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SUMMARY 

Model t e s t s  were made t o  i n v e s t i g a t e  t h e  hydraul ic  performance 
of t h e  s e r v i c e  sp i l lway of Shadeh i l l  Dam. This  was a tunnel  sp i l lway 
with a morning-glory type  ent rance ,  Figure 2, and was designed f o r  a 
mximum d i scha rge  of 5,000 second f e e t  at  r e s e r v o i r  e l e v a t i o n  2297.0. 
The model of t h e  spi l lway,  Figure 4 ,  w a s  b u i l t  t o  a s c a l e  of 1:20.732. 
The model s t u d i e s  ind ica t ed  d e s i r a b l e  changes t o  improve t h e  hydraul ic  
performance of t he  morning-glory ent rance  and t h e  s t i l l i n g  basin. 

T e s t s  of t h e  prel iminary sp i l lway entrance,  Figure 5, showed 
t h a t  t h e  des ign  i n  genera l  was s a t i s f a c t o r y .  Flow through t h e  en t rance  
and t h e  bend was smooth and p res su res  on t h e  f a c e  of t h e  c r e s t  and bend 
indica ted  s a t i s f a c t o r y  flow condi t ions .  Small v o r t i c e s  appeared over t h e  
en t r snce  i n  t h e  v i c i n i t y  of t h e  p i e r s  and they  became i a r g e r  when t h e  
p i e r s  were submerged, i n d i c a t i n g  t h a t  t h e  p i e r  he igh t s  should be increased.  
Ca l ib ra t ion  of t he  prel iminary sp i l lway,  Figure 7, showed a d ischarge  of 
h,530 second f e e t  a t  r e s e r v o i r  e l e v a t i o n  2297.0, i n d i c a t i n g  t h a t  t h e  f h r o a t  
diameter  should be increased  t o  g ive  t h e  required 5,000 second f e e t  
discharge. , The sp i l lway was operated a f t e r  removing t h e  d e f l e c t o r  on t h e  
downstream s i d e  of t h e  throa t .  A t  d i scharges  above 3,300 second f e a t ,  wi th  
t h e  c r e s t  submerged, t h e  tunnel  ran  f u l l  and p res su res  were below 
atmospheric i n  the  sp i l lway entrance.  This  u n s a t i s f a c t o r y  performance 
demonstrated t h e  need f o r  a d e f l e c t o r  i n  t h e  t h r o a t .  

The recommended ent rance  s t r u c t u r e ,  Figure 9 ,  has p i e r s  I4 f e e t  
high and a t h r o a t  diameter  of 13 f e e t  6 inches. Flow was s a t i s f a c t o r y  a t  
a l l  discharges.  Vortex a c t i o n  occurred as before,  b u t  t h e  h igher  p i e r s  
reduced t h e  s i z e  of t h e  vo r t i ces .  Pressures  throughout t h e  c r e s t  and 
bend were satisfactory. The d i scha rge  capac i ty  curve f o r  t h e  recommended 
entrance,  Figure 7, rihowed a d i scha rge  of 5,000 second f e e t  a t  r e s e r v o i r  
water-surface e l eva t ion  2297. The sp i l lway capac i ty  was influenced by 
t h e  d e f l e c t o r  width which was ad jus t ed  t o  g ive  t h e  requi red  discharge.  



performance because t h e  j e t  d id  not spread i n  passing down the  chute ,  
thus  causing a flow concentrat,ion i n  t h e  c e n t e r  of t he  s t i l l i n g  basin.  
S t i l l i n g  Basin No. 2 ,  Figure 13, had a longcr  a n d ' f l a t t e r  parabol ic  
chute  s e c t i o n  than Basin No. 1. The performance was improved, but t h e  
flow was s t i l l  concentrated i n  t h e  c e n t e r  of t h e  LasAn, and t h e  scour 
was p r a c t i c a l l y  unchanged. A longer  chute with a more gradual  parabol ic  
s lope  was then  used f o r  Basin No. 3 ,  Figure 15. The h o r i z o n t a l  floor 
was lowered 4 f e e t  and b a f f l e  piers and a solid end s i l l  were used 
ins t ead  of t h e  dentated end s i l l .  operat ion was s a t i s f a c t o r y  with t h e  l 

spreader  walls i n s t a l l e d ,  but t h e i r  ren;oval r e su l t ed  i n  b e t t e r  spreading 
of t h e  flow. Pressures on t h e  chute  and b a f f l e  p i e r s  were above atmos- 
pheric  and scour  i n  t h e  r i v e r  channel uas modcrate. Accordingly, t h i s  
bas in  was recommended f o r  cons t ruc t ion .  

Shadehi l l  Dam i n  t h c  Missouri River Basin i s  loca ted  on t h e  
Grand River near  Lemon, South Dakota, a t  t h e  northern border  of t h e  
s t a t e ,  Figure 1. It i s  f o r  t h e  purpose of  f lood c o n t r o l  and s to rage  of 
i r r i g a t i o n  wacer. The dam i s  a compacted e a r t h - f i l l  s t r u c t u r e  covered 
with a p r o t e c t i v e  l a y e r  of rock r i p r a p  and t h e  c r e s t ,  a t  e l eva t ion  2318, 
is 125 f e e t  above the  streambed. An emergency s p i l l w a r  on t h e  l e f t  
abutment c o n s i s t s  of a f l a t  s e c t i o n  1 , 5 0 0  f e e t  i n  length  excavated t o  
e l eva t ion  2297, o r  21 f e e t  lower than t h e  c r e s t  of t h e  d m .  An o u t l e t  
works i n s t a l l e d  a t  t h e  l e f t  r iverbank d ischarges  i n t o  t h e  s t i l l i n g  bas in  
a t  t h e  head o f  an  i r r i g a t i o n  canal ,  Figure 2. 

A s e r v i c e  o r  tunnel  spi l lway i s  loca ted  a t  t h e  l e f t  r iverbank 
as shown i n  Figure 3. The ent rance  t o  t h e  sp i l lway i s  of t h e  rnorning- 
g lory  type  wi th  an  ou t s ide  diameter  of 33 f e e t  8 inches,  t h e  a r e s t  a t  
e l eva t ion  2272.00. A 900 bend connects t he  c r e s t  s t r u c t u r e  t o  t h e  13.5- 
foot-diameter  ho r i zon ta l  t unne l  which was used t o  d i v e r t  t h e  r i v e r  flow 
d u r i n g  cons t ruc t ion  of t h e  dam. The tunnel  d ischarges  i n t o  a concre te ,  
hydraulic-jump-type s t i l l i n g  basin.  Maximum sp i l lway d ischarge  i s  5,000 
second feet a t  r e s e r v o i r  e l e v a t i o n  2297.00. The model s t u d i e s  of t h e  
s e r v i c e  sp i l lway,  descr ibed  i n  t h i s  r e p o r t ,  were made t o  observe and, 
where necessary,  t o  improve t h e  hydraul ic  p e r f o w n c e .  

The model of t h e  morning-glory sp i l lway was b u i l t  t o  a s c a l e  
of 1:20.?32. This s c a l e  r a t i o  r e su l t ed  from us ing  7.81-inch-inside- u 

diameter  p l a s t i c  conduit ,  which was i n  s tock  i n  t h e  l abora to ry ,  t o  
r ep resen t  t h e  13.5-foot-diameter tunnel.  The model, Figure 4 ,  w a s  b u i l t  
i n  two s h e e t  metal-lined wooden boxes. A 6-inch supply' pipe from a Y 



i h e  flow before  it entered t h e  sp i l lway ent rance  area.  An o r i f i c e  meter 
i n  t h e  supply l i n e  was used t o  measure t h e  flow t o  t h e  model which required 
a maximum discharge  of 2.5 second f e e t .  

1 
The 8- by l e f o o t  head box supported above t h e  l abora to ry  f l o o r  

contained t h e  morning-glory ent rance  and bend which were made of t r ans -  
parent  p l a s t i c .  The tunne l  was a l s o  made of t ransparent  p l a s t i c  and t h e  
p i e r s  on t h e  c r e s t  were b u i l t  of wood. Topography surrounding t h e  s p i l l -  

J nay ent rance ,  which represented t h e  upstream f a c e  of t h e  dam embankment, 
was formed of concrete  p l a s t e red  on metal l a t h  and held i n  p l ace  by 
wooden supports .  

The t a i l  box contained t h e  s t i l l i n g  bas in  and a por t ion  of t h e  
downstream r i v e r  charinel. The hor izonta l  apron and chute  of t h e  bas in  
were made of concrete  screeded t o  metal tgmplates  and t h e  t r a i n i n g  walls 
were made of wood faced with shee t  metal. Chute blocks,  b a f f l e  p i e r s ,  
spreader  w a l l s ,  and end sil l  were made of wood. An e rod ib le  r iverbed  
was formed by us ing  sand of which a l l  passed a No. 8 s i e v e  and 90 percent  
was re t a ined  on a No. 50 sieve.  A hinged g a t e  a t  t h e  end of  t h e  t a i l  box 
was used t o  r egu la t e  t h e  tai l -water  e l eva t ion  which w a s  measured wi th  a 
s t a f f  gage. 

The mcdel was geometr ica l ly  similar t o  t h e  pro to type  except 
t h e  model s l o p r  of  t h e  tunnel  was increased  t o  0.05378 from t h e  prototype 
s lope  of 0.0/,344. This d i s t o r t i o n  i s  a necessary c o r r e c t i o n  f o r  models 
of t h i s  type and t h e  fol lowing d i scuss ion  exp la ins  b r i e f l y  t h e  reason f o r  
t h e  inc rease  i n  s lope  1/. A mcdel r equ i re s  extremely smooth su r faces  t o  
r ep resen t  t h e  prototype s u r f a c e  t o  t h e  proper sca l e .  Since such a 
su r face  cannot be produced, t h e  f r i c t i o n  l o s s e s  i n  t h e  madel a r e  t o o  high 
and v e l o c i t i e s  a t  t h e  terminus of a model s t r u c t u r e  a r e  lower than  t h e  
s c a l e  ve loc i ty .  Increas ing  t h e  s lope  of t h e  tunne l  compensates f o r  t h e  
g r e a t e r  model f r i c t i o n  s o  that t h e  proper v e l o c i t y  i s  obtained f o r  t h e  
flow en te r ing  t h e  s t i l l i n g  basin.  . 
r 

I n  t e s t i n g  t h e  model, flows represent ing  up t o  t h e  maximum of 
5,000 second f e e t  were passed through t h e  s t r u c t u r e .  The morning-glory 
entrance and bend were f i r s t  s tudied  and modified u n t i l  s a t i s f a c t o r y  
r e s u l t s  were obtained. Then t h e  s t i l l i n g  bas in  was t e s t e d  and a l t e r e d  
u n t i l  t he  opera t ion  was s a t i s f a c t o r y .  Pressures  were measured on t h e  
entrance and bend by two rows of piezometers loca ted ;  a s  shown i n  Figure 6 ,  
and pressures  were obtained on t h e  chute and b a f f l e  p i e r s  of t h e  s t i l l i n g  
pool a s  shown i n  Figure 17. A l l  p ressures  a r e  reported i n  terms of 
prototype dimensions. Erosion of t h e  r i v e r  channel was used as a c r i t e r i o n  

I. i n  determining t h e  e f f ec t ivences  of t h e  s t i l l i n g  basin. 

u" L/A more d e t a i l e d  account can be found i n  the  Hydraulic Laboratory 
Report No. Hyd-158. 



Pre l iminary  Entrance and Bend 

Operation and pressures.  The prelirni,mry spi l lway ent rance  
and bznd i s  shown i n  Figure 5. The c r e s t  was a t  e l eva t ion  2272.00 and 
t h e  naxirnum entrance diameter  was 32 f e e t  8 inches ,  with a t h r o a t  
diameter  of 1 2  f e e t  6 inches a t  e l e v a t i o n  2260. A t r a n s i t i o n  bend 
s t a r t e d  a t  t h e  t h r o a t  and connected t h e  morning g lo ry  t o  t h e  13.5-foot- 
diameter  ho r i zon ta l  tunnel .  Six p i e r s  10 f e e t  high were spaced equi- 
d i s t a n t  around t h e  c r e s t  and a d e f l e c t o r  w a s  loca ted  on t h e  downstream 
s i d e  of t h e  bend c o n s i s t i n g  of a p ro jec t ion  5 fee t  9 inches  wide, as  
shown i n  Figure 5. 

The spi l lway was operated a t  var ious  c a p a c i t i e s  up t o  5,000 
second f e e t ,  znd t,he appaararlck of t he  flows through t h e  morning-glory 
ent rance  and bend was observed. The d e f l e c t o r  prevented t h e  ho r i zon ta l  
t unne l  from running f u l l .  Hydraulic performance of t he  prel iminary 
d e s ign  was considered s a t i s f a c t o r y  a s  judged v i sua l ly .  Other considera- 
t i o n s ,  as discussed l a t e r ,  required sozne modif icat ions t o  t h e  entrance 
s t r u c t u r e .  

Pressures were measured along t h e  upstream and downstream s i d e  
of t h e  c r e s t  and bend a t  the  l o c a t i o n s  shown i n  Figure 6. The Curves A ,  
B, and C i n  t h e  f i g u r e  show t h e  p res su res  f o r  t h r e e  d i f f e r e n t  discharges.  
With a d ischarge  of 2,950 second f e e t  the pressure  near  t h e  t h r o a t  was 
2 f e e t  of water  below atmospheric bu t  at a l l  other piezometers and with 
var ious  d ischarges ,  p re s su res  were above atmospheric. S ince  t h e  lowest  
pressures  were only s l i g h t l y  below atmospheric,  t he  en t rance  and bend 
were considered s a t i s f a c t o r y  i n  regard t o  c a v i t a t i o n .  

The d e f l e c t o r  i n  the  spi l lway t h r o a t  was then removed and the  
tunnel  ran f u l l  for . f lows above 3,000 second f e e t .  Curves D and 5 ,  
Figure 6, show t h e  preesures f o r  two d ischarges  with t h e  t unne l  f i l l e d .  
The p res su res  were lower than those  ~ b t a i n e d  a t  corresponding d ischarges  
n i t h  t h e  d e f l e c t o r  i n  p lace ,  t h e  lowest pressure  measured being 29 f e e t  
of water below atmospheric a t  Piezometer 1 9  w i t h  a d i scha rge  of 4,980 
second f e e t .  With t h e  tunnel  running f u l l ,  a suc t ion  head was produced 
causing t h e  genera l  lowering of a l l  pressures  and an  i n s t a b i l i t y  of 
flow. The low pressures  demonstrated the  need f o r  a d e f l e c t o r  t o  keep 
t h e  water  su r face  f r e e  of the  inne r  r ad ius  of  the'bend and the  tunne l  
roof .  

Cal ibra t ion .  A discharge  capac i ty  curve was obtained f o r  t h e  
p r e l i d n a r y e n t r a n s e .  with a e f l e c t o r ,  by determining t h e  r e s e r v o i r  water 
s u r f a c e  e l eva t ion  f o r  var ious  discharges measured by a n  o r i f i c e  meter i n  
t h e  supply l i n e .  The curve,  p lo t t ed  on Figure 7, has two predominant 
s l o p e s ,  with t h e  change occurr ing a t  r e s e r v o i r  e l eva t ion  2277. At 



and an inc rease  i n  head r e s u l t s  both i n  an inc rease  i n  a rea  and veloc- 
i t y  s o  t h e  d ischarge  depends on ~3/2. When t h e  c r e s t  becomes submerged 
above r e s e r v o i r  e l eva t ion  2277 an inc rease  i n  head inc reases  t h e  
v e l o c i t y  through t h e  en t rance ,  but  t h e  a rea  remains cons tant ;  conse- 

'1 
quent ly  t h e  d ischarge  depends on $12. These two r e l a t i o n s  of d ischarge  
t o  H explains t n e  change i n  s lope  of t h e  discharge curve t h a t  r e s u l t s  
when t h e  c r e s t  becomes submerged. 

J The d ischarge  a t  r e s e r v o i r  e l e - ~ a t i  on 2297 was 4,530 second 
f e e t ,  o r  470 less than  t h e  required 5,000'3econd f e e t .  This  l a c k  of 
capac i ty  indica ted  t h a t  an  inc rease  i n  t h e  diameter  of t h e  morning- 
glorf  entrance would be necessary and t h i s  was one of t h e  changes made. 

P i e r  and vor tex  s tud ie s .  With the  sp i l lway opera t ing  
subnerged, small v o r t i c e s  occurred on t h e  water su r face  over the  
entrance f o r  r e s e r v o i r  e l eva t ions  between 2277 and 2290. The v o r t i c e s  
were l a r g e s t  when t h e  p i e r s  were submerged between r e s e r v o i r  e l eva t ions  
2282 and 2286, i n d i c a t i n g  higher  p i e r s  were necessary. As t h e  r e s e r v o i r  
water sur face  was r a i s e d  above e l e v a t i o n  2286, t h e  s i z e  of t h e  v o r t i c e s  
decreased u n t i l  no vor tex  a c t i o n  was present  a t  r e s e r v c i r  e l eva t ion  
2299 and above. This t e s t  e s t ab l i shed  that, a t  a head of 1 8  f e e t  o r  more 
over the  c r e s t  no v o r t i c e s  occurred. 

The model was next  operated wi th  t h e  p i e r s  renoved t o  de ter -  
mine i f  t hey  were necessary f o r  proper opera t ion  of t h e  spillway. 
Vortex ac t ion  occurred over t h e  same range of r e s e r v o i r  e l eva t ions  as 
before  when t h e  p i e r s  were ir. place. However, the  vo r t ex  was much 
l a r g e r  than occurred with t h e  p i e r s  i n s t a l l e d .  The s i z e  o f - t h e  vo r t ex  
was a m a x i m  a t  r e s e r v o i r  e l eva t ion  2279 and measurements were made 
of t h e  diameter  of t h e  vor tex  a t  var ious  d i s t ances  below the  water 
sur face .  This data is p lo t t ed  i n  Figure 8. The curves through these  
po in t s ,  represent ing  t h e  water  su r face  of t h e  vor tex ,  a r e  defined by 
t h e  equat ion hr2 = U.3. The vor tex  extended below t h e  sp i l lway c r e s t  
with the  t a i l  of t h e  vo r t ex  ending a t  t h e  downstream end of t h e  
v e r t i c a l  bend. The l a r g e  vo r t ex  t h a t  formed without  p i e r s  on t h e  c r e s t  
3howed t h e  importance of p i e r s  i n  decreasing t h e  vo r t ex  s i ze .  

Recornended Entrance and Bend 

Operation and pressures.  The second ent rance  and bend t e s t e d  
is  shown i n  F i m e  9. The diameter  of t h e  sp i l lway  t h r o a t  w a s  equal  t o  
t h a t  of t h e  tunne l  o r  13.5 f e e t ,  s o  t h a t  t he  v e r t i c a l  bend was of . 
cons tant  diameter.  The maximum spi l lway ent rance  diameter  was increased  
1 foo t  t o  33 f e e t  8 inches. The c r e s t  remained at  e l eva t ion  2272.00 
and t h e  shape of the  morning-glory c r e s t  s e c t i o n  was t h e  same as t h a t  of 

& 
t h e  pre l iminary  entrance. The p i e r s  were 14 f e e t  high,  an  i n c r e a s e  of  



s i d e  of t he  throat, was red;ced from a 9-inch width a t  t h e  bottom t o  
a 4-inch width. This dimension was a c t u a l l y  determined i n  t h e  model 
from c a l i b r a t i o n  t e s t s .  

The sp i l lway was operated throughout i t s  range of r e s e r v o i r  
e l e v a t i o n s  and d ischarges  up t o  t h e  maximum of 5,000 second f ee t .  The 
f low had a s a t i s f a c t o r y  appearance throughout t h e  en t rance ,  t h e  bend 
and t h e  tunnel.  Small v o r t i c e s  occurred on t h e  water  s u r f a c e  near t h e  
p i e r s  f o r  r e s e r v o i r  e leva t ions  2277 through 2290. With t h e  U-foot- b 

high p i e r s  t h e  v o r t i c e s  were smai le r  f o r  r e s e r v o i r  water su r face  
e l e v a t i o n s  2282 through 2286 chan had occuibred i n  t h e  t e s t  using 10- 
foot-high p i e r s .  This reduct ion  i n  vortex a c t i o n  j u s t i f i e d  t h e  
i n c r e a s e  i n  p i e r  height  and t h e  U-foot  p i e r s  were recommended f o r  
cons t ruc t ion  i n  t h e  prototype. 

Pressures  were measured on two oppos i te  face?  of t h e  en t rance  
by t h e  14 piezometers loca ted  a s  shown i n  Figure 10. The curves i n  
Figure 1 0  show t h e  prnessures on these  piezometers f o r  t h e  fou r  d ischarges  
indica ted .  The minimum 9res su re  occurred just above t h e  t h r o a t  a s  on 
t h e  prel iminary ent rance ,  a d  was 3 f e e t  of water  below atmospheric a t  
Piezometer No. 6 with a d ischarge  of 2915 second f e e t .  A water-surface 
p r o f i l e  through t h e  bend, as shown i n  Figure 10  f o r  a  d ischarge  of 
5,000 second f e e t ,  shows the  e f f ec t iveness  of t h e  d e f l e c t o r  i n  forc ing  
t h e  water t o  remain f r e e  of t h e  roof of bend and tunnel.  This arrange- 
ment was considered s a t i s r a c t o r y  from the  r e s u l t s  of t h e  pressure  
s t u d i e s  and from v i s u a l  observat ions.  

Cal ibra t ion .  The d ischarge  capaci ty  was then  checked, using 
t h e  4-inch-wide de f l ec to?  i n  t h e  th roa t .  The curve,  l abe led  recommended 
on Figure 7, shows t h e  des i red  d ischarge  of 5,000 second f e e t  a t  
r e s e r v o i r  e l e v a t i o n  2297. This curve has t h e  same c h a r a c t e r i s t i c s  and 
shape as t h e  former, but  it is  s h i f t e d  t o  t h e  r i g h t  because of t h e  
increased diameter  of t h e  entrance s t r u c t u r e .  The c a l i b r a t i o n  completed, 
t h e  spi l lway ent rance  t e s t s  and s t u d i e s  were next  made on t h e  s t i l l i n g  
bas in  a t  t h e  tunnel  po r t a l .  

INVESTIGATION OF SPILLWAY STIbLING BASIN 

Prel iminary S t i l l i n a  Basin 

Operation and erosion. The prel iminary s t i l l i n g  bas in ,  
Figure 11, was 1 5 1  f e e t  long and t h e  maximum width was 44 f e e t .  A 
t r a n s i t i o n  s e c t i o n  28 f e e t  long  changed t h e  c i r c u l a r  t unne l  t o  a horse- 
shoe tunnel  a t  t h e  por ta l .  The ho r i zon ta l  bas in  f l o o r ,  except f o r  s i d e  
f i l l e t s ,  was at  e l eva t ion  2185.0; g iv ing  a t a i l w a t e r  depth  of 18.5 f e e t  
a t  t h e  maximum discharge  of 5,000 second f e e t .  Diverging wa l l s  placed Y 



width a t  t h e  poi-tal  t o  t h e  Ir4-foot width a t  t h e  t o e  of t h e  chute. 

Operation of t h e  s t i l l i n g  bas in  with t h e   mum discharge  
of 5,000 second f e e t  i s  shown i n  Figure 1211. The jump formed too  f a r  
downstream as t h e  t o e  of t h e  chute was exposed. The water s u r f a c e  i n  

? 
t h e  channel was rough with 3-foot high waves. The p r o f i l e  of t h e  , 

chute d id  not conform t o  t h e  t r a j ec t ,o r~ r  of t h e  water flowing over it. 
This caused l o w  pressures  on t h e  chute,  and very  l i t t l e  spreading of  

4 t h e  fl-ow. The flow was concentrated i n  t h e  cgnter  of t he  bas in ,  t hus  
t h e  spreader  walls were i n e f f e c t i v e .  

An eros ion  t e s t  was run by opera t ing  the  mcdel f o r  1 hour 
a t  a discharge of 5,000 second f e e t  with t h e  t a i l  water  a t  e l eva t ion  
2204.5. The scour t h a t  r e su l t ed  i s  shown i n  Figure 12B. The lowest  
streambed e l eva t ion  was 3 f e e t  below t h e  apron f l o o r  a d  occurred a t  
t h e  cut-off wa l l  on each si.de of t h e  basin.  While t h e  conditi.on of 
t he  bed showed f a i r  s t i l l i n g  a c t i o n ,  t h e  removal of a l l  sand from the  
concre te  s i d e  s lopes  ind ica t ed  tu rbu len t  f low and high v e l o c i t j e s  near  
t h e  water surface.  

S t i l l i n g  Basin No. 2 

ope ratio;^ and erosion.  The concent ra t ion  of flow i n  t h e  
c e n t e r  of t h e  bas in  was t h e  g r e a t e s t  ob jec t ion  t o  t h e  performance of 
t h e  prel iminary s t i l l i n g  basin.  This was caused by t h e  shape of t h e  
chute sec t ion  s o  t h i s  po r t ion  of t h e  bas in  was modified f o r  S t i l l i n g  
Sasin No. 2. The t r a i n i n g  wal l  divergence was changed by e l iminat ing  
t h e  90-foot r ad ius  a t  t h e  tunne l  p o r t a l  t o  g ive  s t r a i g h t  walls, 
Figure 13. The v e r t i c a l  curve and s t e e p  s lope  of t h e  chute  f l o o r  
were replaced by a parabolic-shaped f l o o r  as shown i n  t h e  same f igu re .  
Remaining f e a t u r e s  of t h e  bas in  were unchanged from t h e  prel iminary.  

Operation of t h e  model with t h e  maxi rmun  d i scharge  of 5,000 
second f e e t  i s  shown i n  Figure 14A. Comparison of t h e  photograph with 
Figure 1 2 A  shows a smoother water su r face  i n  S t i l l i n g  Basin No. 2 than  
i n  t h e  prel iminary basin. The change i n  t h e  shape o f  t h e  chute 
r e s u l t e d  i n  t h i s  improvement s i n c e  g r e a t e r  spreading of t h e  flow 
occurred, g iv ing  a more uniform energy d i s t r i b u t i o n  ac ross  the s t i l l i n g  
basin. The flow spread more i n  t h e  chute  because t h e  parabol ic  f l o o r  
conformed t o  t h e  t r a j e c t o r y  of t h e  water ,  giving h igher  f l o o r  pressures ,  
which i s  e s s e n t i a l  t o  spreading of t h e  flow. Hauever, t h e  ve loc i ty  of  
t h e  water a t  t h e  t r a i n i n g  wa l l s  of t h e  s t i l l i n g  bas in  was lower than i n  
t h e  c e n t e r  which shoved t h a t  f u r t h e r  spreading of t h e  flow was des i r ab le .  4 

The jump was contained i n  t h e  bas in  and t h e  chute blocks were no t  
exposed as i n  t h e  prel iminary design. However, t h e  depth of water over 
t h e  ho r i zon ta l  f l o o r  was not considered g r e a t  enough f o r  s a f e  opera t ion  

& s i n c e  a 2-foot decrease i n  t a i l  water caused t h e  jump t o  sweep out.  



discharge  of 5,000 second f e e t  i s  shown i n  Figure IkB. The scour was 
similar t o  t h a t  obtained with t h e  prel iminary s t i l l i n g  bas in ,  but  a 
depress ion  i n  t h e  streambed extending 150 f e e t  downstream from t h e  
r i g h t  s i d e  of the  basin indica ted  a concent ra t ion  of f low i n  t h i s  
region. Less scour would occur by having more uniform flow ac ross  t h e  
s t i l l i n g  bas in  toge the r  with more ta i l -water  depth. 

v 

S t i l l i n g  Basin No. 3 
b 

Basin with spreader  wal l s .  B t i l l i n g  Basin No. 3 i s  shown i n  
Figure 15. The l eng th  of t he  chu te  t r a j e c t o r y  and hor i zon ta l  s e c t i o n  
were both increased  s o  t h a t  t h e  t o t a l  l eng th  was 190 f e e t  i n s t ead  of 

- t h e  previous l e n g t h  of 1 5 1  f ee t .  Length of t h e  tunnel  t r a n s i t i o n  a t  t h e  
p o r t a l  was increased t o  40 f e e t  t o  al low more l e n g t h  f o r  spreading of 
t h e  flow. The hor izonta l  f l o o r  was lowered 4 f e e t  t o  e l eva t ion  2182.00 
and a s o l i d  end s i l l ,  3 f e e t  high, and b a f f l e  blocks were used ins t ead  
of a dentated end sill .  The parabol ic  chute f l o o r  was l e s s  s t e e p  than  
t h e  parabola of S t i l l i n g  Basin No. 2. Spreader walls  were a l s o  used 
and a r e  shown by t h e  dot ted  l i n e s  i n  Figure 15. Five piezometers were 
i n s t a l l e d  along t h e  c e n t e r l i n e  of t h e  chute and f o u r  piezometers were 
placed i n  one of t h e  b a f f l e  p i e r s .  

Operation of t h e  model a t  5,000 second f e e t  d ischarge  and 
t a i l  water a t  e leva t ion  2204.5 i s  shown i n  Figure 16~. The performance 
was g r e a t l y  improved over t h a t  of Basin No. 2. 'The jump was contained 
i n  t h e  bas in  and the  water su r face  i n  t h e  r i v e r  channel was smooth. It 
requi red  lowering of t h e  t a i l  water 5 f e e t  before  the  jump would sweep 
out. 

The eros ion  r e s u l t i n g  from ope ra t ing  1 hour a t  a d ischarge  of 
5,000 second f e e t  i s  showr. i n  Figure 168.. The streambed a t  t h e  end of 
t he  bas in  was 1 f o o t  above t h e  apron f l o o r  i n s t e a d  of 3 f e e t  lower than  
t h e  apron a s  occurred i n  t h e  two former s t u d i e s .  Erosion was l e s s  
throughout t h e  length  of t h e  ta i l  box than had occurred i n  any previous 
t e s t s .  

With t h e  spreader  wal l s  i n  p lace ,  pressures  on t h e  chute and 
water-surface p r o f i l e s  were measured. The r e s u l t s  a r e  shown i n  
Figure 1 7  with a d ischarge  of 5,000 second f e e t  and ta i l -water  e l eva t ion  
2204.5. A l l  p ressures  were above atmospheric and va r i ed  from 7 f e e t  t o  
1 f o o t  of water. The u a t e r  su r face  p r o f i l e s  showed a g r e a t e r  depth of 
water a t  t h e  c e n t e r l i n e  of the  chute than a t  the  s ides .  Transverse 
Sec t ion  AA of Figure 17 shows t h i s  g r e a t e r  depth  a t  t h e  center .  The L 

spreader  walls shown i n  t h e  s e c t i o n  appear t o  confine t h e  flow t o  t h e  
c e n t e r  i n s t ead  of a c t i n g  t o  spread the water  t,o t h e  t r a i n i n g  w a l l s .  

4 

8 
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on t h e  chute were removed and t h e  concrete  s i d e  s lopes  i n  t h e  t a i l  borx 
! were c u t  off f o r  a l e n g t h  of 50 f e e t  a t  t h e  end of t h e  bas in  and 

replaced with sand. Performance of t h e  basin wi th  a d ischarge  of 5,000 
second f e e t ,  Figure 18A, showed improvement over  t h a t  with the  spreader  

C 
walls i n  place. A more uniform flow d i s t r i b u t i o n  occurred ac ross  t h e  
bas in  with a r e s u l t i n g  smoother water  su r face  i n  t h e  r i v e r  channel. 

Pressures  were measured an t h e  c e n t e r l i n e  of t h e  chute  and on 
4 

t h e  four  -iezometers cn t h e  b a f f l e  p i e r ;  t h e  r e s u l t s  f o r  d ischarges  of 
3,400 and 5,000 second f e e t  a r e  shown i n  Figure 17. Pressures  on t h e  
chute were a l l  above atmospheric and showed l e s s  v a r i a t i o n  a long t h e  
length  of t h e  chute than  occurred with t h e  spreader  walls i n s t a l l e d .  
The pressi i res  on t h e  b a f f l e  p i e r  were above atmospheric f o r  a11 oper- 
a t i n g  condi t ions ,  pressures  being higher  f o r  t h e  lower d ischarge  as 
shown i n  t h e  t a b l e  of  Figure 17.. Water sur face  p r o r i l e s  a r e  shown i n  
t h e  f igu re  f o r  a d ischarge  of 5,000 second f e e t  with ta i l -water  eleva- 

I t i o n  2204.5 and 2215.0, The depth of water  i n  t h e  chute  was more uniform 
than  had occurred wi th  t h e  spreader  wa l l s  i n  place. A second t r ansve r se  

I 

Sect ian  AA i n  Figure 17 shows t h e  depth of water  a t  t h e a t r a i n i n g  walls 
t o  be only s l i g h t l y  l e s s  than  t h e  depth a t  t h e  c e n t e r l i n e  which was a n  
improvement over any r e s u l t s  obtained with t h e  spreader  wa l l s  i n s t a l l e d .  

Two eros ion  t e s t s  were run without t h e  spreader  walls. The 
f irst  t e s t  was f o r  1 hour a t  5,000 second f e e t ,  Figure 18B.  Grea te s t  
depth of scour was 1 foot  below t h e  apron f l o o r  a t  t h e  cut-off wall on 
t h e  r i g h t  s i d e  of t h e  bas in  bu t  was considered s a t i s f a c t o r y .  Sand on 
t h e  concrete  s i d e  s lopes  ind ica t ed  a l e s s  tu rbu len t  water su r face  than  
occurred with any of t h e  previous basins.  

The second eros ion  t e s t  made use  of a d i f f e r e n t  bed mater ia l .  
The- sand i n  t h e  t a i l  box was s t a b i l i z e d  by mixing with cement i n  t h e  
r a t i o  of 1 p a r t  of cement t o  90 p a r t s  of sand by weight. The ma te r i a l s  
were fom,ed t o  t h e  shape of t h e  r i v e r  c h a m e l  and a f t e r  s e t t i n g  f o r  
48 hours, t h e  bed was f i rm and ready f o r  t h e  e ros ion  t e s t .  The model 
was operated f o r  7 hours a t  t h e  maximum discharge  of 5,000 second f e e t  
3rd t a i l -water  e l e v a t i o n  2204.5. 'L'he r e s u l t i n g  e ros ion  i s  shown i n  
Figure l9A and B. Scour was n o t  severe  and was confined t o  t h e  bed of 
t h e  chennel. The banks were smooth i n d i c a u n g  minor erosion from wcve 
ac t ion .  With s t a b i l i z e d  sand, holes  eroded i n  the  channel were not  
f i l l e d  by l o o s e  sand s o  t h a t  a r e a s  subjected t o  t h e  most scour could 
be loca ted .  This t e s t  i nd ica t ed  eros ion  t o  be g r e a t e s t ,  not  a t  t h e  end 
of t h e  s t i l l i n g  basin, but  100 feet downstream from this point .  From 
these  t e s t s ,  t oge the r  with t h e  opera t ing  and pressure  t e s t ,  t h e  s t f i l i n g  
bas in  w a s  considered s a t i s f a c t o r y  and was recommended f o r  cons t ruc t ion .  











S E C T I O N  A-A 

S H A D E H I L L  D A M  
S E R V I C E  SPILLWAY ENTRANCE 

PRELIMINARY 





DISCHARGE SECOND - FEET 

SHADEHILL DAM SPILLWAY 
DISCHARGE C A P A C I T Y  CURVES 





S H A D E H I L L  D A M  
SERV,ICE SPILLWAY ENTRANCE 

RECOMMENDED 





FIGURE 12 

A. Operation at 5,000 second-feet 
Tailwater elevation 2204.5 

B. Scour after 1 hour at 5,000 second-feet 
Tailwater elevation 2204.5 

SHADE HILL DAM 
Service Spillway 

Preliminary Stilling Basin 





FIGURE 14 

A. Operation at 5,000 second-feet 
Tailwater elevation 2204.5 

B. Scour after 1 hour at 5,000 second-feet 
Tailwater elevation 2204.5 

SHADEHILL DAM 
Service Spillway Stilling Basin No. 2 



SECTION A-A 



FIGURE 16 

A. Operation at 5,000 second-feet 
Tailwater elevation 2204.5 

B. Scour after 1 hour at 5,000 second-feet 
Tailwater elevation 2204.5 

SHADEHILL DAM 
Service Spillway Stilling Basin No. 3 

With Spreader Walls 





FIGURE 18 

A. Operation at 5,000 second-feet 
Tailwater elevation 2204.5 

B. Scour after 1 hour at 5,000 second-feet 
Tailwater elevation 2204.5 

SHADEHILL DAM 
Service Spillway Stilling Basin No. 3 

Without Spreader Walls—Recommended 



FIGURE 19 

A. Scour after 7 hours at 5,000 second-feet 
with stabilized sand-overall view 
Tailwater elevation 2204.5 

B. Scour after 7 hours at 5,000 second-feet 
with stabilized sand--closeup view 

SHADEHILL DAM 
Service Spillway Stilling Basin No. 3 

Without Spreader Walls—Recommended 


