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Hydraulic model studies of the spawning channel s t i l l i ng  basin, and diffuser 
chaber a t  Yellowtail Afterbay Dam in Montana resulted in the use of a 
slotted baffle near.the intake conduit t o  provide satisfactory stilling ac- 
t ion and good flow distribution. Flow enters the spawning channel through 
a 4-ft-dia intake conduit, passes through a s t i l l ing  basin, and upward 
through a diffuser grating into the resting pool at  the upstream enC. Of 
the 150-cfs design flow, 30 w i l l  be discharged through a 24-in. bypass pipe 
t o  lower part of the f ish  ladder, 20 into the upstream end of the f ish  lad- 
der, and %he res t  into the spaGing channel. The slotted baffle diffuser 
w a s  developed for the s t i l l ing  basin t o  replace floor block and stepped end 
sill  of the original design. This provided a relatively stable water Sur- 
face in the basin and good flow distribution from the diffuser chamber into 
the resting pool, so that  flow into and through the pool was quiet. The 
modified stilling basinanddiffuser chamber performed well for  any possi- 
ble operating combination of head in3 tailwater. To quiet flaw f ~ m  the 
bypass pi+ from main s t i l l i r g  basin before discharging it at  right angles 5: 

into the f ish  ladder, the bypass diffuser chamber was widened and a 
seawall-type cover,'was provided a t  the downstream end t o  reduce turbulence. 
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PURPOSE 

The studies were conducted t o  develop t h e  hydraulic design of the 
s t i l l i n g  basin and diffuser  chamber at the upstream end of the  spawn- 
ing channel. Studies were also conducted t o  develop the  hydraulic 
design of another d i f fuser  chamber a t  t h e  downstream end of the  24-inch 
bypass from the s t i i l i n g  basin t o  the downstream portion of the  f i s h  
ladder. 

RESULTS 

1. 'Ihe preliminary arrangement of the s t i l l i n g  basin and d i f fuser  
chamber, which included a large f loor  block and a stepped end s i l l ,  
did not provide sat isfactory s t i l l i n g  action o r  flow dis t r ibut ion.  

2. A s lo t ted  baf f le  (Figure 9) near the intake conduit was developed 
for  the s t i l l i n g  basin t o  provide a relat ively s table  water surface 
i n  the basin, and good flow dis t r ibut ion from the diffuser  chamber 
in to  the rest ing pool. 

3 .  The diffuser  chamber f o r  the  discharge from the  24-inch bypass 
conduit t o  t h e  lower portion of the  f i s h  ladder was widened from 
3 f e e t  9 inches t o  4 f e e t  4 inches, and a sea wall type of cover 
w a s  provided a t  the downstream end t o  reduce the turbulence i n  the  
chamber and t o  improve the dis t r ibut ion of flow in to  the f i s h  
ledder . 
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I N r n D U C T I O N  

Yellowtail D m  and Afterbay Dam, par t s  of the Lower Big Ho 
of the Missouri Piver Besin Pmjec t ,  a re  located on t h e  Big 
River about 60 miles southeast of Bi l l ings,  Montana (Figure 1). The 
Afterbay Dam is located about 2-1/2 miles downstream . f h m  Yellowtail 

, Dsm. The Afterbay Dam i s  a concrete s tn lc ture  with kr;.ctt:?.ikes a t  
I each abutment r i s ing  about 50 f e e t  above the  riverbed (Figure 2) .  
5 e  d m  includes a sluiceway, rad ie l  gate controlled overfluw weir, 
and canal headworks. The t o t a l  length of the  dam, including the  
earth dikes, i s  1,400 fee t .  The primary function of the Afterbay 
Dam i s  t o  maintain re la t ive ly  uniform flows i n  the Big Horn River 
on a da i ly  basis ,  i n  order t ha t  existing downstream canals diverting 
from the  r ive r  can continue t o  d iver t  without major overhaul of 
existing diversion structures.  

The spyn ing  channel i s  located on the downstream s ide  of the dam 
near the l e f t  abutment (Figure 3). Flow enters the spawning channel 
thmugn a 4-foot-diameter intake conduit, a s t i l l i n g  basin, and a 
d i f fuser  chamber a t  the upsl;ream e d  of the spawning channel. The 
r a t e  of flow in to  the  s t i l l i n g  basin is controlled by a rate-of-flow 
control ler  and meter which contains a small bu t t e r f ly  valve. The 
flow passes through the  s t i l l i n g  basin i n t o  t h e  diffuser  chamber 
and then upward through a d i f fuser  grating i n t o  the  rest ing pool a t  
the  upstream end of the  spawning channel. Ihe design flow f o r  the  
s t i l l i n g  basin i s  150 cfs;  30 c fs  w i l l  be discharged from the  still- 
ing basin through a 24-inch bypass conduit t o  the lower portion of 
a f i sh  ladder; 20 cfs  w i l l  be discharged from the  rest ing pool i n to  
tiie upstream end of the  f i sh  ladder ( ~ i g u r e  4) ;  and t h e  remaining 
100 cfs  w i l l  flow i n t o  the spawning channel. During normal operation 
the reservoir water surface w i l l  f luctuate  between elevation 31% 
and elevation 3175. The water surface i n  the  spawning channel may 
fluctuate between elevation 3167.9 and 3169.4. Dimensions of hydraulic 
features a re  l i s t e d  i n  Table 1 f o r  both English and metric units.  

THE MODEIS 

The first model (Figure 5) was. tc 1 t o  8 scale  reproduction of the 
s t i l l i n g  basin, d i f fuser  chamber, res t ing pool, and upstream end 
of the spawning channel. The entrance t o  the  24-inch bypass conduit 
from the s t i l l i n g  basin and the entrance t o  the  f i s h  ladder f r o m  the  
resting pool were a l so  simulated i n  the  model. The rate-of-flow 
control ler  and meter that discharged the flow from the  intake conduit 
in to  the s t i l l i n g  basin was s 
valve in  a 6-inch supply l i n e  
by means of the laboratory's 

ometers loca t  



m e  r a t e  of flow i n t o  t h e  spawning channel uas controlled by means 
of a s l l d e  gate a t  the  downstream end of the model and was measured 
with a 9'' V-notch w e i r .  The r a t e  of flow through t h e  bypass was 
controlled by means of n 3-inch gate valve and measured with a 90- 
V-notch weir. remainder of the flow discharging intc  the  f i s h  
ladder was controlled by a s l i d e  gate. The two s l i d e  gates a l so  
controlled t h e  water surface elevation i n  the  spawning channel. 
Tfie ra te  of flow t o  the  f i s h  ladder was determined by subtracting 
the sum of the  spawning channel flow and t h e  bypass flow from the  
t o t a l  inflow. 

After completion of the model study of the  spawning channel s t i l l i n g  
basin and diffuser  chamber, a 1:4 scale  model of the  d i f fuser  chanbe 
at the  downstmam end of the  24-inch bypass conduit was constructed 
within the ex is t ing  model (Figure 6) .  The 6-inch supply l i n e  and 
but te r f ly  valve was used t o  represent the  24-inch bypass and t o  
control the head. The d i f fuser  chamber w a s  constructed using wooden 
par t i t ions inserted within the  s t i l l i n g  basin of the e 

THX INVESTIGATION 

Die investigation was concerned with flow conditions 
basin, d i f fuser  chamber, res t ing pool, and spawning 
design inflow of 150 cfs  dlscharging from min imum and m a x i m u m  aFte 
reservoir elevations. The investigation was extended A t  the  conclusion 
of the i n i t i a l  studies t o  include the flow conditions i n  the  d i f fuser  
chamber at the  downstream end of the  24-inch bypass conduit. 

Preliminary Design 



t ,  o r  the same 

with the  narrow basin. 

f f l e  was ins ta l led  between the s t i l l i n g  basin and the  d i f fuser  

of the rest ing pool, and blocked off one-half of the flow passage. 
h i s  chznge -provided. much b e t t e r  flow dis t r ibut ion through the 

:. . 

Other minor modifications i n  s i ze  of s t i l l i n g  basin and d i f fuser  

The recommended design ( F i v e  9 )  consisted of t h e  preliminary basin 
and.diffuser chamber with the large baf f le  and stepped end s i l l  removed 
and a s lo t ted  baffle placed i n  the path;of the j e t  near the headwall 
of the  basin. Essentially,  the baffle consisted of four w d l s  t h a t '  

e i t he r  s ide on the centerline. 

the  d i f fuser  chambe 



r 

also perfo&ned weil with the f i sh  ladder and bypass closed when the 
entire 150 cfs discharged into the spawning channel (Figure 11). 
This discharge at  l o r  tailwater elevation created a r i f f led  water 
surface a t  the entrance t o  *he spawning channel and a minor amount 
of erosion in the channel bed. However, the prototype channel w i l l  
be protected by a gravel lining, and the effects of erosion ahould 
be negligible. 

Pressures for  the design flow of 150 cfs  with minimum and maximum 
heads were recorded a t  a piezometer located at  the upstream corner 
of one wall of the center s lo t  (Figure 9). A t  minimum tailwater, 
the pressures ranged from 1.5 feet  below atmospheric at  minimum 
head to  4.8 feet  below atmospheric a t  maximum heed. A t  m a x h  
tailwater elevation, the pressures ranged from 1.7 t o  6.4 feet  above 
atmospheric at  min imum and maximum heads. Because the maximum flow 
velocity from the valve is less  than 30 feet  per second, no adverse 
pressure conditions are anticipated along the slotted walls. 

Bypass Conduit Diffuser Chambzr 

After the studies of the spawning channel s t i l l ing  basin and 
diffuser chamber were completed, the diffuser chamber for the 
24-inch bypass (Figure 4) was modeled and tested. The 6-inch model 
supply line with butterfly valve was used t o  simulate the 24-inch 
bypms pipe and t o  r e p l a t e  the head. The chamber was constructed 

- a t  the outlet within the s t i l l i ng  basin o f t h e  existing model 
(Figure 6). Flow from the s t i l l i ng  chamber discharged through a 
submerged rectangular opening into the right portion of the existing 
model, which represented one bay of the f ish ladder. The area t o  the 
l e f t  and downstream surrounding the basin represented the stream 
channel tailwater area. This mangement provided a model on the 
opposite hand t o  the prototype structure. 

5 















Figure 6 
Report Hyd-525 

A. Dry Model 

B. Headwater elevation 3169.4 
Tailwater elevation 3160.0 

C. Headwater elevation 3169.4 
Tailwater elevation 3161. 4 

NOTE: The model is on opposite hand t o  
the prototype structure.  

YELLOWTAIL AFTERBAY DAM SPAWNING CHANNEL 
RECOMMENDED BYPASS DIFFUSER CHAMBER 

1:4 SCALE MODEL 



16'x 17' Diffuser and grating--, /"g 



Figure 8 
Report Hgd-525 



FIGURE 9 
REPORT H Y D - 5 2 5  

1 6 ' x  17' Diffuser and grating--.. -. f 

S E C T I O N  A - A  



Figure 10 
Report Hyd-525 



Figure 11 
Report Hyd-525 
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ABSTRACT 

Hydraulic nodel s tud ies  ox' the  spuming channel s t i l l i n g  basin and d i f f u s e r  
chamber at Yellowtail  Afterbay Dam in Montane resul ted i n  t h e  use of s 
alot ted b u f l e  near tha inteke conduit t o  pmvide sa t i s fac to ry  s t i l l i n g  aa- 
t i o n  an6 e w d  f l o a  d i s t r ibu t ion .  Flow enters t h e  a o m i n .  o h m e l  t h o w h  ~ ~ ~~~~ ~~ .-.-.- ~~ -.- ~ 

- ~ ~ -  ~ -- 
a-4-ft-din intake conduit, passes thmugh a s t i l l i n g  basin,  and u p r d  

' . through a difnLser gra t ing in to  the  m a t i n g  pool at t h e  upatream end. Of 
t h e  150-cfs design fla, 30 w i l l  be diaehorged through a 24411, bypass pipe 

t o  lower n a r t  of t h e  f i s h  ladder.  20 i n t o  the  unstream end of the  f i s h  lad- 
der ,  and ihe  r e s t  i n t o  t h e  epaming'channel. ~ k e  s l o t t e d  b d f l e  d i f f u s e r  
waa developed f o r  t h e  s t i l l i n g  baein to replsce  f l w r  block and stepped end 
sill Of the  o r ig ina l  design. This provided a r e l a t i v e l y  s t a b l e  w t e r  8uF- 
face  in t h e  basin and good flow d i s t r tbu t ion  from t h b  d i f m a r  chamber i n t o  
t h e  r e s t i n g  p o l ,  s o  t h a t  flow i n t o  and through t h e  pool rL- 3u ie t .  The 
uadified s t i l l i n g  basin and d i f fuse r  ohamber performed well f o r  any pssi-  
b l e  operating combination of head and ta i lwater .  To qu ie t  flaw from t h e  
bypass pipe fmm main s t i l l i n g  baain before discharging it a t  r i g h t  angles 
in to  t h e  f i s h  lndder, the  bypass d i fmaer  chamber wka widened and a 
seawall-type cover m a s  provided at  t h e  deanstream end t o  reduce turbulence. 

Hydraulic model a tudies  of t h e  spaming ahannel s t i l l i n g  basin and d i f fuse r  
chamber a t  Yellowtail  Afterbay Dam i n  Wntana resul ted i n  the  use of a 
s l o t t e d  b a f f l e  near  t h e  in tahe conduit t o  pmvide sa t ieSactory s t i l l i n g  ac- 
t i o n  and good f l o a  dirrtribution. Flow en te r s  the  apaming ohannel through 
a 4-f t -dia  intahe conduit, passea through a s t i l l i n g  basin,  md  upward 
thmugh a d i f fuse r  g ra t ing  i n t o  t h e  r e s t i n g  p o l  a t  t h e  upstream end. Of 
t h e  150-cfs design flow, 30 w i l l  be discharged through a 24-in. bypass pipe 
t o  lower p s r t  of t h e  f i a b  ladder,  2p i n t o  t h e  upstream end o f  t h e  f i ~ h  lad-  
der ,  and the  m a t  i n t o  t h e  spawning chennel. The s l o t t e d  baffle dir'fuser 
waa developed f o r  the  still* bas in  t o  replace f l w r  block and stepped end 
sill of the  o r ig ina l  design. This provided a r e l a t i v e l y  s t a b l e  water sw-  
face  i n  t h e  baain and good flow d i s t r i b u t i o n  fmm t h e  diffumer chamber i n t o  
the  r e s t i n g  p o l ,  s o  t h a t  flow in to  and thraugh t h e  pool w a s  qu ie t .  The 
modified s t i l l i n g  baain and d i f m s e r  chamber p r f o m e d  well f o r  sny pssi- 
b l e  operating ombinat ion of head and ta l lwater .  To qu ie t  flow Emm t h e  
bypass pipe f r m  main s t i l l i n g  basin befor+ diecharging it at r i g h t  angles 
into the  f i s h  ladder,  t h e  bypaas d i f m s e r  chmber w a s  widened and a 
seawall-type cover w a s  provided a t  t h e  dormstreem end t o  reduce turbulence. 
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