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PURPOSE 

The objective of the study was to aid in developing the design for 

the flow control gate and stilling basin of the Pacheco Tunnel. 

RESULTS 

i. Pressures well below scaled cavitation pressure were measured 

immediately downstream from the gate slot in the original design for 

gate openings between 3 and 8 percent. A modified section which grad- 

ually decreased the area downstream from the gate slot was tested. An 

elliptical section 6 inches (152 millimetres (mm)) wide was placed 

along both walls downstream from the gate, which raised pressures to 

a satisfactory range for all gate openings and heads. 

2. The location of the baffle piers should not be changed from the 

original positions. A modified, flattop, baffle pier is recommended 

instead of the rounded top of the original design. The modified 

baffle pier will have higher pressures, i.e., less negative, along the 

top and will not be as susceptible to cavitation damage as the origi- 

nal baffle pier. 

3. The roof of the stilling basin was usually well above the water 

surface. Consequently, the roof of the stilling basin can be lowered 



a t  t h e  u p s t r e a m  end by 5 f e e t  ( 1 .5  m) and t a p e r e d  to  t h e  o r i g i n a l  

h e i g h t  o f  72 f e e t  (21 .9  m) from t h e  u p s t r e a m  end o f  t h e  b a s i n .  

4. The wave s u p p r e s s o r  s y s t e m  e f f e c t i v e l y  m i n i m i z e s  t h e  s u r f a c e  waves 

in  t he  t u n n e l  e x c e p t  f o r  some long  p e r i o d  waves .  The long  p e r i o d  

waves have smal l  a m p l i t u d e s  and s h o u l d  n o t  c r e a t e  a n y a d v e r s e  e f f e c t s  

in  t h e  downst ream t u n n e l .  

5. The 14-inch (356-mm) d i a m e t e r  bypass  line r e q u i r e d  t h e  g a t e  t o  

o p e r a t e  w i t h  v e r y  smal l  g a t e  o p e n i n g s ,  which caused  s u b a t m o s p h e r i c  

p r e s s u r e  c o n d i t i o n s .  Th i s  bypass  s h o u l d  be e n l a r g e d  t o  a 2 0 - i n c h  

(508-mm) l i n e  t h a t  w i l l  h a n d l e  a l l  f lows  up to  185 f t 3 / s  (5 .2  m 3 / s ) .  

Thus ,  t h e  s m a l l e s t  r e q u i r e d  g a t e  o p e n i n g  f o r  maximum head w i l l  be 

6 p e r c e n t ,  which m i n i m i z e s  t h e  p o t e n t i a l  s u b a t m o s p h e r i c  p r e s s u r e s  

downst ream from t h e  g a t e  s l o t .  

APPLICATIONS 

These  t e s t s  were p e r f o r m e d  to  v e r i f y  and improve  t h e  d e s i g n  o f  t h e  

c o n t r o l  ga t e  and s t i l l i n g  b a s i n  f o r  t h e  Pacheco  Tunne l .  However,  t h e  

r e s u l t s  w i l l  be o f  i n t e r e s t  to  d e s i g n e r s  o f  h i g h - p r e s s u r e  s l i d e  g a t e s  

o p e r a t i n g  unde r  submerged c o n d i t i o n s  and s t i l l i n g  b a s i n s  o f  s i m i l a r  

d e s i g n .  
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INTRODUCTION 

The Pacheco Tunnel will convey water from an intake structure in the 

western end of the San Luis Reservoir through an ll-foot (3.3-m) diam- 

eter circular tunnel under the Pacheco Pass, then to the distribution 

system of the Santa Clara Valley water users. 

The San Luis Reservoir is located in west central California, figure I, 

and has a total capacity of 2,040,500 acre-feet (2.517 x 109 m3). A 

new point of withdrawal from the reservoir will be the Pacheco Tunnel 

which will be about 10.4 miles (16.7 kilometres (km)) long. The max- 

imum discharge of the tunnel will be 480 ft3/s (13.6 m3/s) for all 

reservoir elevations from 330 to 544 feet (100.6 to 165.8 m). At a 

reservoir elevation of 326 feet (99.4 m), a discharge of 325 ft3/s 

(9.2 m3/s) is required and the minimum discharge is 40 ft3/s (i.i m3/s) 

for all reservoir levels. A 20-inch (508-mm) diameter bypass line will 

have a capacity of 185 ft3/s (5.2 m3/s) at the maximum reservoir ele- 

vation. The b~)ass will be used to convey flows less than 185 ft3/s 

around the slide gate. 

At high reservoir elevations above 326 feet (99.4 m), up to 210 feet 

(64.0 m) of excess head will exist in the tunnel. Consequently, a 

control structure was necessary to dissipate the excess head. The 

control structure consists of a 5- by 7-foot (i.52- by 2.13-m) slide 
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gate, a stilling basin with baffle piers, and a wave suppressor sys- 

tem. This structure will be located about 200 feet (61 m) under- 

ground about 1.8 miles (2.9 kilometres (km)) from the tunnel intake. 

The width of the stilling basin ranges from 5 feet (1.5 m) at the 

upstream end to ii feet (3.4 m) at the downstream end and is about 

29 feet (8.8 m) high at its highest point downstream from the gate. 

The original design, figure 2, shows the relative position of the 

slide gate and the stilling basin. The tunnel downstream from the 

control structure was designed for free flow. 

A h y d r a u l i c  model was b u i l t  to  d e t e r m i n e :  (a) the  o p e r a t i n g  c h a r -  

a c t e r i s t i c s  o f  the  g a t e ,  (b) the  p r e s s u r e s  on t h e  b a f f l e  p i e r s ,  and 

(c) the  e f f e c t i v e n e s s  o f  t he  c o n t r o l  s t r u c t u r e  f o r  heads and d i s -  

cha rges  w i t h i n  t he  o p e r a t i n g  r a n g e .  

THE MODEL 

The s t u d i e s  d e s c r i b e d  in  t h i s  r e p o r t  were pe r fo rmed  on a 1 :11 .54  

s c a l e  model o f  t he  c o n t r o l  s t r u c t u r e  which i n c l u d e d  t h e  s l i d e  g a t e ,  

the  s t i l l i n g  b a s i n ,  and a s e c t i o n  o f  t h e  downstream t u n n e l  i n c l u d -  

ing the  20 - f oo t  (6. l-m) d i a m e t e r  a c c e s s  s h a f t ,  f i g u r e s  3 and 4. 

The s l i d e  g a t e  chamber was r e p r e s e n t e d  by a c l e a r  p l a s t i c  s e c t i o n  

5.20 i n c h e s  (132 mm) wide by 7.28 i nches  (185 mm) h igh  and 15.54 i n c h e s  
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(425 mm) long. The stilling basin was a wood framework that diverged 

in width from 5.20 inches (132 mm) to 11.44 inches (291 mm) a t  the 

downstream end. One wall of the stilling basin was clear plastic; 

the bottom and the opposite wall were wood. A transition section 

connected the rectangular cross section of the gate section to the 

12-inch (305-mm) diameter laboratory supply line. The pressures in 

the supply line were adjusted to simulate the total energy available 

at that point in the model. 

Discharge quantities were measured with the Venturi meters in the per- 

manent laboratory water supply. Pressures at various points in the 

model were measured by piezometers connected to either open tube water 

or mercury manometers. Also a plus or minus 2.5-1b/in 2 (17.2-kPa) 

strain gage pressure transducer was used to measure the fluctuating 

pressures at critical points in the model. 

The model was designed and all test results were analyzed on a Froude 

model relationship. 

Maximum model discharge was 1.061 ft3/s (0.030 m3/s) and the maxi- 

mum model pressure at the gate was equivalent to 21 feet of water 

(6.4 metres-head). The model heads were obtained from the proto- 

type heads adjusted for losses from the reservoir to the gate and 

then scaled according to the model scale. The datum used for all 

model piezometric heads was the elevation of the gate seat. 
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THE INVESTIGATION 

Preliminar~ Gate S t u d i e s  

Capacity tests. - The d i s c h a r g e - h e a d  r e l a t i o n s h i p  o f  t h e  g a t e  was 

e v a l u a t e d  by m e a s u r i n g  t h e  heads  u p s t r e a m  from t h e  g a t e  and a t  

p i e z o m e t e r  19, f i g u r e  5a. The l o c a t i o n  o f  t h e  p i e z o m e t e r s  on t h e  

structure after the downstream gate section was modified is shown 

in figure 5b. 

The d i s c h a r g e - h e a d  c u r v e s  f o r  v a r i o u s  g a t e  o p e n i n g s  a r e  shown in  

figure 6 before the gate was modified. The tailwater in the model 

was adjusted to the theoretical normal depth in the downstream tun- 

nel for each discharge. The dashed line indicates the upstream 

head as a function of discharge, while the solid line indicates 

head loss across the gate as a function of discharge. A discharge 

of 520 ft3/s (9.06 m3/s) was measured for 10 percent gate open- 

ing and maximum upstream head of 242.56 feet (75.87 m). The max- 

imum head of 242.56 feet discharged 480 ft3/s (15.59 m3/s) through 

the gate when the gate was about 14 percent open. At 65 percent 

gate opening, about 525 ft3/s (9.20 m3/s) were discharged at the 

upstream head of 25.4 feet (7.74 m) which corresponds to a reser- 

voir elevation of 526 feet (99.4 m). Several conditions of dis- 

charge, upstream head, and gate opening are shown in table I. The 
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v a l u e s  i n  t a b l e  1 a r e  f rom s p e c i f i c  t e s t s  and may v a r y  from t h e  

a v e r a g e d  c u r v e s  shown in  f i g u r e  6. 

Tab le  1. - Upstream head, reservoir elevation, and gate 
openings for various discharges - original, gate 

D i s c h a r g e  
( f t  J / s )  (m3/s)  

U p s t r e a m  R e s e r v o i r  Gate 
head e l e v a t i o n  o p e n i n g  

( f e e t )  (m) ( f e e t )  (m) ( p e r c e n t )  

480 13.59 242.36 73.87 544 165.8 14 
480 13.59 28 .36  8 .64  330 100.6 75 
480 13.59 24.12 7 .35  3 2 4 . 7  99 .0  100 
325 9 .20  25.4  7 .74 326 99 .4  65 

The d a t a  f o r  t h e  h e a d - d i s c h a r g e  c u r v e s  were used  w i t h  t h e  r e l a -  

t i o n s h i p  below t o  compute  a c o e f f i c i e n t  o f  d i s c h a r g e ,  Cd, f o r  

each g a t e  o p e n i n g :  

C d = q 

2 g ~ H g  x A x G.O. 

where ,  G.O. = t h e  g a t e  o p e n i n g  e x p r e s s e d  as  a d e c i m a l  f r a c t i o n  

o f  f u l l y  open g a t e  h e i g h t  

A = a r e a  o f  t h e  g a t e  f u l l y  open ( f t  2) 

Hg = head  d i f f e r e n c e  a c r o s s  t h e  g a t e  ( f t )  

Q = d i s c h a r g e  ( f t 3 / s )  

g = a c c e l e r a t i o n  o f  g r a v i t y  ( f t / s  2) 
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An ave ra ge  v a l u e  o f  C d was computed from the  d a t a  on the  o r i g i n a l  

d e s i g n  f o r  each g a t e  opening  and i s  shown in  f i g u r e  7. As t h e  

g a t e  opening i n c r e a s e d  above 60 p e r c e n t ,  t he  g a t e  d id  not  a c t  as 

a c o n t r o l  s e c t i o n  and l o s s e s  t h rough  t h e  s e c t i o n  were more s i m i l a r  

to  f r i c t i o n a l  l o s s e s  in  a c o n d u i t  than  l o s s e s  t h rough  a g a t e .  

Consequ e n t l y ,  v a l u e s  o f  C d were not  mean ingfu l  f o r  g a t e  open ings  

g r e a t e r  than  60 p e r c e n t .  

D i scha rges  l e s s  t han  80 f t 3 / s  (2.27 m3/s) were to  be t aken  t h rough  

the  bypass  r a t h e r  than  th rough  t h e  s l i d e  g a t e .  The i n i t i a l  bypass  

was a 14- inch  (356-mm) p i p e ,  which had a maximum c a p a c i t y  o f  80 f t 3 / s  

a t  r e s e r v o i r  e l e v a t i o n  544 f e e t  (165.8 m). The s l i d e  ga t e  had to  

be l e s s  than  5 p e r c e n t  open to  t h r o t t l e  down to  80 f t 3 / s .  Suba t -  

mospher ic  p r e s s u r e s  deve loped  downstream from the  g a t e  s l o t  a t  t h e  

small  ga t e  o p e n i n g s .  To avoid  u s i n g  the  s l i d e  g a t e  a t  s m a l l e r  

o p e n i n g s ,  t he  bypass  was e n l a r g e d  to  a 20 - inch  (508-mm) d i a m e t e r  

p i p e .  The l a r g e r  p ipe  has a c a p a c i t y  o f  185 f t 3 / s  (5.24 m3/s) a t  

maximum head.  T h e r e f o r e ,  t he  bypass  w i l l  be used f o r  d i s c h a r g e s  

l e s s  than  185 f t 3 / s  and the  s l i d e  g a t e  w i l l  no t  be r e q u i r e d  to  

o p e r a t e  a t  g a t e  openings  which cause  suba tmosphe r i c  p r e s s u r e s .  

Downstream pressures. - Low subatmospheric pressures were measured 

downstream from the gate for conditions of maximum head at gate 

openings  between 5 and 8 p e r c e n t .  For a l l  g a t e  open ings  g r e a t e r  

17 
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than  10 p e r c e n t  the  p i e z o m e t e r s  i n d i c a t e d  above a t m o s p h e r i c  p r e s -  

s u r e s .  F igure  8 shows t h e  p r e s s u r e s  downstream from the  g a t e  as 

a f u n c t i o n  o f  d i s t a n c e  from the  g a t e  s l o t  f o r  t he  s m a l l e r  g a t e  

open ings .  Only p i e z o m e t e r  1 r e a c h e d  suba tmosphe r i c  p r e s s u r e .  A 

p r e s s u r e  e q u i v a l e n t  to  31.75 f e e t  (9.57 m) o f  wa t e r  below atmos-  

p h e r i c  was c r e a t e d  by a d i s c h a r g e  of  143 f t 3 / s  (7 .59 m3/s) and a 

ga t e  opening o f  8 p e r c e n t .  A d d i t i o n a l  p i e z o m e t e r s  were p l a c e d  in  

t he  l e f t  s i d e  o f  t he  g a t e  s e c t i o n  to  d e t e r m i n e  whe the r  subatmos-  

p h e r i c  p r e s s u r e s  were o c c u r r i n g  above the  f l o o r  i m m e d i a t e l y  down- 

stream from the gate slot, figure 5a. The additional piezometer 

taps were located on the model 1/16 inch (1.6 mm) downstream from 

t he  ga t e  s l o t  on t he  l e f t  s i d e  o f  t h e  ga t e  s e c t i o n  a t  h e i g h t s  o f  

1/16 inch (i.6 mm), 7/16 inch (ii.i mm), and 13/16 inch (20.6 mm) 

above the floor. Observations for the maximum head and gate open- 

ings of 5 and 8 percent indicated subatmospheric pressures occurred 

only at piezometers 1 and 20, located 1/16 inch downstream from 

the gate slot and 1/16 inch above the floor. Dynamic pressures 

at piezometers 1 and 20 were measured with a pressure transducer 

and figures 9 and 10 are strip chart output from the observations. 

On both charts, a 4-mm deflection represents 11.54 feet (3.52 m) 

of water in the prototype. The flow conditions for the observa- 

tions shown in figure 9 were near maximum head, discharge of 

166.5 ft3/s (4.71 mB/s], and 5 percent gate opening. Subatmos- 

pheric pressures equivalent to 39.2 feet (11.95 m) of water and 
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40.4 f e e t  (12.31 m) o f  wa t e r  in  t he  p r o t o t y p e  were measured f o r  

t he  r i g h t  s i d e  (number 1) and l e f t  s i d e  (number 20) p i e z o m e t e r s ,  

r e s p e c t i v e l y .  An unba l a nced  p r e s s u r e  in the  model o c c u r r e d  f o r  

8 p e r c e n t  ga te  opening wi th  n e a r  maximum head and d i s c h a r g e  o f  

262.4 f t 3 / s  (7 .45 m3/s ) .  The s t r i p  c h a r t  t r a c e  o f  t h e s e  p r e s s u r e s  

i s  f i g u r e  10. The p r e s s u r e  on the  l e f t  s i d e  was e q u i v a l e n t  to  

18.8 f e e t  (5.73 m) o f  wa t e r  below a t m o s p h e r i c  and the  r i g h t  s i d e  

was e q u i v a l e n t  to  30.3 f e e t  (9.24 m) o f  wa te r  below a t m o s p h e r i c .  

This  c o n d i t i o n  was not  e x p e c t e d  and cou ld  not  be e x p l a i n e d  by 

uneven f low in t he  g a t e  s e c t i o n .  

Modi f i ed  Gate 

G a t e  m o d i f i c a t i o n .  - The g a t e  was m o d i f i e d  to  i n c r e a s e  t h e  p r e s -  

s u r e s  downstream from the  g a t e  s l o t .  An e l l i p t i c a l  s e c t i o n  was 

p l a c e d  downstream f rom the  g a t e  s l o t  on both s i d e s ,  as shown on 

f i g u r e  11, to  minimize  t he  s u b a t m o s p h e r i c  p r e s s u r e s  t h a t  began in  

the  o r i g i n a l  d e s i g n  f o r  g a t e  open ings  l e s s  than  10 p e r c e n t  o f  the  

7 - f o o t  (2.13-m) h e i g h t .  The ups t r eam p o i n t  o f  t a n g e n c y  o f  t he  

e l l i p s e  i s  a t  t he  downstream edge o f  t he  ga t e  s l o t  and the  down- 

s t r eam p o i n t  o f  t a n g e n c y  i s  p a r a l l e l  to  t he  w a l l ,  6 i nches  (152 mm) 

i n s i d e  t h e  o r i g i n a l  d e s i g n e d  s u r f a c e  and 2.5 f e e t  (0 .76  m) down- 

s t r eam from the  ga t e  s l o t .  The r a t i o  o f  t he  major  a x i s  to  the  

minor a x i s  o f  the  e l l i p s e  i s  5 to  1. A 6 - i n c h  (152-mm) wide 

f i l l e r  s e c t i o n  was a l s o  i n s e r t e d  downstream from t h e  e l l i p s e  
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which e x t e n d e d  to  t h e  end o f  t h e  g a t e  chamber .  Th i s  was r e q u e s t e d  

by t h e  d e s i g n e r s  t o  s i m p l i f y  t h e  c a s t i n g  o f  t h e  downs t ream p o r t i o n  

o f  t h e  g a t e .  

P r e s s u r e  l o s s e s  a c r o s s  t h e  m o d i f i e d  g a t e  were t a k e n  a t  t h e  same 

u p s t r e a m  l o c a t i o n  as in  t h e  u n m o d i f i e d  g a t e  and a t  p i e z o m e t e r  7, 

see  f i g u r e  5b, downst ream from t h e  g a t e .  

Capacity tests. - The relationships between discharge and head 

for the modified gate are shown in figure 12. Table 2 summarizes 

several points of interest from these curves. The data shown in 

table 2 are from specific tests and may vary slightly from the 

averaged curves in figure i2. 

Table 2. - Upstream head, reservoir elevation, and gate openings 
for various discharges after the gate was modified. 

Upstream Reservoir Gate 
D i s c h a r g e  head e l e v a t i o n  o p e n i n g  

( f t 3 / s )  (m3/s) C--feet) {m) { f e e t )  (m) { p e r c e n t )  

480 13.59 242.36 73.87 544 165.8 15.5 
480 13.59 28.36 8.64 330 100.6 85.0 
525 9.20 25.41 7.74 526 99.4 76.6 
185 5.24 242.36 73.87 544 165.8 6.0 

I 
I 
I 
I 

The modified gate created higher head losses than the unmodified 

section for all conditions and provided better flow control at 

large gate openings. This is demonstrated on figure 7 for the 
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modified gate where the values of C d are valid for gate openings 

through 90 percent instead of being limited to 60 percent. 

Downstream pressure8. - P r e s s u r e  measurements  were o b t a i n e d  on 

the configuration of piezometers shown in figure 5b after the 

elliptical and straight sections were installed. No subatmos- 

p h e r i c  p r e s s u r e s  were o b s e r v e d  f o r  any ga t e  opening 8 p e r c e n t  

or  l e s s .  However, f o r  a g a t e  opening  o f  10 p e r c e n t ,  a d i s c h a r g e  

of 306.8 ft3/s (8.69 m3/s), and an upstream head of 242.6 feet 

(73.9 m), a subatmospheric pressure of 6.32 feet (1.93 m) of 

water was measured at piezometer 12. Also, at 15.5 percent gate 

opening, a discharge of 480 ft3/s (13.59 m3/s) and an upstream 

head of 240.6 feet (73.3 m), subatmospheric pressures of 2.76 feet 

(0.84 m), 1.09 feet (0.33 m), and 7.33 feet (2.23 m) of water were 

measured at piezometers i, 3, and 12, respectively. These pres- 

sures were well above vapor pressure and should not cause any 

problems. The latter condition was the "worst case" condition 

observed for subatmospheric pressures on the modified gate. At 

any gate opening greater than 15.5 percent, maximum discharge 

was attained at lower upstream heads and no subatmospheric pres- 

sures occurred downstream from the gate. No pressure measure- 

ments were obtained with the pressure transducer because the mean 

pressures measured by the water manometer were well above vapor 

pressure. 
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The modified gate did not decrease the effectiveness of the still- 

ing basin and did not have pressures low enough to be considered 

a problem. Thus, this modified section is recommended instead of 

the original straight section downstream from the gate slot. 

Stillin~ Basin S t u d i e s  

Baffle piers. - A significant amount of the energy dissipation in 

the stilling basin occurs by impact on the bafflepiers and by 

turbulent flow around them. This turbulent flow can be seen in 

figure 13. The high velocity flow around the baffle piers may 

cause subatmospheric pressures t o  develop. 

Figure 14 indicates locations of piezometer taps on t h e  baffle 

piers. Pressures were measured either with open tube waterfilled 

manometers or by the plus or minus 2.5 Ib/in 2 (17.2 kPa) pressure 

transducer. The pressures on the baffle piers for maximum dis- 

charge and maximum head conditions were measured and the mean 

values are plotted in figure 15 as a function of the distance 

from the upstream face of the pier. The lowest pressures were 

along the top of the pier for piezometers 5) 6, and 7, see fig- 

ure 16. The fluctuating pressures shown on these strip chart 

records are at or below vapor pressure from 30 to 40 percent of 

the time. During the time the pressure is below vapor pressure, 
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vapor  c a v i t i e s  cou ld  form a long  the  top ,  t hen  c o l l a p s e  on the  

b a c k s i d e  o f  t h e  b a f f l e  p i e r ,  and cause  damage. 

The baffle pier was modified, figure 17, to  minimize the possi- 

bility of cavitation damage. This shape is recommended to replace 

the original design. Pressure data from piezometers i, 2, and 3 

on the modified pier are shown in figure 18 and as a dashed line 

on figure 15. The pressure is below vapor pressure less than 

5 percent of the time. 

If any Vapor cavities form across the top of this baffle pier 

during the time when the pressure is less than vapor pressure, 

the/ should collapse in the Water behind the pier because the 

flow did not follow the profile of the baffle pier as the flow 

did for the rounded topped baffle pier. The flow moved down- 

stream from the trailing edges of the baffle pier and did not 

contact the surface again. 

I n i t i a l l y ,  the  b a f f l e  p i e r s  were t e s t e d  in t h e i r  o r i g i n a l  p o s i t i o n ,  

then  t e s t s  were conduc ted  wi th  t he  p i e r s  a t  l o c a t i o n s  5 and 10 f e e t  

(1.5 and 3.0 m) c l o s e r  to  t h e  g a t e .  L i t t l e  change in t he  e f f e c -  

t i v e n e s s  o f  the  b a f f l e  p i e r s  cou ld  be obse rved  as t h e y  were  moved 

c l o s e r  to  the  g a t e .  However, mean p r e s s u r e s  e q u i v a l e n t  t o  about  

20 f e e t  (6.1 m) to  23 f e e t  (7 .0  m) o f  wa te r  below a t m o s p h e r i c  were 
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observed across the  top o f t h e  p i e r  with the p i e r  p laced 5 f e e t  

upstream from the original position. Consequently, it was con- 

cluded that the piers could not be moved upstream without possibly 

creating cavitation problems along the top of the baffle piers. 

The point of curvature of the downstream end of the stilling basin 

is 9.5 feet (2.9 m) from the downstream end of the baffle piers. 

Any distance much less than this will affect the flow around the 

baffle piers and will probably reduce the energy dissipation of the 

stilling basin. Hence, the length of the stilling basin cannot be 

decreased without causing adverse affects on the energy dissipation. 

Wave suppressors. - A series of beams 2 feet square were placed 

2.75 feet (0.84 m) apart with the top of the beams 20.4 feet 

(6.22 m) above the stilling basin floor to minimize the passage 

of horizontal surges into the downstream tunnel. Waves were 

damped by an underpass wave suppressor located downstream from 

the beams, see figure 2. Both suppressors work very well for 

all flow conditions and no modifications are recommended. 

Basin heijht and length. - The smallest possible size of stilling 

basin was desired to minimize excavation and the size of the struc- 

ture required to support the poor quality rock that exists where 

tile stilling basin will be constructed. 
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Hodel t e s t s  were pe r fo rmed  to  d e t e r m i n e  whe the r  t he  s i z e ,  e i t h e r  

h e i g h t  or  l e n g t h ,  cou ld  be d e c r e a s e d  and not  a f f e c t  t he  s t i l l i n g  

b a s i n  p e r f o r m a n c e .  The s t i l l i n g  b a s i n  pe r fo rmance  was not  a f f e c t e d  

by d e c r e a s i n g  the  d i s t a n c e  from the  ga t e  to  t h e  b a f f l e  p i e r s .  How- 

e v e r ,  the  l e n g t h  o f  the  b a s i n  canno t  be r educed  because  o f  t h e  

lower suba tmosphe r i c  p r e s s u r e s  measured on the  b a f f l e  p i e r s  as 

t h e y  were moved toward the  g a t e .  

The water surface in the model was always well below the roof of 

the model. A sloping roof section was installed to determine 

whether the height of the basin could be decreased. This change 

did not alter tile flow in the stilling basin. Accordingly, it 

is recommended that the height of the stilling basin be decreased 

by S feet (1.52 m) at the upstream end and sloped upward to 

intersect the original height at a point 72 feet (22 m) from the 

upstream end of the stilling basin. The roof section above the 

wave suppressor should not be modified. 

Turbulent flow exists in the stilling basin for high heads and 

small gate openings; figure 15 is an example. For these con- 

ditions the high velocity jet almost sweeps the flow completely 

out of the gate section and then the flow surges upstream, which 

immediately causes rapid changes in pressure along the walls of 

the stillin~ basin. The velocity of the jet is between 115 and 
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120 f t / s  (35.0 and 36.6 m/s) in the  p ro to type  and has a v e l o c i t y  

head of  about 200 f e e t  (60.96 m) of  water .  The p r e s s u r e  c h a n g e s  

along the walls may be equivalent to the full velocity head for 

the flow described above. These large, rapid changes in pressure 

require that the chute lining must be firmly anchored to the 

concrete so that vibration of the chute liner does not occur. 

The chute liner provides adequate protection to the floor and 

walls of the stilling basin, to a height of 4.5 feet (1.37 m). 

The zone of high shear flow continues to about 5 feet (1.52 m) 

above the floor. The velocities and pressure changes in the 

flow immediately above the liner should not cause any damage to 

the unlined concrete because they are much lower than the maximum 

values indicated above. Consequently, the height of the chute 

lining should remain at 4.5 feet (1.37 m). 
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ABSTRACT 

IIydraulic model studies were conducted on a 1:11.54 scale model to 
assure satisfactoryperformance of the control structure for the 
Pacheco Tunnel, a segment of the San Felipe Division of the Central 
Valley project in West Central California. The initial design per- 
formed satisfactorily except for subatmospheric pressures do~m- 
stream from the control gate and on the energy dissipator baffle 
piers. The subatmospheric pressures occurred only for heads above 
220 feet (67.1 metres (m)) of water and gate openings between 3 and 
8 percent. An elliptical section 6 inches (152 millimetres (mm)) 
wide was placed on both sidewalls downstream from the gate slot, 
which raised the pressures downstream from the gate. Also, the 
bypass was enlarged to a 20-inch (508-mm) pipe so that the gate 
would not be required to operate at gate openings less than 5 per- 
cent open. The potential cavitation pressures measured on the 
original round-top baffle pier were minimized by using a modified 
flattop baffle pier, which resulted in pressures only slightly 
below atmospheric. 
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piers. The subatmospheric pressures occurred only for heads above 
220 feet (67.1 metres (m)) of water and gate openings between 3 and 
8 percent. An elliptical section 6 inches (152 millimetres (nun)) 
wide was placed on both sidewalls downstream from the gate slot, 
which raised the pressures downstream from the gate. Also, the 
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ABSTRACT 

Hydrau l i c  model s t u d i e s  were conducted on a 1:11.54 s c a l e  model to  
a s su re  s a t i s f a c t o r y  per formance  o f  the  c o n t r o l  s t r u c t u r e  f o r  the 
Pacheco Tunnel,  a segment o f  the  San F e l i p e  D i v i s i o n  o f  the  C e n t r a l  
V a l l e y  p r o j e c t  in  West C e n t r a l  C a l i f o r n i a .  The i n i t i a l  des ign  p e r -  
formed s a t i s f a c t o r i l y  excep t  fo r  suba tmospher i c  p r e s s u r e s  down- 
s t ream from the  c o n t r o l  ga t e  and on the  energy d i s s i p a t o r  b a f f l e  
p i e r s .  The suba tmospher ic  p r e s s u r e s  occu r red  on ly  f o r  heads above 
220 f e e t  (67.1 met res  (m)) o f  wa te r  and ga te  openings  between 3 and 
8 p e r c e n t .  An e l l i p t i c a l  s e c t i o n  6 {nches (152 m i l l i m e t r e s  (mm)) 
wide was p l a c e d  on both  s i d e w a l l s  downstream from the  ga te  s l o t ,  
which r a i s e d  the  p r e s s u r e s  downstream from the  g a t e .  Al so ,  the  
bypass  was e n l a r g e d  to  a 20- inch  (S08-mm) p ipe  so t h a t  the  ga t e  
would not  be r e q u i r e d  to  o p e r a t e  a t  ga t e  openings  l e s s  than  S p e r -  
cen t  open. ~ e  p o t e n t i a l  c a v i t a t i o n  p r e s s u r e s  measured on the 
original rolmd-top baffle pier were minimized by using a modified 
flattop baffle pier, which resulted in pressures only slightly 
below atmospheric. 
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