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PURPOSE 

The purpose of this study was to verify the hydraulic design of the 
vertical drop intake structure to insure a smoothly operating struc- 
ture capable of discharging the required flows within the design 
reservoir  elevations. 
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The studies described in this report were accomplished through the 
cooperation of the Spillway and Outlet Works Section of the Dams 
Branch, Division of Design, and the Hydraulics Branch, Division of 
Research. Model phoiography was by W. M. Batts, Office Services 
Branch. 

INTRODUCTION 

Little Panoche Creek Detention Dam, a part of the San Luis Unit of the 
Central Valley Project, is an earthfill dam located on Little Panoche 
Creek about 20 miles south of Los Banos, California, Figure 1. 

The purposes of the detention dam a r e  to provide a sediment t rap and 
prevent flooding of canals downstream from the dam. The dam is ap- 
proximately 1,440 feet long at  the cres t  and r ises  about 120 feet above 
the creek bed. The principal hydraulic features of the dam a r e  a 
morning glory type spillway and an outlet works, both located near the 
right abutment, Figure 2. 
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Provisions take structure a s  re- 

The spillw,ay inlet is a 30-foot-diameter mbrning glory structure with the 
crest  at  elevation 641.50. Its maximum discharge capacity is 3,220 cfs 
at reservoir elevation 670.40. The spill<ray inlet transitions into a 
,$I. 5-foot-diameter conduit leading toia Type 11 hydraulic jump stilling 
\?akin. i. , , 



THE MODEL 
,.. :. 
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The model, bu i l t  to  a scale ratio of 1:15, included the intake s t ~ c -  
t i r e y i t h  the trashrack and stoplog superstructure, the vertical bend, 
and a short  length of near horizontal conduit. The structure was 
mounted in the center c!f a 6-  by 10-foot sheet metal lined box. The 

'stilling basin wasnot included in this investigation. The intake struc- 
ture and vertical bend were constructed of transparent plastic, heat 
formed over wood mol'ds. The trashrack and stoplog superstructure, 
stoplogs, and guide vanes in'the elbow were made from wood:painted 
to resist  swelling. The horizontal conduit and theflow.deflector .. . ..~ i n  
ithe elbow were made jfrom sheet metal, Figure 4. 

zontal conduit. 
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A 51-foot-high reinforced concrete trashrack and stoplog structure 
is located on top of the intake structure. This structure consists of 
a 5-foot 6-inch square column at each corner reinforced with hori- 
zontal beams between columns at 10-foot intervals, Figure 3. 

Elbow Studies 
.?, 

. ?., 
Vertical flow deflector. --The purpose of the ve&ical flow deflector 
was to  provide smooth~flow-inthe horizontal conduit by directing the 
flow to .~ th~izver t 'o f  the elbow and to act a s  a control to establish a 

-- discharge reservoir elevation relationship. The a i r  vent was placed 
under the deflector to insure full aeration and free.flow conditions in 
the horizontal conduit. Ideally, a vertical deflector should extend 
sufficiently down into the bend to establish the desired flow conditions, 
but must still allow sufficient flow area  to pass the design discharge , 
at the.design reservoir  elevation, (900 cfs at  elevation 641.5. ) 

The initial vertical deflector was 72 inches long, which reduced the 
flow area  in the conduit elbow from 23.77 square feet to 15.51 square 
feet. This deflector provided excellent flow conditions in the elbow for ,=- 
all  discharges tested, except near 500 cfs when the flow tended to GI 

spiral over the crown of the tunnel. The 900-cfs design discharge was 
not obtained until the reservoir reached elevation 663.0, indicating that 
the deflector constricted the tunnel and reduced the flow. 

~ b r  the second t r i a l  the deflector length was I'educed to 57 inches, which ' 
increased the flow area  to 18.12'square feet. The flow appearance was the 
same a s  with the initial deflector, but the design discharge was passed 
at reservoir  elevation 633.0, about 8.5 feet below the design level. 

Longitudinal deflectorson either side of the 
wn of the elbow extended downward 16 inchesand 



Preliminary Intake Structure 

of the intake structure by four piez6meters placed on the invert side and 

ue .to submergence. ' 



Aeration Studies 

Considerable flutter and instability of the nappe occurred at discharges 
between 300 and 500 cfs with the stoplogs installed to a height of 34 feet 
above the crest,  Figure 7. This flutter caused an audible rumble that 
could possibly be a source of vibration in the prototype structure, and 
the normally smooth water surface in the model reservoir showed small 
standing waves emanating from the structure. 

There was a 1-foot space between the top of the uppermost log and the 
bottom of a structural beam at  this s t o ~ l o g  level. The flutter occurred 
when orifice-type flow passed between the top of the stoplog and the bot- 
tom of the horizontal beam in addition to weir flow over the top of the 
beam. The weir flow prevented adequate aeration of the orifice flow 
which besulted in fluctuating-pressures under the nappe and caused the 
nappe to flutter. The space between the weir and orifice nappes was 
areated through the stoplog slots and was at  atmospheric pressure. The 
flutter did not occur when the distance between the stoplog and beam was 
more than 18 inches o r  less-than 6 inches or  when the tops of the stoplogs 
and beams coincided and all flow was over the top. The fluttering action 
ceased when a i r  was admitted under the nappe of the orifice flow. Two 
alternative methods of eliminating the flutter were considered: (1) adjust- 
ing the placement of the stoplogs to avoid the critical spacing and (2) ad- 
mitting a i r  under the jet. Placing stoplogs to avoid critical spacing would 
require as  much a s  4 feet additional depth in the storage pool. This was 
considered to be excessive since all runoff from a storm is subject to 
downstream water rights and if  almost normal runoff is  not permitted the 
operators might be subject to litigation. Therefore, the f i rs t  method was 
abandoned and methods of admitting air were investigated. 

Structure modification. --The f irst  method of admitting a i r  under the 
orifice-flow jet was to  chamfer the inside corners of the four columns of 
the structure. For  structural strength, a 10-inch thickness of concrete 
was needed on the downstream side of the stoplog slot, thus an 8-inch, 
45" chamfer was placed on the downstream corners of the columns. It 
was reasoned that the chamfers would provide adequate aeration under 
the jets. However, there was only slight improvement in the noisy flutter- 
ing condition for operation over the critical discharge range (300to 500 cfs) 
since the flows merged and did not allow full aeration. However, the op- 
eration was considered sufficiently improved to  incorporate the chamfers 
in the prototype structure, Figure 3. 



Flow splitters. --The tes t s  were directed toward developing a satis- 
Tactory method of splitting the flow passing over the Seam o r  stop- 
log to  allow a i r  to  enter under the jet. A vertical column centered 
between the beams o r  on top of the stoplogs split the flow a s  desired 
s o  detailed investigations were made to develop the most satisfactory 
shape and location for the column. 

An 8- by 8-inch angle iron, 5 feet.high was fastened to  the top of 
each stoplog on the centerline of the opening on al l  four sides of 
the structure. The apex of the angle faced upstream and the end 
of each leg was even with the downstream edge of the stoplog. 
The angle split the flow, almost eliminated the flutter, and did not 
reduce the discharge capacity. Figures 8A and C show the flow 
conditions withthis  arrangement. The same angle fastened to  the 
downstream face of the stoplog provided even better flow conditions. 
When the angle iron was reversed, so that the vertex was on the 
downstream side, there was complete aeration of the jets and the 
flutter action completely disappeared. A solid triangle-shaped 
column also provided good flow conditions when placed on top of 
the stoplogs with the vertex facing either direction. 

-. - 
Although this type90f flow splitter was very effective, it would in- 
volve initial prototype construction difficulties and its use over the 
life of the structure would be impractical since the top stoplogs 
containing the splitters would have to  be removed from the structure 
each time new logs were added. 

on. Although the angles spanning the structure reduced the flutter, 
ow conditions were not satisfactory. 

nother method of splitting the flow was tested by making the top 
stoplogs and the beams higher in the center than on the sides, in 
the form of a peak. This modification did not split the flow suffi- 
ciently to permit aeration. 

The next-tests were made with flow splitters dounted on the beams 



on the.centerlines of the openings, extending 30 inches above and 
18 inches below the beam. Although the plates were very effective 
in splitting the flow and allowing full aeration under the jets, they 
reduced the discharge capacity. 

Flex*, 8-  by 8-inch angle irons with the vertex facing upstream, were 
placed vertically i n  the opening between the beams, Figures 8Band D. 
The flow did not split a s  well a s  when the angles'were mounted on the 
stoplogs. The portion of the flow passing between the beam and the 
stoplog merged on the flat surface on top of the stoplog downstream 
from.the angle, which prevented aeration under the nappe. 

The next flow splitter was a vertical column with an equilateral tri- 
angle c ross  section 12 inches on a side. The columnextended between 
beams in thecen te r  of,the opening with a flat face upstream and the 

ith equal. but not better, results.  

coming from the structure, with 











Figure 4 
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Figure 7 
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A No stoplogs B 

C 34 feet of stoplogs D 

Discharge = 400 cfs  
Note depressed jet 

Discharge = 600 cfs 



A Discharge = 270 cfs 
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