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PURPOSE 

To investigate the hydraulic charac ter i s t ics  of the bifurcation, 
gate s t ructure,  and sti l l ing basin proposed for  the outlet works of Sly 
P a r k  Dam to ensure  satisfactory operation. 

CONCLUSIONS 

1. The stilling basin performs satisfactorily without the t r i -  
angular-shaped sti l l ing basin baffles and dividing wall (Figure 6). The 
baffles did not appreciably improve the basin 's  operation and slightly 
increased the head l o s s  through the s t ruc ture  (Figure 9).  

2. The operation of the basin with equal o r  unequal gate open- 
ings i s  satisfactory with o r  without the baff les  installed. Adequate sti l l-  
ing i s  obtained even when one gate i s  fully closed and the other fully open. 

3.  The accumulated head loss  through the bifurcation slide gates,  
stilling basin, and bellmouth i s  shown in ~ i g u r e ' b .  

4. No  negatlve pressures  seve re  enough to cause cavitation will 
occur  on the gate leaf, f rame,  o r  the roof of the conduit below the gate. 
The pressure data lor  those piezometers yielding the lowest readings a r e  
presented in the nondimensional form of p ressu re  coefficients in Figure 10. 

5. The preliminary design outlet works, with the triangular- 
shaped baffles and the dividing wall omitted, wil l  give satisfactory opera- 
t ion. 
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INTRODUCTION 

Sly P a r k  D a m  i s  l oca ted  on  Sly  P a r k  C r e e k  in  E l d o r a d o  County 
a b o u t  12 air  l i ne  m i l e s  e a s t  of P l a c e r v i l l e ,  C a l i f o r n i a  ( F i g u r e  1). T h e  
p r i n c i p a l  c o n s t r u c t i o n  f e a t u r e s  a re  a n  e a r t h -  and rock- f i l l  d a m ,  a n  
e a r t h -  and  rock- f i l l  d ike ,  a conc re t e - l ined  sp i l lway  o n  t h e  left abu t -  
m e n t  o f  t he  dike,  a n  ou t l e t  w o r k s  th rough  t h e  d a m ,  a n d  t h e  C a m i n o  Con- 
du i t  ( F i g u r e  2) .  

T h e  sp i l lway  wil l  c o n s i s t  o f  a n  uncont ro l led  ove r f low c r e s t ,  a 
channe l  wi th  a r o a d w a y  b r i d g e  a c r o s s  it, a n d  a c h u t e  which  t e r m i n a t e s  
in  a s h a l l o v ~  s k i - j u m p  bucket .  Hydrau l i c  m o d e l  s t u d i e s  on  t h e  sp i l lway  
a re  r e p o r t e d  in Hydraul ic  L a b o r a t o r y  R e p o r t  No. Hyd-370. 

T h e  ou t l e t  w o r k s  is conta ined  in t h e  m a i n  d a m  a n d  wi l l  c o n s i s t  
of a n  in t ake  s t r u c t u r e ,  a 48-inch p r e s s u r e  conduit ,  a g a t e  c h a m b e r ,  a 
d o w n s t r e a m  condui t  conta in ing  a 36-inch s t e e l  pipe, a n d  a c o n t r o l  s t r u c -  
t u r e  ( F i g u r e s  2 a n d  3) .  T h e  c o n t r o l  s t r u c t u r e  wi l l  i nc lude  a b i furca t ion ,  
two 27- by 27-inch h i g h - p r e s s u r e  s l i d e  g a t e s ,  a n d  a s t i l l i n g  bas in .  The 
d i f f e r e n c e  in head  f r o m  t h e  m a x i m u m  r e s e r v o i r  e leva t ion ,  3476.15, t o  
t h e  c e n t e r  l i n e  of the 36- inch  condui t  a t  the bas in ,  3307.25, is 168.90 
f e e t .  T h e  e l eva t ion  of t he  high point  of t h e  48-inch condui t  d o w n s t r e a m  
f r o m  t h e  b a s i n  is 3341.05 which s u b m e r g e s  the  b a s i n  a m i n i m u m  of 3 3 . 8 0  

T h e  C a m i n o  Condui t  w i l l  c o n s i s t  of a p p r o x i m a t e l y  6 miles of cop-  
c r e t e  pipe a n d  a n u m b e r  of a p p u r t e n a n t  s t r u c t u r e s ,  i nc lud ing  a V e n t u r i  
m e t e r  f o r  m e a s u r i n g  the  r a t e  of flow a n d  a was teway  f o r  l i m i t i n g  the  con- 
du i t  head a n d  d i s c h a r g i n g  a n y  e x c e s s  w a t e r s  r e l e a s e d  t h r o u g h  t h e  out le t  
g a t e s  ( F i g u r e  4). T h e  was teway  is abou t  147 f e e t  d o w n s t r e a m  f r o m  the  
s t i l l i n g  bas in  a n d  is o n  t h e  s i d e  of t h e  h i l l  a b o v e  the  b a s i n  s t r u c t u r e .  
T h e  was teway  o v e r f l o w  c r e s t  i s  s e t  a t  t h e  hydrau l i c  g r a d e  l i n e  f o r  t h e  
n o r m a l  flow of 125 c f s  ( F i g u r e  5). If t h e  out le t  g a t e s  are inadve r t en t ly  
opened  c o m p l e t e l y  unde r  m a x i m u m  r e s e r v o i r  head,  a flow of 2 4 0  cfs 
wi l l  o c c u r  a n d  about  115 cub ic  f e e t  p e r  s e c o n d  wi l l  be w a s t e d  at  the  s t r u c -  

T h e  p r e l i m i n a r y  des ign  o f  t h e  ou t l e t  w o r k s  s t i l l i n g  b a s i n  included 
t r i a n g u l a r - s h a p e d  baf f les  s i m i l a r  to  t h o s e  developed f o r  t h e  s t i l l i n g  bas in  
of t h e  pump- tu rb ine  b y p a s s  va lve  a t  F l a t i r o n  P o w e r  a n d  P u m p i n g  P lan t ,  
C o l o r a d o - B i g  T h o m  pson P r o j e c t  ( R e p o r t  No. Hyd-328). H y d r a u l i c  m o d e l  
s t u d i e s  w e r e  m a d e  to  d e t e r m i n e  the a p p r o p r i a t e n e s s  of t h e  ba f f l e s  f o r  the  
S ly  P a r k  s t r u c t u r e  a n d  t o  d e t e r m i n e  t h e  c h a r a c t e r i s t i c s  of t h e  o v e r - a l l  
d e s i g n .  A d i s c u s s i o n  of t h e s e  m o d e l  s t u d i e s  a n d  t h e  r e s u l t s  ob ta ined  are 
p r e s e n t e d  i n  t h i s  r e p o r t .  



T h e  Model  

A 1:6.75 s c a l e  m o d e l  w a s  c o n s t r u c t e d ,  a n d  a t r a n s p a r e n t  top  
a n d  r igh t  s i d e  placed on  t h e  s t i l l i n g  b a s i n  t o  p e r m i t  o b s e r v a t i o n  of the  
f low within t h e  bas in .  T h e  o b s e r v a t i o n s  w e r e  fac i l i ta ted  by in j ec t ing  a i r  
o r  a d y e  into t h e  flow as i t  e n t e r e d  t h e  bas in .  T h e  length a n d  depth  o f  
the  box i n c o r p o r a t i n g  the  bas in  w e r e  m a d e  g r e a t e r  than r e q u i r e d  by the  
p r e l i m i n a r y  d e s i g n  s o  t h a t  a l a r g e r  b a s i n  cou ld  b e  a c c o m m o d a t e d  i f  i t  
w e r e  found n e c e s s a r y .  A f a l s e  f l o o r  and  d o w n s t r e a m  wa l l  f o r m e d  the  
p r e l i m i n a r y  b a s i n  d i m e n s i o n s .  An e l l i p t i ca l ly  s h a p e d  be l lmouth  w a s  
provided  f o r  t h e  e n t r a n c e  to  the  48- inch  (7.11-inch mode l )  S ly  P a r k -  
C a m i n o  Condui t .  Two 4-  by 4-inch r e g u l a t i n g  g a t e s  i m m e d i a t e l y  up- 
s t r e a m  of the  bas in  r e p r e s e n t e d  t h e  27- by 27-inch r egu la t ing  s l i d e  
g a t e s  of t h e  pro to type  s t r u c t u r e .  T h e  m o d e l  s c a l e  w a s  b a s e d  on t h e  
ava i l ab le  4- by 4-inch g a t e  used  f o r  t h e  m o d e l  s t u d i e s  of the T r e n t o n  
D a m  ou t l e t  w o r k s  (Repor t  No. Hyd-300). A s e c o n d  ga te  w a s  f a b r i c a t e d  
( F i g u r e  7). G a t e  a n d  condui t  p i e z o m e t e r s  w e r e  in s t a l l ed  as shown o n  
F i g u r e s  6 and  7. T h e  a s s e m b l e d  mode l  without t h e  t r i a n g u l a r  ba f f l e s  
a n d  d iv id ing  w a l l  is shown in F i g u r e  8. 

In t h e  p r e l i m i n a r y  des ign  t h e  included a n g l e  be tween t h e  'b i fur -  
ca t ion  b r a n c h e s  w a s  40' ( F i g u r e  6), a n d  a l l  m o d e l  t e s t s  w e r e  m a d e  wi th  
t h i s  b i furca t ion .  L a t e r  t h e  a n g l e  f o r  t h e  pro to type  b i fu rca t ion  w a s  in- 
c r e a s e d  t o  600 but t he  mode l  w a s  not changed b e c a u s e  the  inf luence  o f  
t h i s  d i f f e r e n c e  w a s  c o n s i d e r e d  negl ig ib le  ( F i g u r e  3 ) .  

In i t ia l  t e s t s  w e r e  conducted with .ne mode l  in le t  connected  to  
a turb ine- type  pump ( F i g u r e  6) .  T h e  in le t  w a s  l a t e r  connec ted  to  a 
cons tant -head  t ank  f o r  r e a s o n s  d i s c u s s e d  on  s u b s e q u e n t  p a g e s  of t h i s  
r e p o r t .  

T e s t s  with Model In le t  Connected  t o  P u m p  

S u r g e  in F l o w  

T h e  f i r s t  m o d e l  t e s t s  w e r e  m a d e  with t h e  t r i a n g u l a r  baf f les  
r e m o v e d  f r o m  the  s t i l l i n g  bas in  ( F i g u r e  8). Good p e r f o r m a n c e  s e e m e d  
t o  o c c u r ,  but m e a s u r e m e n t s  with a to t a l  head  tube  in the  ou t l e t  condui t  
( F i p u r c  6)  showed a p r e s s u r e  s u r g e  of abau t  5 fee t ,  p ro to type .  T h e  
s u r g e  w a s  a p p r o x i m a t e l y  the  s a m e  with e i t h e r  s y m m e t r i c a l  o r  unsym-  
m e t r i c a l  g a t e  open ings  a n d  w a s  u n d e s i r a b l e  b e c a u s e  of t h e  poss ib l e  i n t e r -  
f e r e n c e  with p r e s s u r e  m e a s u r e m e n t s  a t  t h e  Venturi m e t e r  and because i t  
migh t  c a u s e  u n n e c e s s a r y  sp i l l i ng  a t  t h e  was teway .  

T h e  t r i a n g u l a r  ba f f l e s  w e r e  in s t a l l ed  in the  bas in  a n d  t h e  t e s t  re- 
pea ted .  P r e s s u r e  s u r g e s  o c c u r r e d  wi th  abou t  t h e  s a m e  a v e r a g e  magn i tude  
a s  without t he  baff les .  

T h e  s o u r c e  of t h e  s u r g e s  w a s  o b s c u r e ,  but i t  a p p e a r e d  tha t  i t  
m i g h t  be the  t u r b i n e  pump which w a s  d i r e c t l y  connected  to  t h e  m o d e l  by  



modif ied  s o  tha t  the pump supplied w a t e r  t o  a n  e l eva ted  cons tant -head  
t ank  which in t u r n  suppl ied  w a t e r  to  the  mode l  bas in  ( F i g u r e  6 ) .  

T e s t s  with Nr,odel In le t  Connec ted  t o  Cons tan t  Head T a n k  

S u r p e  in Flow 

P r e s s u r e  s u r g e s  of a p p r o x i m a t e l y  4 .6  f e e t  of w a t e r  o c c u r r e d  in 
the 48-inch condui t  when about  175 c f s  w a s  r e p r e s e n t e d ,  e v e n  though the  
m o d e l  w a s  a r r a n g e d  with t h e  inlet  connected  t o  t h e  cons tant -head  tank.  
T h e  bas in  and  g a t e  a s s e m b l y  w e r e  subsequen t ly  r e m o v e d  f r o m  t h e  p ipe  
l i n e  and  a sec t ion  of s t r a i g h t  pipe w a s  in s t a l l ed  in i t s  p lace .  T h e  s u r g e  
w a s  about  1.5 f ee t  a t  d i s c h a r g e s  up  to  120 c f s  but  b e c a m e  abou t  5 f e e t  a t  
d i s c h a r g e s  above  200 c f s .  T h e  bas in  a n d  g a t e  a s s e m b l y  w e r e  r e i n s t a l l e d  
a n d  m e a s u r e m e n t s  w e r e  m a d e  of the  s u r g e  f r e q u e n c y  by m e a n s  of p r e s s u r e  
c e l l s  a n d  o s c i l l o g r a p h  r e c o r d s .  No r e g u l a r l y  o c c u r r i n g  p r e s s u r e  pu l se  
w a s  de tec ted ,  but o v e r  a pe r iod  o f  t i m e  a n u m b e r  of i r r e g u l a r l y  s p a c e d  
s u r g e s  o c c u r r e d  a n d  the  a v e r a g e  f r e q u e n c i e s  of t h e s e  w e r e  d e t e r m i n e d .  
With t h e  ba f f l e s  ins ta l led  in the bas in  the  f r e q u e n c y  w a s  abou t  1 c y c l e  
e v e r y  2- 112 s e c o n d s  (pro to type) .  With the  ba f f l e s  r e m o v e d ,  t h e  f r e q u e n c y  
w a s  about  1 c y c l e  e v e r y  2 s e c o n d s .  T h e  ba f f l e s  a p p a r e n t l y  did not  e x e r t  
much  inf luence  on e i t h e r  t h e  s u r g e  f r e q u e n c y  o r  ampl i tude .  

T h e  a b o v e  t e s t s  w e r e  conducted with a n  ou t l e t  condu i t  which had 
no v e n t s  o r  s t andp ipes  be tween the  s t i l l i n g  bas in  and  t h e  d o w n s t r e a m  con-  
t r o l  valve.  In the  pro to type  condui t  a s t andp ipe  e x i s t s  in t h e  f o r m  of t h e  
was teway  condui t  and  box ( F i g u r e  5). T h e  w a t e r  co lumn within the s t a n d -  
pipe wi l l  b e  free t o  r i s e  a n d  fall a s  t h e  s u r g e s  o c c u r  in t h e  conduit ,  a n d  
in s o  doing  wil l  m o d e r a t e  the s u r g e s .  Re la t ive ly  s m a l l  rises in the  s t a n d -  
pipe co lumn wi l l  b e  adequa te  t o  p rov ide  the  s t o r a g e  needed d u r i n g  a p r e s -  
s u r e  r i s e ,  a n d  c o n v e r s e l y ,  only  a s m a l l  d e c l i n e  in t h e  s t andp ipe  c o l u m n  
wi l l  be suf f ic ien t  t o  s m o o t h  out  t he  r a r e f a c t i o n s  fol lowing the  pressure peaks. 
T o  d e t e r m i n e  the  m o d e r a t i n g  e f f ec t  of a s t andp ipe  in the  model ,  a 5-inch 
i n s i d e - d i a m e t e r  pipe w a s  placed on  t h e  ou t l e t  conduit  6 f e e t  d o w n s t r e a m  
f r o m  t h e  b a s i n  ( F i g u r e  8 ) .  T h e  s u r g e s  d e c r e a s e d  c o n s i d e r a b l y  in magn i -  
tude  a n d  the  w a t e r  l eve l  f luc tua t ion  in the  m o d e l  s t andp ipe  w a s  only abou t  
1 - 1 / 2  i n c h e s  (10  inches  pro to type) .  T h e  a c t u a l  f ie ld f luctuat ion should  be 
e v e n  less b e c a u s e  the  s t andp ipe  area at the  overf low w e i r  is about  3-112 
t i m e s  tha t  of t he  conduit,  w h e r e a s  in t h e  m o d e l  i t  w a s  only  abou t  one-half  
t h a t  of t he  condui t  ( F i g u r e  5). T h e  f r equency  of s u r g i n g  d e c r e a s e d  t o  about  
o n c e  e v e r y  9 seconds ,  prototype.  It w a s  be l i eved  tha t  n e i t h e r  t h e  magn i tude  
n o r  the  f r equency  of t h i s  m i n o r  s u r g i n g  would be  t r o u b l e s o m e  in the  f i e ld  
s t r u c t u r e ,  a n d  no f u r t h e r  mode l  s t u d i e s  w e r e  m a d e  on i t .  

Head L o s s e s  

T h e  l o s s  in  head t,hrough t h e  g a t e  a s s e m b l y  a n d  s t i l l i n g  bas in ,  
m e a s u r e d  f r o m  a point 1 . 1 3  f ee t  pro to type  above  the  b i fu rca t ion  in t h e  36- 
inch  conduit  t o  a point 4 -1 /2  f ee t  d o w n s t r e a m  f r o m  t h e  be l lmou th  in the  48-  
inch  ou t l e t  condui t  w a s  d e t e r m i n e d  for a r a n g e  of flows embracing the  n o r m a l  



. - 
i n s t a l l ed .  L o w e r  l o s s e s  o c c u r r e d  with t h e  baf f les  r e m o v e d .  

T h e  l o s s  f r o m  t h e  s t i l l i ng  bas in  th rough  t h e  be l lmouth  t o  t h e  
point  4-112 f e e t  d o w n s t r e a m  w a s  a l s o  d e t e r m i n e d  ( F i g u r e  9B). Slight ly 
s m a l l e r  l o s s e s  o c c u r r e d  with the  baf f les  r e m o v e d .  

O n  t h e  basis of t h e  above  head  l o s s  d a t a  w h e r e  s m a l l e r  l o s s e s  
o c c u r r e d  when t h e  ba f f l e s  w e r e  o m i t t e d  f r o m  t h e  bas in ,  and  b e c a u s e  the  
ba f f l e s  had l i t t l e ,  if any,  m o d e r a t i n g  e f f ec t  on  the  p r e s s u r e  s u r g e s  in the  
ou t l e t  conduit ,  i t  was  dec ided  tha t  t he  ba f f l e s  need  not  b e  included in t h e  
p ro to type  s t r u c t u r e .  

P r e s s u r e s  in t h e  Sly P a r k  Sl ide  G a t e  

T h e  p r e s s u r e s  on  the  s loped  a n d  hor i zon ta l  bot tom s u r f a c e s  of 
t h e  Sly P a r k  g a t e  leaf, a n d  on the  r i g h t  s i d e  w a l l  of t he  d o w n s t r e a m  f r a m e  
n e a r  t h e  g a t e  f loo r ,  a n d  on  t h e  roof of t he  conduit  d o w n s t r e a m  f r o m  the  g a t e  
w e r e  m e a s u r e d  a t  g a t e  open ings  of 10 to  100 p e r c e n t  ( F i g u r e s  7 a n d  10).  
In t h e s e  t e s t s  t h e  flow w a s  confined t o  t h e  l e f t  b r a n c h  of t h e  b i fu rca t ion  in 
o r d e r  tha t  t h e  rate of flow through the  g a t e  b e  known. T h e  l o w e s t  leaf 
p r e s s u r e  w a s  found on t h e  ho r i zon ta l  bot tom s u ~ f a c e  n e a r  the  d o w n s t r e a m ,  
e d g e  ( P i e z o m e t e r  4). T h e  lowes t  wa l l  o r  conduit  p r e s s u r e  o c c u r r e d  ju s t  
d o w n s t r e a m  f r o m  t h e  g a t e  s l o t  1 . 7  i n c h e s  (pro to type)  a b o v e  t h e  f loor  
( P i e z o m e t e r  6). 

T h e  p r e s s u r e  d a t a  f o r  t h e s e  two p i e z o m e t e r s  are p r e s e n t e d  i n  I 

t h e  nond imens iona l  f o r m  of p r e s s u r e  c o e f f i c i e n t s  ( F i g u r e  10). T h i s  p r e s e n -  
ta t ion  w a s  adop ted  in l i e u  of p r e s e n t i n g  the  a c t u a l  p r e s s u r e  v a l u e s  b e c a u s e  
t h e  v a l u e s  cou ld  not  b e  a c c u r a t e l y  d e t e r m i n e d  a t  t h e  t i m e  of t h e  t e s t s  d u e  
to  u n c e r t a i n t i e s  c o n c e r n i n g  t h e  condui t  b a c k  p r e s s u r e ,  t h e s e  back p r e s s l l s e s  
d i r e c t l y  a f f e c t i n g  t h e  l o c a l  p r e s s u r e s  i n  the  s t r u c t u r e .  T h e  p r e s s u r e  c o e f -  
f i c i en t  is de f ined  as t h e  d i f f e r e n c e  be tween a r e f e r e n c e  p r e s s u r e  a n d  the  
p r e s s u r e  at a g iven  p i e z o m e t e r  d iv ided  b y  t h e  ve loc i ty  head a t  t he  r e f e r e n c e  
s t a t ion .  T h e  r e f e r e n c e  s t a t ion  w a s  t aken  in the  32-inch condui t  a t  t he  end  
of t h e  b i fu rca t ion  branch,  a n d  t h e  r e f e r e n c e  p r e s s u r e  w a s  the  a v e r a g e  of  
t h e  p i e z o m e t r i c  r e a d i n g s  a t  t h e  i n s i d e  a n d  ou t s ide  of t he  bend. T h e  p r e s -  
s u r e  d a t a  m a y  b e  used  t o  d e t e r m i n e  t h e  m i n i m u m  p r e s s u r e s  which wi l l  o c -  
c u r  on the  l ea f  o r  on the f r a m e  of t h i s  g a t e  in t h i s  o r  o t h e r  i n s t a l l a t i o n s  with 
s u b m e r g e d  f low a n d  known u p s t r e a m  a n d  d o w n s t r e a m  p r e s s u r e s .  In the  case 
of the  Sly Park ou t l e t  w o r k s ,  t h e r e  a p p e a r s  t o  be  no d a n g e r  o f  cavi ta t ion  oc -  
c u r r i n g  on  e i t h e r  the  leaf  o r  the  f r a m e  of t h e  g a t e s ,  o r  i n  the  condui t  down- 
s t r e a m .  

No c a l i b r a t i o n  c u r v e s ,  r e l a t i n g  the  d i s c h a r g e  with t h e  r e s e r v o i r  

I 
h e a d  a n d  the  g a t e  openings ,  w e r e  p r e p a r e d  f o r  t h e  ou t l e t  w o r k s  b e c a u s e  all 
flow m e a s u r e m e n t s  wi l l  b e  m a d e  with t h e  V e n t u r i  m e t e r  a t  S ta t ion  3+80 in 

1 .  t h e  C a m i n o  Condui t  ( F i g u r e  4). 
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