo " P ,  cmd wns 
ah , 1 1 : 1 on /'3d b 1;;c -:iuc ,3 of i t :::;  grH �1 t •-: r c os t  for tte sn ne t o p  l e ngt h . 

The l e ft wall was v r� rt i cal nnd ex t end ed f: . .n· j, pyond the  
s t i l l in 1 7 pool  for  thu mn j or i ty  o f t hti te.st �1 .  It  w:ls ,r n,:1 ers tood t hat  
the  g1·ow1d in the reg i on would  not  erod e rend i l y ,  nnd s 0  li  t t l A  

1() 
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A. ALTERATION TO PRODUCE 
HYD RAULIC JUMP • 

. 1.EVI [  [..; c.u.r:-E f.,E'.;Tic}: 
PIE �S 9 "'E�T TFICK . 

B. DISCHARGE 55 ,000 SECOND-FEET 
HYDRAULIC JUMP FOR.IS BELOW PIE RS .  

PT�ATE I I I  



c o nc s: rn was felt for i t . Tt e l a s t  of  the t e st s  ·,-rn r e  r, :a d e  w i t h  a 
l e ft ::iool wall wh i c h  mat ch ed t h e  r ight wQl l  as :nen t ionRd a h ov e , and 
t h -::n f e ll back to a 1/4 : l  s l o:;::i e  dovms t r eam of the poo l .  

Ty-p e and Lo cut i o n  of  S i l l  

:·;lo s t  o f  t h e  c onpri.rat i v e  t e s t s  o f  hyd rau l i ,:: j u:· p : . c t ion  and 
s co 1-1r w er e  mad e w i t h  s ome for,:1 of d ent at ed s i l l ; e i t �1e!' c1 s t ra i ght 
F ehco ';k-tYPe s i l l , or  a de nt a t e d  s i ll on t o p  o f' a r e c t qucu l ar s i l l . 
I 8s t s  s howed that  a RehbocK s i l l  abou t  10  f e et h i gh wns � o t  as 
c :f'f r:. .:: t ive  as  a sma l l e r  d ent at �cl s i l l  5 feet h igh , o n  t o r  o f  a pla in 
5 - foo t  re c tA.ngulA.r s i l l .  Th i s l at t e r  type s i l l  p r e ,Y · n t od r1o rr, fl at 
:::, r9n  fo r i mp a c t  of  thE:; wat er , ar.d p e rr,. i t t ed l es s  wa t - r to p as s  
t :-,, ·our;h the o p en i :�gs . A l ow d eGt ed s i l l , 5 f e e t  h i r·L , � , l a c ed on the 
pool floo r ,  gav e ab out the  s a �:e s c ou r p i c ture  as wh eL it  was r a i sed  
from the  floo r - ax c ept tha t it  n c oured deep er a t  al l no i nt s . Thus , 
a s i l l  o n  t h e  f l o o r  woul c: derr.and n deeper c ut -o f f  W'...!.l l ::1t t h e d own­
s t .:- earn end of the pool . I t  ·H a s  t l1ought t o  be c h,..3 n p •') r to r educ e t h e  
de :-J t h  o f  cut-off w&l l , and r8. i s e  t h e  d enta t Ed s i ll b y  ::il a c  i n g  i t  on 
fa r e c t ani;ular s i ll . On e run ·,m s mad e  "il i t h  ex tre1 t lo r: k s  n l r1.r: ed. at 
t 1 . ''° t=i r:d o f  th s d e�·.t a t ed s i ll tn s e e if  tL-=:  e ro s i o n  ·:;: . i " r  :-i c curred 
r: l o w� t o  t he wal l s  c oulrl \-, P,  r r:i rlu'.! (; d . Th e 8 f f ,; c t  WA S n ·y · l i v i t l e , as  
rr · : y  1- , ,. 3 ':, e n  fror: pl �1 t s  X II . 

Th e s i ll  f i na ll y  r� h o �J; n was n d f', nt a t c,d s il l  · )  fe , . t  h i ,,;,;h , 
,Jl :  c ,-;d  o n  8. 5 -foot h irh r e c t :1 nr:1 1l ar s i l l , 8. S  shown i. r, f i r'1 1r e 1 0 . 

T r i  cnf"u l a r  s i l J  s p l : 1 c crl e i  th'3 r wi th t L e  V ')r t i. � :,l fac e o r  
v; i. t h  t h CJ  s lop inF f n c , \  u ;, st r •: flr", p av e  f r ; i r  r ,� su l t s ,  r, • 1 +- :w t A S  s at i s ­
f :1 c t cJ ry -� t h ,:; d e nt a t ed s i l l s . 

J... d i f fu.s ci r  s i l l  wri s t r i ce d i n  two d i f fe r e nt, l o r: n t i ons ; onc e 
r : t  t 1--, .  '1 own:; t r e run end o f  t h r-; p o o l  i n  t h o  s ame l o c a t i o n wl 1 L e t was  
r: 1>.:, :J ·- , 1 1  for  t r. r� dP.nt at <;d Si l ] 3 1 :·1 •, (! 8.fa i n  H t  t )-i e  Up p • : "  , , r] :, f tr. 1 ) 

1·) rr n l  only V 'H'Y c.l igh t ly dovms t r r,m.  :,, t  t h f!  fo o t  o f  b e  sl o , , r-; .  I n  t h e  
1 � ,· s :� pos i t ion t h8 a c t i on 1 ' 1 :-, s vu·y s im i lr• .::'  to t ha t 0 f  i.: ! - rl e n t n t ,Jd, 
�: .i ] l . Pl uc i:::d clos e to the '" l o: ; ', , thic, d. i f fu s p r  s i l l  c ·:u : · c,d v ery greut 
r:o :  :�o t i on Fl.rid a s8condary hyrl ; · , ·u l i c  j w:1p , tof, e t h fl r  ,:;i t · ,  c o n s i d e rah l e  
.s r: ou r .  

Aft ,::T' t ry i nf' the d P.nt ri t rid a i l l  i n  v :1r i ou s  1 , r:) :.:; i t ions , i t  was 
rl ) ('. i d flr:l t o l o c n t e  i t  1L 5 f' ,Jc t d owns t r e ru:1 fr om t h e  bw i nr_ inr of the 
ho r i zont ::: l pool floor . 'N i t l 1  tLr �  r; i l l  , it  th i s  po s i  t i o,1 , t h e  hydraul i c  
j u.: . p  ro r-r . .  er:l well , n n cl  s :.;our wa s no t a t  all  ex c e s s i v e .  '/E=-J St 4 6  
( rJl ·1 t , .  V and f igs . 10 -ind 11 ) i l lt.: s t r at os t h i:; ex c es : ·. iv , ,  ero s i on wh i ch 
rn · .y .i 1, f:JX [J• ) c t ed wi th n st i l l i nr ·  pool h av i n1 :  no s i l l o r n nron , and 
t ·� :3 t  4r, ( p l n t e  V I  and f i gs .  8 :,nri 9 )  shows th t: rus .i l t s  o b t n ined w i th 
t ; ie  s : c,,� p oo l  p lu s  c1 d 1int 8. t ed s i ll .  

15 



PU 

A. BED BEFORE RUN. 

B . DISCHARGE 55,000 SECOND-FEET .  

POOL WITH NO SILL . 



PL 

A ,  BED BEFORE RUN, 

B .  DI SCHARGE 55 , 000 SECOND-FEET. 

C .  BED AFI'ER ONE HOUR RUN. 

POOL WITH DENTATED SILL 
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3t epp ed Apron 

i tuns  wAro r:mdn ho th ·11 i t h  and wi t hout st 0 on ,;i  npro ns , or 
" st ep -offs " at the' h':jp: inn inr, of tl': e pool . V!ir i ot: s h 1,, i 1 �h t s  of s t epped 
Bp ron WP re i nv e s t i rat 8d .  I t  wos no t icPd  th at a h i ,if! n p ron p ro du c e ::l  
a l e s s  fo nmy j urr,p than a low apro n . A low apro n , O J .  tb r o t "'. -:J r  hrind , 
s e emed to  indu c e  a b et t er lookinr: j ump than ri smooth pool ( no apron ) • 
Thc: r e  wac l i t t l e d i fferenc 8 i n  t h e  scour p roduc ed , ei t�H;r v1 i tr; o r  
w i thou t (,n upron . A l ow apron , 4 f e e t  h igh , was i nc o r;.Jorat ed i n  t he 
f i nal d es i gn . 

T es t s  41 and 42 ( plate  VII I )  comp are th e r e sul t s  at t a ined 
w it h h igh und low apron s ,  and t e s t s  40 and 42 ( f igs . 8 and 'J) s how 
s im ilar pools wi t h  and vi i thout an apron . 

Effect  o f  Sand S i z e  o n  S cour in the  ?l.odel 

Scour t e s t s  in the : nodel werr; made wi th co ars e s nnd at 
f ir s t . The que s t ion aros e wh eth er o r  not t h,: u s e  of f i n er s �md in 
the mod el wou ld show a dif ferF;nt s cour p a t t ern , ::md s o  ths  co ars e 
s and was raplaced w i th bu i ld i ng s an d .  Furth� r t e s t s  showbd t ha t , 
al  thoui'h t he ab s olut e scou:!" was not  exactly  the  s amn , 1,1i t h  th e fine  
mater i al , the  pat t ern was  v er-y s ir.; i l ar .  Ina smu ch 3. S  l t i s  no t safe , 
n s yet , t o  pred i c t  t t. e:  amount o f  s cour t o  b,� ex-;Je c t ed in  a pr-ototyp e 
fro;n mod el  t es t s  t:ut only t h<3 gene ral loc : 1t i o n  or p;:i. t t ,srn o f  s r::our , 
e ither t h e  c o ars e or  the, f in e  s and gave 11 f, !"oper indi c r-i.t ion .  P sy­
cho l og i c a l ly ,  p erhaps , t h •:o fine  s and i s  to h e  pr eferr wl , for i t  
makes t h e  absolu t e  scour sl igh tl y  great f,r ,  ::md ac c en tu a t e s  tLe need 
for propPY' pr •3 c aut i on .  

Test  43 ( plat e  V I I I  and f i gs .  8 nnd 9 )  shows t h e  s cour 
o r t a in ed w i th f ine s and in contra s t  to th :1 t  g iv o:m by co ':lrse s and 
shown in t c� st  42 ( plat e  VII  11nd f' i g:� . 8 and 9 ) . 

Saw-too th Po o l  fl oor  

One t e s t  was made wi  tr. a pool h av i il[  ::i, floor  s ir.. i lar t o  
a s �1w-too tl1 roof , w ith th -3 s lop i ng races 1.1pstream '11'.d t h P- s t eep  
v ,�rt i c nl drops on the downst reru:i s i de . I t  wns s1-.g,:est 8d th::1 t  t he 
rol ler wh i c h  would f orm i n each of tr.e pockets  would co n t r i r,u t e  to  
the  energy d i s s i pa t i on nnd ·.vou ld  gre atly redu c rc,  t�i-c· r ot tom v e lo c i ty 
which produ c e s  the harmful s courin� . Th e resu l t �nt scour W3S a� out 
the s ame as  t hat g iv en t,y the co nv ent i o nal pool , rind th e jUTip ri c t ion 
looked much poorer , Plate  IX and t est  4 5  ( f i g .  10 ) illu s t rat e t h i s  
pool and i t s  b ehav ior . 

,,,.., 
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A. BED BEFORE RON, LOOKING UPSTREAM . 

C .  BED AFTER RUN , SI'EPPED APOON 
7 , 9  FEET HIGH, 

B .  BED BEFORE HUN, LOOKING DOWNSTREAH. 

D, BED AF'I'ER HUN , SI'EPPED A} rt'Jt, 
4 , 3  FEET HIGH. 

POOL WITH SILL AND . '"l::?P�::l AP:iC': , 
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C .  BED AFI'ER ONE HOUR RON. 

B .  DISC:�ARCE 55 , 000 �;ECOND-FEET. 

D .  BED AF.TER ONE HOUR RUN , SAND fL.\" 
HAD COARSE GRAINf' ffi"EVED OTJT. 

SCOTm WTTH SAND IN TAILWAY ( CO'\ft.PARE PLATE VI I .  C ) .  



A .  9ED 3EFORE RUN. 

B. D I SCHARG� 55 , 000 SECOND- FEET . 

C. BED AFTER ONE HOUR RUN. 

PO OL wnii : SA\'/-_ c':" · • 



P res sure Me ::i surerr.en t s  on  S tep n ud P oo l  Fl o or  

P i ez ome t ers W(Ue  i ns t r l l ed o n  t h e  vert i 0 · tl fn r A  o f  t lw 
st epp ed  : ·pron , nnd nl ong the  pool fl o o r ,  u s  shown in f i 1  u r tJ  1 � , : ;nd 
oh s t::irv :-. , t i on made of  the pres sur e ,  w i th four d if forent. rl i s c hnrp:es . 
The r esul t s  are al so shovm i n  f i gu re 1 2 . The plot s ir.ri i c :i t e  mo :m 
pres :Jures ., There wo.s con s i der : ib l e  fluc tu11t i on in  tho  p j  e?. omet er  
tub e s  6 , 7 , 8 , nnd 9 ;  some fln ctunt ion in tub es  5 , 10 , 1 1 ,  12 , and 
13 ; and l i ttle  fluc tuat i on in t h e  down s t renrn tub e s  1 ,  2, 3 ,  nnd 4 . 
B ec au s e  of  the smnll size  of  the model , t h e l nrge amoU!1 t o f  R i r  in 
the wc.t er of the  j ump ,  and the COJTtpl i c at i on of  r np i :Uy f'lu ctu :1t ing 
pre s sure s ,  too  much s i gn i f i c anc o should not h e  att �ch ed to the 
nwneric al value of the pre s sures obtain0d in these runs . 

H. Frn .. <l, DESIGN 

The f i nal des ign of s t i l l ing pool  as evolved f'ro!'l t he model 
te st s  was sut st c.nt i ally th�t t  shovm in f i gur e  6 .  I t  includ ed a 
stepp od npron 4 . 3  feet h i gh ,  :1 Rehbo ck-type dent at ed s i l l  5 feet high 
pln c ed upon a rec tangular s i ll 5 feet  h i gh  and at n d i stnn c e  of 113  
f e et downstream from the st ep o f  the  apron . The top  of th e pool 
wall o n  the r ight was at el evat i on 536 ? , and ext end ed downs t ream t o  
s t a e 8+0? , and then dropped o f f  a t  1-1/2 : 1  to meet  the r iprap down­
stream of' the sill . The pool wn ll on the left mat ched that on the 
r irht , and dropped b (1ck to d 1/4 : 1  s id a- slop e ex c avat ed in the h il l­
s ide ., 

Te sts 42 , 43 , 47 , 48 , ,:md 49 ( plates VII , V II I , X ,  XI , and 
X II ) , and f igures 8 ,  9 ,  10 , and 11 show the d e s i gn ·md hydraul ic  
a c t i on of the  final des ign of pool e 

I .  NA�OY' POOL 

Aft er extens ive s t·c1d ie s had t een ma de  on t h e  pool wi t h  a 
width of 150 feet , a narrower pool of only 95 feet in  w i d"th wn s 
t r i ed ., Th is  r r:::qu i red a muc h deop er pool for the  S8.��c t 'i i lwat er 
elf v <i.t ior. and was no t ec onomic :'!l .,  

J .  FL0�7 'I'HROHr,J-: TEE GATES 

A s e r ie s  of tosts  w ·1s  : J.ri d e  to d e t e rmine t 'L E- c o effi c i ent 
in t he formula Q, = CLH3/2 for th L' d i  s c h '. 0 rga through ti1 r:, r�ates , where 
Q, is th e  d i schrsrge in cub i c  feet re r s econd , C i s  a co9f" f i. c i ont , L 
i s the t o t .'11 net l ength o f  g 3.t e  o r e n i ng , ,-md H i s  t he ' ·  e i 1 h t  of t he 
ener·  y l ine ( d  + v 2 ) r.bov e t h9 r7-r,t e s i l l , i:;e::i.sur 0d ire t l'. e  c h r1nnel 
just up st re::.un fror�g the g 'lt es . I1: e asure:·ie nt s on the Al covr- g:�ve a 
r e sul t , Q, = 2. 85LH3/2 ( fi g .  1 3 ) . 
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STA 7 + 50
, 

STA B + OO -- ____ _...4 --- - �-�-i 
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R U N  I 
TAILWATPt 43 S n. 
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SC-.£ 0F FUT IN PROTOT'tP£ ro• PLAN ANO KCTION A - A  

-+ 

, so· 

-= � 2 �  
IICTION A - A  

�8 5 '  

DETAIL 0, APIIDN 

12 0· • 

·; 

,-( ---,--- ----- ---- -- ;;; N D T I  
Solid hne • oppro•1mote wot er  s u rface 

D(NDfMlMT 0, f N (  IMf(.IOA 
1u•uu o, R(Q.AMATIOlt 

CAIPl't • Al.COVA PIIOJICT ·WW01111N1 
HYDRAULIC -- STUDIES 

Al.COVA DAM SPI LLWAY 
I N DICATED Pl[ZDIIET[A PRESSURES AT TH E 

APRON AND IN THE STI LLI NG POOL DI' THE 
1 : 71 MODI L SPI L LWAY 

II U N  4 
TAI LWATE• Jl 1 ,T 

DIICNA•CK • 20, 1 4 1  RC F T  
- - - ----+--------

001 hne• ,nd,caled pr8SIU'es "' '8111 of ..,,er 

0 1 10 11 10  
l 11 1 ol 11 1 1 1! 111 l , 11 1 I  

SCALE ·  ,UT PIIOfOTYPl 

OIIAWN • .  � N II  lJ 
UAClD NA� N I  

CNlC• IO J D.  .1'I 



PLATE 

A • BED BEFO HE RUN .  

B. DISCHARGE •l0, OOO SECOND-FEET. 

C. BED AFTEil ONE HOUR RUN. 

FI 1A DESi r.  . • 



A.. BED BEFO RE RUN. 

B. DISCHARGE 20,000 SECOND-FEET . 

C .  BED AFTER RUN. 

FINAL DESIGN . 



A, DI SCHARGE 10 ,000 SECOND-FEET, 

C ,  BED AFTE R ONE HOUR RUN AT 55,000 

SECOND-FEET ; SILL WITH END BLOCKS.  

B ,  BED AFTE R ONE HOU� RUN . 

D .  BED AFTER ONE HOUR RUN AT 55,000 

SECOND-FEET ; SILL WITHOUT END BLOCKS. 

FINAL DESIGN - EFFECT OF END BLOCKS ON SILL. 
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� g' f<- . ->1 g' l<-

t-e�J r��� �-�j 
I I 
I I 

k - - ------ - - - - 9 5 '  o" - - - - - - - - - --- >: 

Q = 2 . 8 5  L H ' - 5 

Q = 0lscharqe i n  c .f . s, 
L = Net l enoth of open ings = 7 7  feet 
H = Depth of rese rvo i r  a bove 

gate s i l l . 
W = Tota l w idth at p ier  sec ti on 

= 95'- o" 

- � = Pe r centage ope n i ng = 0 , 81 0  
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20,000 

/ V" 

I/ 
� 

/ / 

�/ / 

/ 
/� 

/ .  

3opoo 40,000 so.ooo 60.000 1opoo 
D I S C H A R G E  I N  C. f. S .  

DEPARTMENT OF THE INTltR IOA 
BURE AU OF RECLAMATION 

CASPER ALCOVA PROJECT - WVOMIN8 
HYDRAUL IC MODE L STUDI ES 

C AS PE R  ALCO VA S P I L L W A Y  .,, 
HEAD - D I SC H AR G E  RELATION THROUGH GATES Q --------------------c 

DFlAWN • . . •  Y·.l. ,0.. . • • •• BUSMITT£0_ � n)J_� ::0 
TRACE:D. 9:�·:-",�s�'!\ .. _RECQMNIEND � ,.J, 1� -� "1 
CHECKE.D • • •  J .D.M•. APPAOV£D • •  /. 

DltNVER1COl.0. OCT 16,,f� 



Brac ing of Gatu Section 

Tests were made on a modified design 01' thu ge.te structure, 
in whic h hruo ing , st iffaning, oounterforting . for the s ide walls 
was located ins ide the cbannel rather than outside.  This ex pedient 
woul1 save a great deal of excavation and expense . The tusta showed 
that tho inside bracing, as proposed , did not affect the flow 
through the gates or rai se the pond level nt any dischflr';_e . 
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L OG  JF TESTS  - C AS Pi::F:- ALC JVA SPILL':;AY 

, Test :. , : i sc :,arg e I 2t e .- ped 1 
Run !,:o . · Seo �  rt·. · A.._p.;;..

r..:.o.:;n:__ ___ ..:S;.:i:..:l:..:1;__ __ ....:..__:R:.:.=.i ... · · ;...r .:;t....;;.--_· .,.::o..:.·:_· -:.:.;n:.;:l..:.1;....._.___D_e_s_c_r_i.._pt_i_0_r:_o_�_..;S:;..e_t_-_u�p:...1..._ ______ ·_R_e_m_ar_· _v_.s _____ _, 

f l-C.AD-1 

11- CJ.D-2 . 

1 2-C JJ)-l 

'3- C J..D- l 

14- CJ�- 1 

. ; 

5-CJ..D- l 

G - C J�l 

: 9- :; .  - - 1  

s� . soc n :me 

54 , 8CC' 
II  

4 , 75C  

54 , 80C t !  

24 , 50C I I  

55 , 000 " 

55 , 0CC I I  

51) , 0C'C II 

" 

" 

Te sts t o  1 3  v:n e rr.aee w1 th a st i l l i :16 pool 20  fe e-: �-rid e  _______________ _. 
' 10 . 5 '  Rehb ock at l Or ig inal d e s ign j Poo l  l ooks g 0od , 

St a. 8 +2 1 - 1 14 

I 1 

I 
I 
I 

· i 

1 1  

" 

None 

1 1  

1 0 . 5 1 .Rehb oc k  
Sta.  6+4 0  

ti 

1 1  

t i  

" 

at l Exte Y_:::i c · c Sb . •  
I : ; -1-,SC , ve rt i c al end 
i 
I 

1 1  

t i  

!':xt e :·. : ::.  t o  
r �� +- a. 8 �6.s  

St oris at 7+2 0 ;  
Lo,·: ·:::'.) 1 l -; • 5 ' 
h ·: gh r or.; 7+2G 

! t o  f! +{; 5 
edge of s i. 1 1  

1 

ti ti 

ti • t  

Bare po0l , n-:-. c : J l 

Or i g i nal des  ic;r, 

Ta :.  h;a:,, wi , .J.er:oc: t 0  
s i:nu l at e  pr ot o ty ne 
r ; ver b ed 

Cu rved net a.l ,.-.n 1_ ·i 
d i::r.·.T.: : tre ru:-. frol"" 
pool , o� l � ft t o  : :c-
1,. l at e t ' ·e h j l J  � i c. e  

c e r,t c �ir ·:e . .  f' ,.. ,� 1 . R ·i. 
y;n.1 1 Y:c.s r.l +e !"f' 'l 

e xc e pt f or s h ,.,rten­
:.r.r; of r i gl-. t ,_·:al 1 

Right ��1 1 e nt i re ly 
re�·.oved e xc e :--t  f or 
l ow r · m  1 0 . 5_ '  } 1 i gh 

1 Lower t ".l. i lwater ti· an l - 0  1D- 1 .  
� P:- o l· boks g ood , f l o·.•: s�: ,· oth · 
! whirl  fr  left ·: ta.lf of pool . 

; Fat as g ood n:_, 1-r� t::  ::, i l l . 

. ";i1 i r l  in n o o l , on 110th s ides . 

! Iddy nt d .:Jwns tre ur-·, e nd of 
- r ir:; ht-hn..'1.d ,.,al l  of'  s t i l l-
, ing pool . F l ow othe r-rri s e  
! 0 at i s f act ory . 

: F J ov; s i m 5. J. ar  t o  te st 5 .  i 

be t : er t'. :n!: te st 3 .  

i: l °'·; s i,7' i l ar  to te s t  5 .  

Larg e eddy forms i n  river 
hed , n.'1.d Fnt e r ·  f :!. ows frt o 
pool fr or.-. r :i.ght . Very t- nd .  



· Test & , ;) : s c ha.rg(. St e ppe di 
. :i-rur. N o . · Sec- . i' t . 1 Apr or, 

: 1 0-Ci.P-l 55 , C< C  
I 

I I 
1 1 1- C AD-l l 55 , C C·O 

I ' 
I I 
1 1 2-CAD-l l 55 , 000 

I i 
I I 
! 1 3-C .,'..D- l 
I ! 

:if , OCT 

I I  

" 

3 i l l "' 

l C . 5 ' Re ho cc �: 
St n .  8 +4 0  

" 

" 

I I  

R ;  ;::ht ; -o ci_-i_;n_l_l __ __,, __ D_e_s_c_r_i_n_t_i_on _o_f_s_· e_t_-_,.i_r_, ,_
1 

___ _____ R_err_ . . _nr_ks 

at , :.:.xt 1cn:,: s L " +8(; fu :i. l  
• he i gf't 1 . 1 0 . !i '  U?,h 
i -� o f +S 5  

I �x�end s to  8 + 2 8  i\.; 1 1  
1 ne 1ght ; 1 0 . 5 1 h i gh 

j t o  3 +65 

, ,  

Ct;.rvc l: l , , : ·:.; ·:: t l l ac :d ed 
� !  r i r. -'-:c 8 t. . f 

i , 1 1.iGht · .  al L l engthened 
cc1rved le ft ·;:r-, 1 1 

, ret o.ined 

, 'ju rve d  l e f't ·.·:�l } -:-e-

I 

Be ttor  tha� t e st 3 ,  but 
r ight ��1 1 s t i l l  t o o  s h ort . 

S im i l ar  t o  t e s t  10 .  

F J  on b ette r t h.'J1 t e s t  1 0 ;  
no  vrnte r  f J. o\'ri ng i n t o  s j ;: e· 
oi. '  s t i ll inf:� pool . 

___________________________________ ...__ __ F bv.- g o od ; s Y:,nl.l eddy at e :,d l 

o� ·  r i ght ·. ·:al l .  ----
! 

114-C}.D-l j 
I , 

I I 
�5-C AD- l  j 
I 
I I 
I i 

� s-c1.n- 1 I 
I · I 
I i 

. � 7- C A!;-l l 
I I I - ' 

� 8-C A..,n- l : 

55 , (,,".)(', 

55 , 000 

55 , 000 

55 , 000 

55 ,000 

' J. 

Te s ts l? t o  3 4  

l' , or,e ! 5 . 2 5 ' Re h8 oc k  
I St a .  8 +35 . 5  
i " i " 

I I  I I  

" � 0 . 1 '  Rehb ock 
St a.  3+22  

i • 2 5 ' None 

I at E::-.."t e nc: s  t o  f +4 7 . 5  
l 

c.t 

Exte nd s t o  8 +4 7 . S  
b�,t d o·:mstre u::-. e nd 
C'.lt  off a.': 2 : 1  

E::-.."tends t o  7 +80  at 
L l . --: 3 7 7  , d r c :,s 2 :  1 
t o  �, .,. 1 8  

! I  

I I  

Sund r l �c ed h e l C·1'� pool l 
to  r e pr e :: cnt r, o.tur nl I 
to�)our auhy and r :  ver- · i ,. t:- • I b ed 

Sand r em cvec , he l ow 
po o l , t o il . 53 30  

" 

" 

Er os i or. ar on nc e r.c1. of r- ", f/ t  
wo.1 1 . 

No s c o'.ir b e l o·:; s i l l  or nt 
end c· " rig l1t -.val l ; a s and . 
t ank forned d o�-ms tre mn ,  t o  
: 1 .  5 344 • 

S i0 i l ar  to above , l e s s  
e r os i on . 

i 
I 
I 

l igh 
st at i cn ing g ive!'! i s  upstr e am  edge of s i l l . 

Bad s c our o.t end of pool 
anc. ar ou nd r ight 1·:al l .  _..._ __________ ---,---,--,,,---,-::-,:,-----....... -----------------------------------
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;-Test & · Discharge 1
1
Stepped ; 1 I I ' Gill  I_Ru n No . i Sec .  ft . l �--i-----

' 

I I 
Right Pool W_n_l_l_�j-D_e_s_c�r_1�· pt�i_o_n_o_f_S __ e_t_-u_p�1------_.;:;R�e_m_ar_k_s ____ ---4 

1
1 0-Ci.D-l : 55 , 250 

I 

'3 . 75 '  
i high 

5 .  25 ' Reh tock 
Sta.. 8+35  

at . Extends to  7+S0 a.t i S1:'.nd remcved ,  be low 
· El . 53 77 , drops 2 :  1 i pool , to e l .  5330 

No s c our be l o,:; s 5. 1 1  or or x, .:1.-:.: 
r ight wall ;  sand ,)an� fornec. 
downstream. 

2C- CP.D- l ; 
I ' 
j 21-C./l.D-l : 
I 
I 

55 , 250 

55 , 000 

22-C.AD- 1 , 55 , 000 

1 23-CJ..D-l  55 , 000 

1 24-Cl�-l 55 , 00v 

1 2�- � -ft-l i 55 , 000 
I _ i)  '-' · -� r • 

I 

26:_c:.D-l . 55 , ooo 

5 . 25 '  
high 

None 

" 

II 

II 

II 

II 

II 

Triangu l ar · s il l  
5 . 25 '  high ,flat 
face  upstremn, 
at Sta. 8+35  

10. 5 '  triangu­
lar s i ll , flat · 
face upstream, 
at . Sta. 8+32  

10 . 5 '  high , 
1 5 . 5 '  wide tr i­
angul ar  s i ll  at 
8+32 , s loping 
face upstre� .  

5 . 25 '  · Rehbock 
on a 4.  9 '  plain 

' s i l l  at Sta . 
8+24 

None 

. G . 25 '  Rehbock on 
• an 8 '  plain s il l  
nt Sta. 8 +35 . 5  

to 9+1 e I 

II 

11 

1 1  

II 

II 

" 

II 

I Stationing given is upstream edge of s il l .  
3 -

" Sa�e a s  test 19 . 

Not qu ite as sood a l ayout 
as te st 1 6 .  

Very s imi lar t o  test 1 7 . 

Not as good n.s te st  2 2 .  

1:"actic al ly n o  eros ion . 

· I Exces s ive eros i on ,  ri;;ht 
: wall und erminec. . 

Sir.iilar to test 24 , wnter 
surface in pool r ougter . 



• 
: _  test & i Disciiarge i stepped! 

, 
I . ,_ ,  

' 

Imn �o.i Sec . ft . .npr on Pi ::ht Pool Wal l 

· -
i - . . '. 
•28-CJ.D-l'. 55 -. 0C0 

I i "  

I , . .  
129-CAD-l. 55 . 000 

I ·  

I 
130-C�l 55 . OCO 

13 1
:-

C.AD-l . 55 !2G0 

�2-C.&1>-l 

j33-CAD-l 

I 134-CJ�l , 

· �5-C ..:-1 : 

i ,, 

_55 . :3 0C 

55 , 000 

55 -, 000 

None 

n 

" 

II 

II 

II 

n 

II 

II I 

1 5. 2 5 1 Rehl-J ock ,,r, : Extenc1 s t o  7 +80 at 
' a 4 . 9 1 pl ain ; Bl . 53 77  , dr o ps 2 : 1  
· s i l l  at Sta . . nt 0 + 1 8  
: e +3 5 .  s 

II 

Sa."'.le as  t e s t  
2 :.:.  

II  

Smne s i l l , at 
Sta.  8+23 

. Some s i l l , nt 
St-a. 8+11 

Srone s i l l , nt 
Sta .  8+45 

Game s il l . at 
· Sta. 8+31  

Srune s i l l ,  a.t 
Stn. 8+13 

. Extend s t o  7 +80 at 
El . 53 79 , thence 

· ll:  1 t o  8+85 

1 1 ·  

I I  

II  

Extend s  to 7 +86 at 
El . 53 7 9 , tJ-:ence 

· l½ : 1 to  8+!-11 

II 

Exte nds t o  7 + 74 at 
El . 5379 , thence 
1 t : 1  to 8 +79 

' 
l : Stat i oning g iven is  u pstre am edge ot s ill.  

_4 

Des c r i pt i 0n cf Set-up 

Cur ved wn l l  put in  t oro­
gr aphy 1:>e l o,,; p J ol ., or. left 
s ide , u p  t o  e xist 1ng 
gr ound s urfac f'  

, ,  . 

No e xc avat i on i::1  t :::J  h:ny 
of pool , natur al h i l l  
c qver·ed to  prevent 
eros i on 

Al l  natur al t opor,r nnhy 
formed i n  s :--.nd 

New LO . . ER T AIL', lATER 
for t h i s  r..n(! al l sub­
s equent run s  

.. 

Remarks 

· Very l i '- t l e  e r os :i on . 

· Sim i l ar  to test 2 7 . 

Ab out t�e sru.,e ns pre� 
· v i ous  runs . 

Same • 

· Sim:i lar to test 3 0 . 

Sl ig ht ly more eros i on . 

Very l ittle  e ro s i on . 

Little  e r os i on . 

. ll>-out the s ame • 

i 
I 
1 .  
I 



•· 

Te st & . ,Discharge 1 Stepped ' 
I : I Si ll1 
}-Ru=n;.;...N;.;.o.;..•:..i.i S.;.e.;... c.;..•;;...r_t_. __ .,_1 _J-=.p_r_o_n__.· _________ �R.;..i�gi..h.;..:t_Pool :-rall . · 

I ' 

Description of Set-up 

j : 3 6- C lill-l ; 55 , 000 

I I 
'3, -C .iJ)- 1 : 55 , 000 
I ! 

! 
I 
13 7- CLD- 2 j 

.1 3 8-C J:.D- l ; 
I 

i 3 9-CJJ)- 0 : 

h9- �;J;-1 

1 3 0 ., ' '"' 2 I : ·- .J ..-.JJ-

40- � J.D- l ; 
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55 , 000 
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55 , 0CO 

55 , 000 

55 , 000 

5,4 , sno 

54 , 800 

54 , 800 

54 , 800 

' 
7 . 5 ' : Smne s i l l ,  nt 1 

high , Sta·. a+13 

I t  

None 

Scme s il l , nt 
St a. a+.33 
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None , .As before 
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4 . 1 ' 
l" igh 

" 

II 

It 

" 
" 

" 
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1 1  

Extend s  to 7 +92 nt El . ,  Both walls  out � own  to 
5364 . 5 ,  thence 1-;� : l  · 10\'v-er e levat i on 
to 8+75 : (5364 . 5 ) 

Extends to C+08 at 
El . 5365 , thence 
l½: l to 8+93 

I t  

Smne 

II 

It 

II 

II 

" 

" 

Pool hns been dro pped 
t o  give higher 
-vel ocit ies . 

St i l l ing pool ruised 
s l ightly. 

· Srune as te st 37-Cl:.D-2 

F iner sand u s ed , having 
s ome c oars e  pnrt ic le s  

1 Stat i oning g iven i s  u pstream e dge of s ill . , 
5 

Remnr'-:s 

Eros i on nbovt the s �,e , 
water s pl o.s he s  o•:er s -:; i l l­
ing pool wal l s . 

Long ( 3  hr . )  run prcd,.,;c ed 
s l ight hol e s  nP n.r wnl l c . 
Ve l oc ities  in  p oo l :r.1e ns ·. · r­
ed . 

Chec k ve l ocit ie :,  t r:ken 

Ve l oc ity ::-,e nsureme r.ts ru:1.de 
:made in pool . 

Ve 1 oc i ty rr.e a.sured in r e  o l  • 

Check run on 3 9- C PI- O  

Che c k  run o �  3 9� c;�-c .  

Er os i on s l irht .  

Ab out the s !l:".,e . 

Er os ion ·le s s , ':mter q;. i e -+;�- r  
thnn tes t  4 1 . 

Eros ion s l if,ht ly gre ate r , 
but in s ame plac e s  as 
before .  



Te st & , Di scharge - Stepped . 
Run. Mo . ; Se c .  f t . 1 Apr on Si l l  1 Right Po ,,l ,lal l De s cr i pt i on or S et-u p Remarl-::s 

41-CAD-l . 55 , 000 4 . 1 ' 
high 

A13 be1;'ore F i ner s and has had c onrse Same . 
part i c l P s  s cree.r.ad out 

:44-CJ.D-l ; 55 , 000 

i45-CAD-l 55 , 000 

. ! 

Wone II I I  

Fl ·:i or of. pool made up of s aw-tooth- "!. i :{:e s teps , 3 C ' l on� and G '  l1 igh 
Right wall extended t o  st a. 8 +45 at 1:.1 . 5 3 6 9 ,  thence l?,: l to Sta.  
9+3 0  

_46-C.AD-l l 55 , 000 1 None None Extend s t o  8 +07 at 
El . 536 9 , thenc e 
1 }: 1 t o  8 +93 

Both ?1001 wal l s  al ike ; 
be l ow pool , le :'� -,,al l 

47-CAD-l ; .  40 , 270 

;48-CAD-l 20, 020 

I .  

, 49.c;.n-1 ! 1 0 , oso 

1 50-C E)-l 55 , 000 . 
I 

� 51-CAD-1 ·: 55 ,"000 
I . . 

. l i .  

' . 

I II 

i n 

5 . 2 5 '  Rehb ock 
on a 4 . 9 1 
pl ain s i l l  at 
Sta.  8+33 

2 . 25 '  Rehb ock 
on a 4.  9 '  
pl ain s i l l  at 
8 +33 

" 

II 

Extend s t o  8 +07 at 
El . 53 6 9 , thence 
lf2·: 1 t o  8+93 

11 

.:.�· c. 1 :. s  � - · j c 1 � � . .  o .. 1 

Sane as 43- ::; LD- 2 

Srun'3 as <::3- c :  . .:-- � 

II 

'. [ et-up . s im i l ar t o  te st  4 5 , but s e.w-te eth s l oped u pward 

� . 5 1 _Rehb oc k 
at Sta .  8 +23 
plu s end 
b l oc ks 

I I  

stationing g iven is u ps tremr. edge of s i l l  • 
. 6 

Same . 

Er �s i on s imi l ar  t o  test 
43- C AD- 2 .  

Sc our very bad . 

Very l ittle e r o s i o� . 

Neg l i c ib le � r os i on .  Un­
e qu al gate open i ngs  
cau s ed whirl in pool . 

; Jump d id not s t ay in pool . ,  

SHght hole s e r od ed ne ar 
wal l s  • 
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------------------.---------------- Te st &· , Di s charge I Stepped · 1 ; 
_R_ .. _.J ._'1_N_o_._. _s_e_c_._r,,..t_ • ..,
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_A ____ p_r_on_.._: ___, __ S_i_l_l ___ �_R_ig..,h_ .... _" __ ?_- o_o_l_W:_a_l_l ______ D_e_s c_i:_ipti on c.f' r'..: t-u�-------�E!,_ar_ks ______ _ 

52-C.AD- l , : ; :., , ooo 4 . 1 ' 
high 

53..;C i.D- l 55 , 000 II  

54-C AD- l '. G5 , 0U0 It  

55- C .AD- l · 34 , 700 

55- CJ.D- 2 55 , 000 

56-C J.D-l 55 , 000 4 . 1 '  
, h 5.gh 

. 1 

57- ·:� }..':'·-l . 55 , 000 
to to 

7 3 0 , 280 

i 
Same w:i thout 

: b l ocks 
end i Extends  t o  8+07 at : 

' 4 . 7 ' Rehbock on 
: a 4 .  7 '  plain 
s i l l  f i ne teeth 

· at st a. 8+33 

' Same , e xcept 
teeth are 
wider 

, E� . 5 3S 9 , thence 

Ii 
1½ : 1 t o  8+93 

, .  
I 

II 

_ This te s t  made with a pool only 95 ' wide , eros ion 
: exce s s ive , and Y ery high tai h,ater req1 ·  :i red . 

Simi l ar  t n  test 55 , but worse . 

4 . 7 1 Rehbock on ; Same as test  54 
a 4 . 7 '  pl ain i 

- s ill , wide teeth , 1 
· at Sta . 8+33 ; 

58-C /D- l 54 , 545 Smne c.s te st 54 CAD - 1 
t o  
4 

ss-c �·n-1 
to 

6 ·-

to 
2 0 , 150 

6 0 , 000 
to 

1 2 , 4 00 

i 

Stationinr, given is upstream · edge or s il l .  
7 

JI.bout the  s ame . 

Sl ight holes near walls • ·  . -

Similar t o  test 53 , sl ightly 
le s s  eros ion. 

Pres sure measurements in 
sti l l ing pool . 

Measurements of head on 
gates and d ischarge. 

Pressure measurements in 
_still ing pool. 

Measurements' ot �ead ·on 
ge.te.a and d isohar,;e·. 



Tes t  i-: i Dis charge 1 Ste pped;  
i --

l 
S i l l  1 Run N o .  : :::ec . f't . 1 Apron 

60- C .&' - l : 
to  

5 

61-C.AI;- l i 
I 

6 2- C AD- l  

SP-c.m-1 ; 
to 
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55 , 4 00 
to 

10 , 0cc 

55 , C()C' 4 . 1 1 

high 

55 , 00C II  

I ' 
! Diffuser  s il l  

1
10 1 high at 
Sta.  8 +36 

i Diffus er s il l  
: 1 0 ' high pl ac-
I ed immed i ately 
; be low apr on 

Right Poo l  Wall 

1 St tti oning given is upstream edge of. s ill . 

r . / --/� 

I 
1 .  

8 

I 
De s  er i pt  i on of S�_t_-_u.:a.P-..' ______ R_e_m __ ar_k_s _____ --ij 

, Me asurements of pr of i l e s  
i d own chute . 

! 
·
,
• Simi l ar  tr.  re su lts obtaimid 

with dentated  s i l l . 

Exc es s ive bo il in s t i l l ing 
pool and b ad eros ion b e l ow 
pool . 

I 
I 

I 
I 

: Ms asur ernents of fl ow thr ou gh I 
i g ate s  a.11d pr of i le s , for 
; various s et-ups . 

-. 


