




UNITED STATES 
DEPARTHENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

Design and Construction Division Laboratory Report No. Hyd-363 
Engineering Laboratories Branch Hydraulic Laboratory Section 
Denver, Colorado Compiled by: L. V. Wilson 

Checked by: W. C. Case 
Reviewed by: J. W. Ba l l  

Subject: Hydraulic s tud ies  of  a jet-flow gate f o r  t he  ou t le t  works of 
P l a to ro  Dam--San Luis Valley Project ,  Colorado 

PURPOSE OF STUDY 

To inves t iga te  t he  flow cha rac t e r i s t i c s  of a jet-flow gate  
releasing water under 126 f e e t  of head i n t o  t h e  o u t l e t  tunnel. 

CONCLUSIONS 

1. A jet-flow gate  can be used f o r  regula t ing water re leases  b~ 

2. The performance of t h e  ou t l e t  was improved by placing t he  
tunnel  and t r a n s i t i o n  i nve r t s  on a constant  slope s l i g h t l y  s t eeper  
than the  preliminary design (Figure 4). 

3. The j e t  from the  ga te  s t r i k e s  t h e  tunnel  inver t  a shor t  
d is tance  downstream, causes t h e  flow t o  climb t he  s ides  of the  tunnel 
and then recede f a r t he r  downstream and again climbs the  walls of  t h e  
tunnel. This flow pat tern  repeats  i t s e l f  t o  a diminishing degree i n  
t h e  tunnel downstream. This tendency was reduced but not eliminated 
by a modification of the  o r i g ina l  tunnel  and t rans i t ion .  

4. A l4-inch a i r  vent pipe would be too  small f o r  optimw. flow 
conditions with high discharges i n  the  t m n e l .  

6. The performance was t h e  same whether a i r  xas admitted through 
t he  t o p  of t h e  t r a n s i t i o n  o r  through t h e  sides,  when t he  areas of  t h e  
a i r  vents were ident ica l .  



I --  ----- 
of t h e  area of t h e  o r i f i c e  i n  t he  jet-flow gate. 

0. The t r an s i t i on  from the  gate  t o  t h e  tunnel should be shaped 
t o  minimize climbing of the water along the  tunnel  walls. ' 
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INTRODUCTION- 

Platoro Dam is located about 1 mile upstream from the  town 
of Pla toro  on the  Conejos River in Colorado (~igure 1) .  The dam is sf 
t h e  e a r t h - f i l l  type, with an uncontrolled spillway, and a tunnel ou t l e t  
m r k s  through t he  r i g h t  abutment. I n i t i a l l y  it was contemplated t o  use 
a 54-inch jet-flow gate discharging i n t o  t he  downstream portion of t h e  
tunnel. This design was s im i l a r  t o  t h a t  shorn on Figure 2 except the+ 
t h e  54-inch jet-flow gate was placed in the  tunnel  a t  about t he  gate 
chamber location. An hydraulic model invest igat ion was s t a r t ed  t o  study . . . 
t h e  performance of t h i s  ins ta l l a t ion .  The design was changed completely 
before the  study could be completed and t he  tests accomplished a n  dis- 
cussed in t h i s  report.  

THE MODEL 

A 1:9$58 model was constructed t o  represent  t he  preliminary 
design. The jet-flow gate used previously in  t e s t s  f o r  the  Shasta Dam 
o u t l e t s  was modified f o r  t h i s  model (Figure 3). The 8.602-inch model 
horseshoe tunnel  and t r a n s i t i o n  were formed of transparent  p las t i c .  

The model was modified during tests t o  change t he  tunnel  
slope and botrom of t h e  t r a n s i t i o n  as  shown on Figure 4. Larger vent 
holes were cut in t he  top  and s ides  of t h e  t r en s i t i on  of t he  modified 
design during air-demand t e s t s .  

Piezometers were located along the  bottom of t he  t r an s i t i on  
and tunnel  f o r  pressure observations. 

TkST RESULTS 

The prelbninary design i s  shown without flow and with flow 
under maximum head and gate openings of 30, 60, and 1(XI percent on 
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 hire was a fixed pattern of a l te rna te ly  high and low water surface in 
the tunnel a t  a l l  discharges and f i n s  of mter climbed the  s ides  of 
the tunnel where the j e t  from the  valve struck the  tunnel invert. The 
pressures in t he  t rans i t ion  became negative a t  30 percent gate ~pen ing  
increasing t o  a negative 3.5 f e e t  a t  f u l l  opening, 

The tunnel f l oo r  was made l eve l  throughout i ts f u l l  length 
t o  provide a more uniform surface. Some improvement was obtained but 
the  tendency f o r  t he  f i n s  of water t o  climb the tunnel sides was increased 
s l i gh t ly  (Figure 7). 

The t r ans i t i on  was modified t o  remove the  f i l l e t  downstream 
of the  gate. The pressure d i s t r ibu t ion  was more uniform, and the d- 
m negative pressure was 3.5 f ee t  of water. The water surface through 
the  center was more uniform, but some pileup of water occurred along 
the  sides,  Figure 8 ,  

The air vent equivalent t o  I& inches diameter m e  f o n d  t o  be 
smll and the opening was increaacd t o  the  equivalent of 16 inchea Kith 
improved r e su l t s  . 

TEWINATION OF STUDY 

It was planned t o  change the bottom shape of the valve and 
t rans i t ion  t o  provide a smooth water passage without impact on the 
t rans i t ion  inver t ,  and thus eliminate the  water climbing the walls of 
the tunnel. Before t h i s  change could be made, it was proposed thati 
t w o  48-inch but te r f ly  valves placed on a conduit extending t o  the  
t m e l  por ta l  be used f o r  regulation (Figure 2). Studies on the jet- 
flow gate were therefore discontinued. 
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