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INTRODUCTION 

In compliance with a memorandum reques t  dated September  
28, 1956, f r o m  the  Chief, Canals Branch,  model studies have been made  
a s  follows: 

(a) A study to determine the location, s ize ,  and shape  of a 
battery of por t s  such that a discharge of 3,200 cfs  will pass  f r o m  the 
standpipe through the por t s  and into the s u r g e  tank when'the water  s u r -  
face in the standpipe is 40 feet  higher than that in  the tank and s o  shaped 
that adverse p r e s s u r e  conditions will not exis t .  These  t e s t s  w e r e  made 
on a 1 :21 sca l e  model using a i r  a s  the t e s t  f luid.  

(b) A study to  a s s u r e  that acceptable flow conditions will exist  
when water sp i l l s  over  t he  top of the standpipe into the  surge  tank.  
These tes t s  w e r e  made with the aid of a 1:18 sca l e  hydraulic model .  

The s u r g e  tank and s torage bas in  will be  required to damp and 
contain the flow which would resu l t  f r o m  the  simultaneous load r e j e c -  
tion f r o m  both turbines  in  the powerhouse. Normal  discharge through 
the turbines is 3,200 cfs ,  and the 17-112-foot-diameter power penstock 
is approxiinately 56,000 feet  long f r o m  the  intake a t  the r e s e r v o i r  to the  
surge  tank opening. The  general  a r r angemen t  of the surge tank is shown 
in F igu re  1. 

PORTS 

The d ischarge  coefficients and p r e s s u r e  conditions pertaining 
to the ports  were  studied i n  an  a i r  model (Figure 2A).  The model  was 
s o  constructed that r a t e  of flow could be measured  in the conduit both 
upstream and downstream f r o m  the s u r g e  tank opening and in the  



the ports  simulating a load rejection o r  drawn i n  through the 
simulating a suciden water  clemand by a turbine.  F igure  2B shows the  
ports  as tes ted .  

During operation of the su rge  tank the  flow conditions a t  the 
prototype will be  continually changing. A second o r  two af te r  a load 
r c j  ection with the total flow of 3 ,  200 cfs going into the standpipe,  the 1 
watcr su r face  in  the standpipe will be r is ing about 11 feet  p e r  second 
with perhaps 1 , 0 0 0  c fs  pass ing  through the p o r t s .  When the watcr  
su r face  r eaches  the top of the standpipe it will be rising about 2 .  2 feet  
per  second and the flow through the ports  will be about 2 , 7 6 0  c f s .  The  
surge tank water sur face  a t  this t ime will be 37 . 2  feet  below that in  the 
standpipe.  As the cycle continues, water will spil l  over the top of the  
standpipe in ever  increasing quantities with correspondingly decreas ing  
amounts passing through the por t s  due to the clecrease in differential 
hcacl a c r o s s  tho por t s  until the total flow diminishes and gradually s tops  
al together .  

The a i r  model could not be operated under gradually changing 
conditions; irlstead a s e r i e s  of t e s t s  were made in which var ious flow 
conditions were established and d ischarges  and p r e s s u r e s  noted s o  that  
famil ies  of curves  could b e  drawn to r ep resen t  the instantaneous condi- 
tions prevail ing under almost any conceivable flow distribution through 
the s y s t e m .  

The 1-elationship between p r e s s u r e s  throughout the sys t em 
varied a s  the  ra t ios  of amounts of flow changed. Flow f r o m  the r e s e r -  
voir could be distributed i n  any combination of: (1) on down the conduit, 
(2 )  up the standpipe, o r  ( 3 )  out through the po r t s  into the su rge  tank.  
Tilcse th ree  conditions would be s imi l a r  but r eve r sed  fo r  flow in  the 
opposite direction. Two cha r t s  (F igu res  3 and 5) have been drawn to  
enable determination of the pxSessure relationships between head in  the  
conduit, head i n  the stancipipe, and head in t h e  su rge  tank fo r  known o r  
assigned flow ra t io s .  

The discharge coefficient Cp f o r  the port  manifold was c o m -  
puted f r o m  the equation: 

Qp = CpAp mVF& 4 

where 

Qp = the discharge passing through the po r t s  
Ap = total a r e a  of po r t s  as shown i n  F igure  6 

g = accelerat ion of gravity 
Hs = head differential between the  standpipe 

and the  surge  tank, fee t  of water  

The  coefficient changed a s  the discharge r a t e s  through the  s y s t e m  
changed. The r e su l t s  a r e  plotted in  F igu res  4 and 6 .  



t ial  head of 40 feet  between the standpipe ancl surge tank should give a 
flow of 3,200 c f s  out through the por t s .  Using a discharge coefficient of 
0 . 7 5  (Figure 4) the total port  a r e a  was cictermined to be 83.90 squa re  
f ee t .  Thc recommcncled pol-t dimensions a r e  shown on F igure  7 .  The 
tes t s  disclosed that adve r se  p r e s s u r e  conditions did not exist  on  o r  n e a r  
tile port sul-faces . 

I 
n 

TOP O F  THE STANDPIPE 

(These studies were  made assuming a combined discharge of 
3,300 cfs out through the por t s  and UIJ the standpipe.)  

When flow f i r s t  tops the standpipe, the water  sur face  in the 
standpipe will be about 37. 2 fee t  below the top of the pipe with 2,760 cfs 
passing through the p o r t s .  As the cycle proceeds the differential be - 
tween tlie water su r face  in  the standpipe and that in the tank will g rad-  
ually decrease  with a COI-responding increase  in the  flow over the top of 
the standpipe. With a 6 - inch-radius c r e s t  ( F ~ ~ L I I - e  8R) the  flow over  the 
c r e s t  would cling to the outside surface of the pipe (F igure  8B) until 
the discharge reached  about 900 cfs where i t  woulci spr ing  f r e e  and f a l l  
in a solid nappe to the water  surf ace in the s u r g e  tank.  As the f r e e  un- 
broken nappe fa l l s  to the s u r g e  tank water sur face ,  p r e s s u r e  under the 
nappe will vary depending on the movement and elevation of the tank 
water su r face  and might be ei ther  positive o r  negative.  F igure  9A shows 
the flow conditions f o r  815 cfs with a negative p r e s s u r e  under the nappe 
and the s t r e a m  following a path marked by the point gage.  F igure  9B 
shows the same discharge but with the nappe broken to  allow complete 
aerat ion,  the s t r e a m  he re  follows a path somewhat different than before 
a s  shown by the point gage which has  not been moved. 

Thc flow conctitions over  the top of the standpipe with the G-inch- 
radius  c re s t  were unsteady and unpredictable.  Thc p r e s s u r e s  on the 
walls of the pipe and the path of the nappe were subject to  rapid change. 
These conditions w e r e  unsatisfactory,  therefore ,  the shape of the c r e s t  ~ was changed to achieve steady predictable flow. 

The l ip  was estended outward 6 inches beyond the outside wall 
of the pipe, sloped downward 30' f r o m  the horizontal and rnade tangent 
to the c r e s t .  The lower p a r t  of the lip sloped down and back GO0 f r o m  
the horizontal (F igure  1 2 ) .  F o u r  tr iangular p i e r s  a t  the c r e s t  quarter  
r~oints  were installed to spl i t  the flow and allow aerat ion under the 

Flow with this  design was  sat isfactory for discharges up to 
400 c f s  and above 900 c f s .  Between 400 and 900 cfs  the  p re s su re  on the 
sloping portion of the lip in contact with the flow became negative and 
allowed the s t r e a m  to cling to the surface (F igure  11) .  To ae ra t e  this  
sur face  four 35inch-wide s lo ts  were made in the l ip,  one 4 5 O  f r o m  each 
p i e r .  Flow with this  design was good fo r  all  d ischarges (Figure 10B).  



















Figure 8 

A Top of standpipe 

B Q = 815 cfs , clinging to  walls of standpipe. 

CLEAR CREEK POWER CONDUIT--SURGE TANK 
Flow not aera ted  a t  top of Standpipe--Preliminary Design 

1:18 sca le  model 



Figure 9 

A Q = 815 cfs wi thunbrokcnnappetothe  
surge tank water surface.  Note point 
gage. 

B Q = 815 cfs, nappe fully aerated.  Point 
gage is a t  same  location as in A above. 

CLEAR CREEK POWER CONDUIT--SURGE TANK 
rect of aerating flow a t  top of Standpipe--Preliminary Desi 

1:18 scale  model 
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R E P O R T  H Y D  4 3 8  

Note: Total f l o w =  3200 cfs, remainder f lows through the ports. 
C E N T R A L  V A L L E Y  P R O J E C T  - C A L I F O R N I A  

T R I N I T Y  R I V E R  D I V I S I O N  

CLEAR CREEK POWER CONDUITS 
SURGE TANK 

WATER SURFACE PROFILES FOR FLOW 
O V E R  THE TOP OF THE STAND P IPE  

RECOMMENDED DESIGN 

I I:18 S C A L E  M O D E L  




