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Subject: Hydraulic model studies of the Fontenelle Dam outlet Works-- 
Seedskadee Project, Wyoming 

PURPOSE 

The studies were conducted to develop a satisfactory design for the 
outlet works conduits, the stilling basin, and a proposed pressure 
conduit and Y -branch to be installed in the right conduit of the outlet 
works. 

CONCLUSIONS 

1. Flow through the gate control structure and the .horseshoe conduits 
was satisfactory for all  discharges (Figure 8). 

2. The addition of tapered piers between adjacent tunnels at the portals 
improved the flow appearance on the outlet works chute (Figures 8C 
and 10). 

3. The flow distribution on the outlet works chute was satisfactory for 
all operating combinations of the three tunnels (Figure 11). 

4. The stilling basin provided good energy dissipation for all discharges 
(Figures 13, 14, and 15), although there was considerable splashing and 
spray at the larger discharges. An 18-inch-wide coping strip, (Fig- 
ure 9), added to the top of the basin walls, reduces tendencies for surges 
and waves to  overtop the training walls. 

5. Single operation of either outside conduit at maximum discharge 
(6,233 cfs) and high tailwater conditions should be avoided. This 
operation causes large waves to form and splash over the sides of the 
basin (Figure 15). 

- 
6. Dynamic pressure measurements made on the stilling basin side 
walls indicated pressure fluctuations both higher and lower than the 
static pressure based on the water surface profiles. These pressure 
fluctuations should be considered in the structural design of the walls. 



- 
adequate for  expected-releases'i~igure 16). 

8. Head losses in the preliminary and recommended Y -branches 
I 

were measured and loss coefficients versus the ratio of the flow in 
the penstock lateral  to  the total flow entering the Y-branch were 
determined, Figures 17 and 28, The head loss  with the recommended 
Y-branch was a s  much a s  56 percent l ess  than with the preliminary 
Y -branch. Y 
9. Under normal or expec t~d  operating conditions the pressures  for  
both the preliminary and recommended Y-branches were satisfactory. 
However, under certain operating conditions extreme subatmospheric 
pressures were encountered, Figures 17 and 28. To  prevent these 
poor pressure  conditions the gate size was reduced from 8 feet 6 inches 
by 9 feet to 8 feet 6 inches square and a stop was placed on the stem to 
prevent the gate from operating at openings greater  than 8 feet. 

10. Best operation in the spillway chute was obtained with the pen- 
stock outlet structure downstream from the Y-branch placed hori- 
zontal and turned 5" t o  the left, Figures 25, 26, and 27. However, 
satisfactory flow conditions on the chute also were obtained with the 
structure tilted downward 5" and turned 5" to  the left, Figures 18, 
and 19, and with the structure horizontal and turned 3" to  the left, 
Figures 23 and 24. Based on structural considerations, the recom- 
mended outlet structure was tilted downward 5" 34' and turned 4" t o  
the left, Figure 28. 

11. Flow from the recommended penstock outlet structure was 
equally distributed across  the stilling basin chute; however, it was 
necessary to place short, curved training walls at the downstream 
end of the structure t o  prevent objectionable fins from forming along 
the chute walls (Figures 29, 30, and 31). 

INTRODUCTION 

Fontenelle Dam is the principal feature of the Seedskadee Project, a 
participating project of the Colorado River Storage Project. It is 
located in southwestern Wyoming on the Green River, 24 miles down- 
s t ream from LaBarge, Wyoming (Figure 1). 

The dam is an earth and gravel structure approximately 6, 000 feet 
long at the cres t  and will r i s e  about 127 feet above the riverbed. 

The principal hydraulic features a r e  the spillway and the r iver  outlet 
works. The spillway is located in the right abutment and the r iver 



The spillway, designed for a maximum discharge of 20, 000. cf;, is an 
uncontrolled double side channel 'spillway with a c res t  length of about 
310 feet. Flow from the spillway passes through a 400-foot-long diverg- 
ing rectangular chute and into a stilling basin. From the stilling basin 
the flow passes through an excavated channel into the Green River (Fig- 
ure  3) .  Hydraulic model stu of the spillway a re  discussed in Report 
Hyd. 486. 

The river outlet works (Figure 4) is designed for a maximum discharge 
of 18,700 second-feet and includes an intake structure, three 11.0-foot- 
diameter conduits from the intake structure to  a gate chamber, three 
8- foot- 6 -inch by 11- foot fixed-.wheel slide gates located just upstream 
from three 8-foot-6-inch by 11-foot top-seal radial regulating gates, 
three 14-foot-diameter horseshoe conduits from the gate chamber to  
the stilling basin chute, the chute, the stilling basin, and an excavated 
channel extending from the stilling basin to the Green River. 

The model studies described herein were  concerned with the outlet 
works from the gate control structure to  the excavated channel. The 
studies were =ade to  investigate flow conditions in the gate chamber, 
the capacity of the radial gates, the flow distribution in the horseshoe 
conduits and stilling basin chute, the effectiveness of the stilling basin, 
and the flow in the excavated channel. 

Ultimately it is planned to construct a hydroelectric plant as a part  of 
the project. A 10-foot-diameter pressure  conduit will be placed in the 
right horseshoe conduit of the outlet works, (Figure 5). Water to  the 
powerplant will be supplied through a 10-foot-diameter penstock lat- 
era l  which brm,ches off the main conduit about 20 feet upstream from 
the tunnel portal. The main conduit will terminate at a slide-gate- 
controlled turnout structure at the upstream end of the stilling basin 
chute. 

As a part of the hydraulic investigations, the Y-branch and the pen- 
stock outlet structure were installed in the model to  determine the 
losses in the Y-branch and the hydraulic characteristics of the out- 
le t  structure. 

THE MODEL 

The model was built to  a geometrical scale ratio of 1:24.7 s o  that 
parts  of a recently tested model could be reused. Represented in the 

* 

model were the three 11.0-foot-diameter conduits, the gate chamber 
and radial gates, the horseshoe conduits, the stilling basin, and the 
excavated channel (Figure 6 ) .  



tributed to the three circular conduits through a baffled manifold 
connected directly to  the laboratory water supply system. To assure  
smooth flow in the conduits, four-vane flow straighteners were placed 
at the upstream end of each conduit. 

The circular conduits upstream from the gate chamber were repre- \ 

sented in the model by 6.2-inch-diameter sheet metal pipes. The 
gate chamber and horseshoe conduits were fabricated from trans- 
parent plastic. The radial gates were made of galvanized sheet ! 

metal. The gate chamber piers, the stilling basin, and the stilling 
basin chute blocks and dentated end sill were made of wood treated 
to resist  swelling. The downstream r iver  channel was formed in 
sand with a median diameter of approximately 0.8 mm, with 90 per- 
cent between the No. 8 and 200 Tyler standard screens. 

Discharges in the model were measured using calibrated Venturi 
meters permanently installed in the laboratory. Pressure  heads 
in the circular conduits were measured by means of piezometers 
placed in the invert of each conduit and located one-conduit diameter 
upstream from the gate chamber transition. 

The piezometer leads from each of the conduits were connected to  
a separate open-tube glass manometer. Tailwater elevations, meas- 
ured on a staff gage located in the center of the channel, were con- 
trolled by an adjustable tailgate at the downstream end of the model. 

Since the model did not include the reservoir  area' o r  the outlet works 
intake structure, the corresponding pressure  head in the conduits was 
determined by computing the hydraulic losses  from the reservoir  water 
surface to the pressure-measuring station, 1-diameter upstream from 
the gate chamber transition. The hydraulic losses included the entrance 
loss  at the intake structure and the pipe friction loss  between the 
structure and the piezometer ring. The entrance loss  (he) wa 

v2 
mined from he = K where K = constant = 0. 1 and v = the m 

Q - 
ity in the conduit. The relatively high K value was used because gate slots 
were placed in the bellmouth entrance. The friction loss  was computed 

n 

a v" from hf = f a where: 
g 

f = 0.012 = friction factor 
a = 242 feet = conduit length 
d = 12.76'feet = conduit diameter 

v = 3 for the circular conduit. (Mean velocity. ) 



ture  is- 11.00 feet, the 6.2-inch-diameter pipe used in the model scales 
up to  12.76 feet; therefore, the 12.76-foot diameter was used in deter- 
mining the model velocity head and corresponding pressure head for 
test  purposes. 

# 

THE INVESTIGATION 

'I During the investigation, test  discharges were based on two reservoir  
elevations and two tailwater elevation curves. The two reservoir  
elevations were the maximum reservoir  elevation 6512.9, and the 
maximum conservation pool, elevation 6506.0. At the maximum 
reservoir  elevation the spillway discharges 20, 000 second-feet which 
flows into the same channel a s  the outlet works. Therefore, the tail- 
water elevation is governed by the combined flow of the spillway and 
the outlet works. For  the 6506.0 reservoir  elevation, only the out- 
let  works is operating and the tailwater elevation is based accordingly. 
In addition to the above, the downstream channel conditions also govern 
the tailwater elevation. After the first few years  of operation the dis- 
charge channel is expected to degrade several feet, thus lowering the 
tailwater elevation. The two tailwater curves used in these tes ts  a r e  
shown on Figure 7. The top curve is for the maximum reservoir  eleva- 
tion and assumes existing channel conditions. The bottom curve is for 
the lower reservoir  elevation and assumes degraded channel conditions. 

Flow in Gate Control Structure and Horseshoe Conduits 

The gate control structure in each of the three conduits consists of an 
8-foot- 6-inch by I 1-foot rectangular pa.ssage, containing a fixed-wheel 
slide gate followed by a top-seal radial gate (Figure 4). The radial 
gates will be used for flow regulation; the fixed-wheel gates will be 
used for emergency closure if the radial gates need repair. Neither 
the fixed-wheel gates nor the gate slots were reproduced in the model. 

Downstream from the radial gates, the sidewalls in each piassage diverged 
to increase the channel width to 14 feet. The roof of this diverging sec- 
tion was also transitional to form the semicircular crown of each of the 
downstream horseshoe conduits. Each horseshoe conduit extended from 
the end of this transition at Station 30+ 19.00, downstrea 
32-1-29.00. 

% Flow passed through the gate chamber, transition, and hor:seshoe con- 
duits in a satisfactory manner for al l  discharges. When the radial 
gates were partially closed, the water surface was smootkl and the flow 
was well distributed at the s tar t  of the horseshoe conduits:. When the 
gates were fully open, the flow pattern was equally good and the gate 
trunnions were above the water surface at all discharges. 



upstream end of the condiits but the fins had no tendency t o  fold 
over and f i l l  the conduit (Figure 8A). Aside from the fins, the 
water surface in the horseshoe condu a s  steady with no aPPar- 
ent undulations. 

Outlet Works Chute 

The chute between the horseshoe conduits and the stilling basin was 
a rectangular open channel diverging from 46 feet wide at the tunnel 0 
portals to  62 feet wide at the stilling basin. The chute bottom was 
horizontal for the first 55.00 feet with a vertical curve for the next 
100 feet and 2:  1 slope for  the final 28 feet (Figures 4 and 9). 

The performance of the chute was excellent in all respects during 
symmetrical tunnel operation. The water jets spread a s  they emerged 
from the three conduits, and only a small surface fin formed where the 
flows from adjacent tunnels met, (Figure 8B). Although these fins 
extended only a short distance and. caused no--adverse flow conditions 
in the stilling basin, it was decided to eliminate the fins since they 
were unsightly and a source of spray. To eliminate the fins, tapered 
piers  were installed between the tunnels at the tunnel portals (Fig- 
ure  10). The piers were 19 feet long and tapered from 2 feet wide at 
the tunnel portals to 1 foot wide at the downstream end. The piers  
reduced the fins t o  a negligible size (Figure 8C), and allowed the flow 
to spread across the chute when releases were made through one or  
two tunnels. 

With 211 combinations of one o r  two tunnels operating, the flow dis- 
tribution in the chute was sufficiently good that no adverse eddies - 
formed in 'the stilling basin. Figure 11 shows the flow conditions in 
the chute fo r  various combj Lions of one and two operating conduits. 

Stilling Basin Studies 

The stilling basin studies were concerned with developing an effective 
stilling basin that would provide good energy dissipation with a minimum 
amount of bank and channel bed scour for all of the expected combina- 
tions of discharge and tailwater elevation. 

Tailwater elevation at the outlet works stilling basin will be governed 
not only by the discharge f rom the outlet works but also by the flow from C 

the service spillway since the flow from both the spillway and the out- 
le t  works enter the same channel. When the reservoir  elevation is 
higher than the service spillway cres t  (elevation 6506. O), the tail- 
water elevation is determined by the combined flows of the spillway 
and outlet works; when the reservoir  elevation is below 6506.0, the 
tailwater elevation is determined by the outlet works discharge only. 



water elevations. Two tailwater elevation curves a r e  shown on 
Figure 7; the upper curve is for existing tailwater conditions and 
the lower curve is for a degraded channel. Preliminary tes ts  
showed that the high tailwater elevations provided the most severe 
operating conditions, 

Preliminary Stilling Basin. The preliminary stilling basin was 
14U feet long and ti2 feet wide. The floor was at elevation 6357. 0, 
and the top of the training wall was at elevation 6408. 0. Chute 
blocks were used at the upstream end of the basin, and a dentated 
sill was placed at the downstre- end; Figure 9. The five chute 
blocks, equally spaced across the basin at the toe of the chute, 
were 4 feet high .and 5 . 7 5  feet wide; the top edges of the blocks 
were streamlined with elliptical curves. The deritated end sill 
had a 2: 1 slope on the upstream and downstream faces. Four 
dentils equally spaced on the upstream face of the sill were 9 feet 
high and 5.75 feet wide. The dentils adjacent to the wall on either 
side were 5 feet 1- 11 2 inches wide. The upstream edges of each 
dentil were streamlined with a 12-inch radius quarter circle (Fig- 
ure  9). 

Downstream from the stilling basin, the riprapped channel bed 
sloped upward on a 5: 1 slope t o  elevation 6390. The bottom width 
diverged from 62 feet at the basin to 190 feet at the top of the slope. 
The.sides of the channel were formed on a 2: 1 slope. The proto- 
type siprap was represented in the model with 114- to 314-inch 
gravel. 

The effectiveness of the stilling basin was evaluated for  maximum 
discharge at both tailwater conditions. The cri teria used to  evalu- 
ate the stilling basin performance were: (1) the general appearance 
of the hydraulic jump; (2)  the magnitude of the wave action in  the 
channel downstream from the basin, and (3)?the amount of bank 
erosion o r  riprap movement, during or  after a reasonable period 
of operation, usualkj about 1 hour. 

Fo r  the maximum discharge and the high tailwater condition, the 
flow appearance was very good. The surface of the hydraulic jump 
was rough with considerable surging but the jump was entirely con- 
tained within the basin (Figure 13). At the toe of the jump there was 
considerable splashing and some water overtopped the training walls. 
The maximum wave heights, measured at the end of the basin t o  the 
right of the training wall, were about 3. 6 feet, with the average 
height being about 1.4 feet. The riprap on the floor and sides of the 
channel was not disturbed during this operating condition. 

7 



what rougher and extended short distance downstr&*beyond the 
end of the basin (Figure 13). The action at the toe of the jump did 
not splash a s  much water over the top of the training wal3.s a s  observed 
with the higher tailwater. A small amount of riprap on the left side 
slope about 70 feet downstream from the end of the basin moved dur- 
ing this test but the quantity was not measurable. The wave heights . 
for this tailwater condition averaged about 1 . 2  feet with a maximum 
of about 2. 5 feet. 

f 
Tests were also made with various combinations of conduits operat- 
ing to determine if the asymmetrical flow would cause inadequate 
energy dissipation in the stilling basin. For  most combinations, the 
stilling basin was satisfactory; the stilling action was confined within 
the basin at all  times, and the flow beyond the end of the basin was 
smooth (Figure 14). 

The tests  with unsymmetrical operation indicated one operating con- 
dition that should be avoided i f  possible. When either outside con- 
duit was operated alone at maximum capacity, 6,233 cfs, with the 
high tailwater elevation 6403.0, the jet did not spread across the 
chute and failed to  penetrate the tailwater. Consequently, the jet 
pushed the tailwater downstream and formed a large wave that 
splashed over the side of the training wall (Figure 15). Excessive 
splash probably will cause erosion of the backfill on the outside of 
the wall. A simil;ir action also occurred when the center and one 
outside conduit were in operation but the magnitude of the waves was 
much less; this action did not occur with only the center conduit oper- 
ating. 

Recommended Stilling Basin. The preliminary stilling basin y a s  sat- 
'isfactory in providing good energy dissipation and no major modifica- 
tions were recommended. However, to eliminate some of the splash- 
ing that overtopped the training walls at the maximum discharge, a 
coping str ip 18 inches wide and 12 inches deep was installed at the 
top of both walls between Stations 32+74.O and 3%-05. 3 3  (Figure 9, 
Detail C).  Although the coping str ip did not prevent splashing from 
overtopping the walls, the amount of splash was greatly reduced. 

Sweepout Test. A test  was performed to  further evaluate the stilling 
basin by determining whether the hydraulic jump would sweep from 
the basin when the tailwater was below the minimum design elevation. 
The tailwater was gradually lowered, with the maximum discharge of 
18,700 second-feet passing through the basin. Because of model 
limitations, the tailwater could only be lowered to elevation 6391 o r  
about 9 feet below the minimum design elevation. At this tailwater 



chute and the chute blocks remained covered at all times. This test  
indicated that the basin could be safely operated at maximum dis- 
charge at a tailwater elevation at least  9 feet lower than the minimum 
predicted tailwater. 

Pressures  on Training Walls. The stilling basin sidewalls extend 
out into the tailwater pool, [The water behind the walls will not be in 
motion and will s tandat  about the elevation of the downstream tail- 
water, producing a relatively constant force on the outside of the 

b. training walls. When the outlet works is operated, the water surface 
inside the basin will be generally lower than the downstream tailwater 
elevation, producing a differential pressure on the walls. In addition, 
dynamic forces produced by the hydraulic jump action create inter- 
mittent pressures that vary above the static pressures on the inside of 
the walls. To aid in the structural'design of the walls, these forces 
were evaluated in the model by measuring the magnitude of the pres- 
sures, the pressure differential, and the extent of pressure fluctua- 
tions on the training walls. - 

Initially, piezometers were installed on the inside surface of the right 
training wall at Stations 34+92. 00, 3% 17. 00 and 35+42. 00 to measure 
the dynamic forces on the walls. At the f irst  two stations piezometers 
were located at elevations 6360, 6370, 6380, and 6390; piezometers at 
the downstream station were located at elevations 6370, 6380, 6390. 
Preliminary pressure measurements indicated that large pressure 
fluctuations might occur in the vicinity of the piezometer at Station 
34+92. 00, elevation 6370, at the contraction joint at Station 35+05. 33, 

l and near the piezometer at Station 35-t-17.00, elevation 6390. To obtain 
more data at these locations, additional piezometers were installed at 
Station 34+82.00, elevations 6370 and 6375; at Station 35+04. 50, eleva- 
tions 6370, 5375, 6385, and 6395; at Station 35+17. 00, el-evations 6385 

I m d  6395; and at Station 35-t-29. 5, elevations 6385 and 6395. A total of 
22 piezometers were installed in the right wall (Figure 9). 

I 

The piezometers were connected to pressure cells sensitive t o  instan- 
taneous pressure fluctuations. Magnitude and frequency of pressure  
fluctuations were converted in an electronic circuit to signals which 
activated a direct writing oscillograph. The t race  produced on the 
oscillograph chart thus became a measurement of the freqGency and 
amplitude of the dynamic pressures  at the piezometer. Water sur-  
face profiles within the basin (Figure 12) and pressure measurements 
were obtained with all three conduits operating at maximum capacity, 
with various combinations of two conduits operating at capacity, and 
with each conduit operating singly at capacity. For  each combination, 
both high and low tailwater elevations were used. However, only the 



lated. since this operation seemed t o  result in the greatest pressure  
variation. 

The results  of the pressure tes t s  a r e  shown in Table 1 and on Fig- 
ure 9. It is recommended that the minimum dynamic pressures  be 
used to  compute the pressure differential and forces on the sidewalls. 

Discharge Capacity 

The head- discharge capacity of the structure with the flow controlled 
by the radial gates was obtained as part of the model studies. The 
measurements were made with the three gates equally opened in 
2-foot increments, commencing with the gates raised 1 foot. The 
calibration procedure was to  se t  carefully the gate opening at the 
desired increment, increase the discharge through the model until 
the pressure  head in the circular conduits 1-diameter ugstream from 
the transition was equivalent t o  elevation 6430.0, and tc measure the 
quantity of flow. This procedure was repeated for 10-foot increments 
in pressure  head up t o  elevation 6500.0. Discharges versus total 
energy heads thus obtained for  each gate opening a r e  shown in Fig- 
ure 16. To use these curves to determine prototype discharges, it 
will be necessary to install in each conduit of the prototype structure 
a pressure  measuring piezomf:ter in the same relative location des- 
cribed for  the model, and a gage suitable for  use by an operator 
should be provided. Once the relationship between headwater eleva- 
tion and piezometer pressure head has been established a s  a result 
of prototype operation, the ordinate of Figure 16 may be  changed t o  
show the relationship of discharge to  headwater elevations. 

Powerplant Turnout 

A 10-foot-diameter pressure conduit and Y-branch will be installed 
in the right outlet works tunnel, Figure 5. One leg of the Y-branch, 
the penstock lateral, will supply water to  the powerplant. The other 
ieg will lead to a slide-gate-controlled r iver outlet. Flow from the 
penstock outlet structure w i l l  discharge onto the outlet chute and into 
the stilling basin similar to flow from thee.existing horseshoe tunnel, 
Figure 5. 

To investigate the flow conditions in the Y-branch and at the exit of 
the penstock outlet structure, the 10-foot-diameter pressure  conduit, 
the Y-branch, the penstock outlet structure, and the 30" elbow and a 
short length of conduit downstream from the bend were installed in 
the model, Figure 17. 

Three i tems of concern were studied: (1) The pressure  conditions 
near the intersection lines of the penstock lateral, (2)  the head loss  



COMPARISON O F  DYNAMIC AND HYDROSTATIC PRESSURES 
ON STILLING BASIN SIDEWALLS 

Discharge = 18,700 cfs 

Tailwater elevation 6404. 6 Tailwater  elevation 6400. 8 
Hydrostatic Dynamic Hydrostatic Dynamic 

Piezometer Pressure::' Pressure::: .Pressure2:: I?ressure* 
No, Station Elevation Max. Min. Max. Mm. Max. Min. Max. Min. 

1 3 9 0 4 . 5  6395 1 l., 5 3 .5  14.1 3.8 9 .0  0 9.2 0.8 
2 3 9  17.0 6395 15. 0 4 .5  16.8 5.7 6. 5 1. 0 10.9 3.0 
3 3 9 2 9 . 5  6395 15. 0 5. 0 11. 6 5.2 11. 5 1.0 8.7 0 
4 34I-92.0 6390 17. 5 6.0 18.4 7.5 13.0 4.0 11.0 4.3 
5 3 9 1 7 . 0  6390 20. 0 9. 5 20. 5 10.4 11. 5 6.0 21.7 9 .4  
6 35t42.0 6390 20.1) 12.0 13.2 6. 1 17. 0 7:5 12.8 4. 8 
7 35t-04.5 6385 21.5 13.5 , 1 9 . 5  11.1 19.0 10.0 14.0 5. 6 
8 354 17.0 6385 25.0 14.5 , ' 2 0 . 6  1 1 . 2  16.5 11.0 17.1 9.7 
9 3 9 2 9 . 5  6385 25.0 15.0 / (  21.3 12.3 21. 5 11.0 15.0 6-4  

10 34+92.0 6380 27.5 16.OiL-' i8.4 12.0 23.0 14.0 27.4 3. 1 
11 3 9 1 7 . 0  6380 30.0 19.5 32.8 18.3 21.5 16.0 29.9 17.5 
12 35t42.0 6380 30.0 22.0 26.3 19.9 27.0 17.5 24.3 16.9 
13 34-1-82.0 6375 32.0 20.0 35.8 24.8 28.0 17.0 34.0 16.4 
14 34-1-92.0 6375 32.5 21.0 31.9 18.1 28.0 19.0 35.3". 20.7 
15 3 9 0 4 . 5  637 5 31.5 23.5 31.9 18.1 39.0 20.0 33.9"-1!.7 
16 34I-82.0 6370 37.0 25.0 36.0 24.6 33.0 22.0 38.2 l b . 8  
17 34.1-92.9 6370 37. 5 26.0 34.2 20.8 33.0 24. 0 35.6 14.2 
18 3 9 0 4 . 5  6370 36.5 28.5 31.7 20.8 34.0 25.0 27.3 16.8 
19 3 9 1 7 . 0  6370 40.0 29.5 39.'1 24.0 31.5 26.0 36.2 16.9 
20 3 9 4 2 . 0  6370 40.0 32.0 42.8 24.8 37.0 27.5 40.6 24.0 
21 3&92.,0 6360 47.5 36.0 50. 8 30.0 43.0 32.0 49. 1 28. 6 
22 3 9  17.0 6360 50.0 39. 5 49. 3 32.5 41. 5 36.0 47.8 26. 8 

*Pressures  a re  in feet of water  above piezometer. 



downstream from the penstock outlet structure. 

Preliminary Y -Branch 

The preliminary Y -branch consisted of a 10-foot-diameter penstock 
lateral  taking off t o  the right from the main conduit at an angle of 60". 
At  the end of the 60" turn the lateral  was turned to the left by a 30" 
elbow, and then continued toward the powerplant in a straight line. 
Flow in the penstock is not expected to  exceed 1,700 second-feet. 
However, it is possible that both the penstock outlet and the power- 
plant will operate simultaneously, but more generally one of them 
will operate singly. In any case, the total flow entering the Y-branch 
is not expected to exceed 4,734 second-feet. 

Head Loss. The amount of head loss  in the penstock lateral  of the 
Y-branch was determined by subtracting the total head (velocity head 
plus pressure  head) measured four pipe diameters downstream from 
the P. T. of the bend, from the total head measured one pipe diameter 
upstream from the Y-branch. A loss coefficient, K, was then deter- 
mined by dividing this head loss  by the velocity head of theflow enter- 
ing the Y-branch. The loss  coefficient was then related t o  the ratio 
of the penstock discharge to  the total discharge entering the Y-branch. 
This relationship, shown on Figure 17, indicated that for the 60" turn- 
out K will have a minimum value of about 0. 49 when the discharge 
ratio is about 0.60. When the total flow is diverted through the pen- 
stock, K will equal about 0. 70. 

The combined loss  coefficient, K, for the 60' turnout and 30" elbow 
varied between a minimum value of about 0. 66 when the discharge 
ratio was 0. 54 to a value of about 0. 85 when the total flow was diverted 
through the penstock lateral. 

Pressures .  Average pressures,  measured with water manometers, 
were obtained (1) with 1,200 and 4, 734 second-feet passing through 
the penstock outlet structure and no flow through the penstock, and 
(2 )  with no flow through the outlet and with seven different discharges 
varying from 1,200 to  4,150 second-feet through the penstock. Pie- 
zometers were placed in cri t ical  low-pressure regions of the Y-branch, 
a s  shown on Figure 17. 

The average pressure measurements indicated that when the total flow 
passed through the penstock outlet no subatmospheric pressures occurred 
in the Y-branch at  any discharge. Also, when the quantity of flow diverted 



above atkiospheric. However, with 4, 150 second-feet diverted into 
the penstock, all piezometers along the upstream intersection line 
between the penstock lateral  and the main conduit indicated subatmos- 
pheric pressures near vapor pressure. Since the maximum flow . 
through the penstock is limited to 1, 650 second-feet, preliminary 
pressure measurements indicated the preliminary Y-branch t o  be 
satisfactory. The average pressures obtained at the different dis- 
charges a re  shown on Figure 17. . , 

Preliminary Penstock Outlet 

The preliminary gate-control structure downstream from the Y-branch 
is a rectangular passage 8. 5 feet wide by 9. 0 feet high containing two 
high-pressure slide gates in tandem. The upstream gate is an emer- 
gency gate and was not reproduced in the model. The downstream slide 
gate was represented by a square-bottomed plate. In the preliminary 
design the structure was pointed directly downstream with the same 
centerline a s  the original horseshoe tunnel. The portal of the penstock 
river outlet structure is at Station 32+50, 2 1 feet further downstream 
than the portal of the horseshoe conduit, Figure 5. 

The invert of the pressure conduit upstream from the penstock outlet 
structure is 2 feet above the chute floor. To lower the invert of the 
penstock outlet structure 2 feet and at the same time spread the jet 
emerging from the structure, the transition between the circular con- 
duit and the rectangular penstock outlet was designed so  that the gate 
section was tilted downward at a 5" angle. 

The flow distribution on the chute and the stilling basin performance 
were investigated in the initial t es t s  for the following operating condi- 
tions. Discharges of 1,200, 2,400, and the maximum capacity of 
4, 734 second-feet through the penstock outlet structure with: ( 1) no 
flow through the two horseshoe tunnels, ( 2 )  maximum capacity through 
the center horseshoe tunnel, and ( 3) maximum capacity through the 
center and left horseshoe tunnels.. 

When the penstock outlet was operating by itself, the flow spread to  
the left a small amount but the right edge of the flow impinged against i 
the chute wall forming a fin of water. For  the 1,200- and 2, 400-second- 
foot discharges the fin was not objectionable but for the maximum dis- 
charge the fin overtopped the training wall (Figure 18). 

When either one of the two horseshoe conduits was operating in con- 
junction with the 1,200- and 2,400-second-foot discharges from the 
penstock outlet, the flow seemed insignificant; however, a large fin 
formed where the flow from the conduits intersected the penstock 



of the penstocg outlet flow, causing a very rough water surface on the 
chute and an unsymmetrical jump in the stilling basin. 

These preliminary tes ts  indicated that design modifications of the pen- 
stock outlet structure were necessary to  improve the flow distribution 
on the chute and to reduce the height of waves and fins along- the right 
training wall. 

F i r s t  Modification. The penstock outlet structure was modified by II 
turning the gate section 5" to  the left (Figure 20A). 

This change was accomplished in the model by placing a wedge between 
the circular-to-rectangular transition and the gate section. 

With the penstock outlet structure operating by itself, the flow was well ,I; 

distributed across  the chute and stilling basin for all tes t  discharges , / 
#, "' 

,,#fi 

(Figure 21). 
: 2:. ji - 

The height of the fin on the right wall was greatly reduced and even at 
the maximum discharge it rose  only about halfway to  the top of the wall. 
With either one o r  both horseshoe conduits operating in conjunction with 
the outlet, the flows impinged causing a high fin to form (Figure 22). 
Although this  fin was unsightly and caused some disturbance on the chute, 
it was well contained within the sidewalls and caused no undue splashing 
outside the confines of the basin. The jump was unsymmetrical when 
either the center o r  left conduit was operating with the spillway outlet 
structure but the poor flow distribution was fairly well smoothed out by 
the time it left the stilling basin. 

Although this modified spillway outlet structure provided satisfactory 
operation it was felt that more even flow distribution might be obtained 
i f  the spillway outlet structure discharged horizontally onto the chute. 
In addition, the 5" turn t o  the left involved some structural design dif- 
ficulties that should be avoided; therefore, the testing was continued 
with the structure discharging horizontally onto the c h t e  and with l e s s  
deflection t o  the left. 

Second Modification. The circular-to-rectangular transition was mod- 
ified s o  that the gate section was placed horizontal and pointed directly . 
downstream ( ~ i g u r e  20B). 

The second modification was only a slight improvement over the pre- 
liminary design. A fin rose high on the right wall and large waves I 

overtopped the wall at the maximum discharge (Figure 23A). 
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section was turned-2" toward the left (Figure 2 4 ~ ) .  

With the outlet struhture turned 2" t o  the left, 'the fin still formed on 
" 

the right wall but itthad moved about 15 feet further downstream and; 
was about 3 feet lower than that observed with the second modifica- 
tion. However, at the imaxinnum discharge, the flow entering the 
stilling basin still created large waves that frequently overtopped 
the basin walls although not to  the extent observed with the previous 
designs (Figure 2 3B) .  

Fourth Modification. The amount of turn-in was in 
10 d" for the fourth modification (Figure 24B). 

With the 3" turn-in the height and location of the fin was about the 
same as  it was with the 2" turn-in. However, the flow spread suf- 
ficiently across the chute and forced the tailwater downstream, pre- 
venting the formation of large waves that overtopped the right wall 
in the ear l ier  designs. Some splashing occasion;illy went over the 
wall but it  was a comparatively minor amount (Figure 23C). There 
was some flow concentration along the right side of the stilling basin 
but no eddies o r  swirling action formed in the basin and the flow leav- 
ing the basin was very smooth., 

Fifth Modification. The penstock outlet structure was turned 5' toward 
The left for the fifih modification (Figure 25). 

With the 5" turn-in, the jet was well distribu1;led across the basin at the 
maximum discharge of 4,734 second-feet ancl the fin along the right 
wall was reduced to  negligible proportions (Figure 26). The wave 
action caused by the jet striking the tailwater was entirely eliminated. 

The jet was less  evenly distributed across the basin for the lower dis- 
charges of 1,200 and 2,400 second-feet. However, the flow concen- 
trated near the center of the basin and any resulting asymmet~ry in the 
hydraulic jump was confined to  the upper end of the basin (Figure 27). 

When the penstock outlet structure was operated in conjunction with 
either one o r  both horseshoe conduits, a large fin formed where the 
penstock outlet flow joined the flow from the horseshoe conduits. How- 
ever, the fin did not affect the flow distribution across the chute or the 
action of the hydraulic jump, and the splashing caused by the fin fall- 
ing back on the high velocity jet was well contained within the sidewalls 
of the basin. 

Recommendations for Penstock Outlet Sti -cture and Y-branch 

Three of the six penstock outlet structure z~rrailgements that were 
investigated in the model provided acceptable flow conditions on the 
chute and in the stilling basin. In preferential order these were: 
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Modification); ( 2 )  vvith the structure tilted downward 5" and turned 
5" toward the left (F i r s t  Modification);,and ( 3 )  with the structure 
horizontal and turned 3' toward the left (Fourth Modification). The 
selection of the arrangement for prototype construction was governed 
by the limited length available t o  install the circular-to-rectangular 
transition upstream from the penstock outlet structure and yet turn 
the gate section t o  the left and lower the flow to  the chute floor. In 
addition, sufficient space was needed between the downstream gate 
frame and the pier t o  provide a structurally sound design. 1 

The studies also indicated that the head loss in the penstock lateral  
might be reduced. This could be accomplished by streamlining the 
60" Y -branch and replacing the 30" elbow with one of less curvature. 

Recommended Y -Branch 

The Y-branch was streamlined by substituting a ser ies  of mitered 
turns rather than an abrupt turn of 60" in the turnout, and the 30" 
elbow was replaced with a 20' mitered elbow, Figure 28. 

Head Loss. Head loss coefficients for the streamlined Y-branch were 
obtained in the same manner a s  for the preliminary Y-branch. The 
coefficients, related to the ratio of the penstock discharge to the total 
discharge entering the Y -branch, a r e  shown on Figure 28. The tes ts  
showed that the minimum loss  coefficient, K, will be about 0.29 when 
the discharge ratio is about 0. 57. When the total flow was diverted 
through the penstock, K, will equal about 0.47. The streamlined 
Y-branch reduced the head loss  by about 45 percent when all the flow 
w a s  diverted through the penstock and a s  much a s  56 percent when part 
of the flow was diverted. 

Pressures .  Nine piezometers were placed in the recommended Y-branch. 
Three  near  the crotch and six on the upstream side of the penstock lateral, 
F igwe  28. The pressures  were obtained by means of water manometers 
connected i o  the piezometers, which gave an average pressure  and did 
not show the maximum o r  minimum fluctuations. 

The piezometers on the upstream side of the penstock lateral  indi- 
cated that the pressures  would be near atmospheric o r  above for all 
of the expected operating conditions. The pressures measured by 
the piezometers in the crotch were above atmospheric a s  l ~ n g  as  
there was flow in the penstock lateral, Runs 2 and 3 in the table of 
Figure 28. However, when there was no flow through the penstock 



e te rs  in the crotch indTcated subatmospheric pressures of adout 
18.0 feet of, water, Run 1 in the table in Figure 28. - 

1 

When the control gate at the downstream end of .the penstock outlet 
was c1osed:O. 2 foot, the crotch pressures were raised to about 
5. 0 feet of ,water below atmospheric, and with the gate closed 0 .4  
foot the pressures were near atmospheric. (Runs 4 and 5 in the 
table in Figure 28. ) , I  

These changes in gate opening reduced the maximum discharge by 
300 and 500 second-feet, respectively. 

~nstantani!ous dynamic pressure measurements were obtained at the 
crotch ,siezometers and at the first piezometer on thexpstream side 
of the penstock lateral. The measurements were made with the gate 
full open and closed 0.2 foot. The average instantaneous pressures  
comparecl favorably with the values obtained from the water manom- 
e te r  measurements. However, the extremes of the instantaneous 
fluctuations indicated that at Piezometers No. 8 and 9 severe sub- 
atmospheric pressures in the vapor pressure range would occur a 
large percentage of the time, even with the gate closed 0.2 foot. 
These p:ressures have been tabulated in Table 2. 

It was f e l t  that a smaller gate operated at 100 percent opening would 
ra ise  the subatmospheric pressures  .in the Y-branch to an acceptable 
degree iand would reduce the discharge l e s s  than restricting the2~pBG 
ing of a larger  gate. Therefore, it was decided to reduce the height 
of the gste by 6 inches. 

With the 8-foot 6-inch square gate fully open the maximum discharge 
capacity was about 4,400 second-feet, o r  334 second-feet l e s s  than the 
capacity of the larger  gate. The piezometers in the crotch indicated 
average water manometer pressures  equivalent to about 8 feet of water 
below atmospheric, (Run 5 in the table on Figure 28). 

Instantaneous dynamic pressure measurements were made with the 
small gate full open and closed 0. 25, 0. 50, 1. 0, and 2. 0 feet. There 
was no flow through the penstock turnout. In general, the average 
instantaneous pressures  compared favorably with the values obtained 
from the water manometer measurements. However, the minimum 
instantaneous readings indicated that severe subatmospheric pressures  
at Piezometers No. 8 and 9 would st i l l  occur a large percentage of the 
time with the gate full open and closed 0.25 foot. With the gate closed 
0. 5 foot, instantaneous minimum pressures  equivalent to  about 18 t o  
1 9  feet of water below atmospheric were recorded. With the 1. 0-foot 
closure, the minimum pressures were only about 3 to 4 feet of water 
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30 feet of water above atmospheric. 

Since it was believed that pressures  of the magnitude of 17  feet of 
water below atmospheric could be tolerated for short periods, it w a s  
recommended that a stop be placed on the gate stem s o  that the gate 
could not be opened more than 8.0 feet. (Assuming the 8.5- by 8.5- 
foot gate will be installed. ) With the gate closed 0.5 foot the discharge 
capacity was reduced by 834 second-feet, to 3,900 second-feet. 

t 
Instantaneous maximum dynamic pressures  were also obtained during 
these tests.  The maximum pressures  varied from 10 feet of water 
higher than the minimum pressure  at Piezometer No. 1, to  86 feet 
of water higher than the minimum pressure at Piezometer No. 8. 
Thus, the fluctuations on the oscillograph recordings indicated that 
there could be an instantaneous change from the maximum t o  the 
minimum pressure  equivalent to  about 86 feet of water. The average 
frequency of fluctuations was about 5 cycles per second. The maxi- 
mum and minimum pressures for the various operating conditions 
a r e  shown in Table 2. 

Recommended Penstock Outlet 

On the basis of the laboratory investigations and other criteria, it . 
was decided to  tilt the penstock outlet structure downward 5" 30' and 
turn it to  the left 4" 01, Figure 28. .The emergency gate also was 
removed from the design which shortened the length of the gate struc- 
ture by 8 feet. 

-Pressures .  The turning and tilting of the penstock outlet structure 
were accomplished by a compound miter  cut in the circular pipe 
upstream from the transition. This method of construction resulted 
in some abrupt changes in alinement that could conceivably cause low- 
pressure  conditions along the flow boundaries. To investigate this 
possibility, 12 piezometers were placed in critical a reas  in the tran- 
sition and gate structure, Figure 28. 

Manometer pressure measurements indicated that no objectionable 
pressures  occurred in the transition at any discharge, with either 
the 8. 5- by 9.0-foot gate o r  the 8. 5- by 8. 5-foot gate. With the 
maximum discharge (using the large gate) of 4,734 second-feet 
going through the penstock outlet and. no flow through the penstock 
lateral, the pressures varied from 1. 5 feet of water below atmos- 
pheric to 19.2 feet of water above atmospheric. With divided flow 
of 1,600 second-feet through the penstock lateral  and 3, 134 second- 
feet through the penstock outlet (using the large gate), the pressures  
varied from 31.4 t o  44. 1 feet of water above atmospheric. The pres- 
sures  with the maximum discharge through the small  gkte varied from 



Table 2 

INSTANTANEOUS PRESSURES IN Y-BRANCH CROTCH 
8.5- by 9. Q-foot gate 8. 5-'>iy 8.5-foot gate 

:gPiezometer Fu l l  Closed Fu l l  Closed Closed Closed Closed 
No. open . 0 . 2 f  open 0 . 2 5 f t  . 0 . 5 f t  1 .0 f t  2 .0 ft  

1 Maximum 18.9 28.8 23. 8 33. 6 38. 6 53.4 68. 3 
Minimum -"5.8 0. 1 4. 1 16. 3 26. 3 36.2 58.4 

7 Maximum 82.1  88.4 79.1 80.7 ' 8 2 . 2  63.7 94.5 
Minimum 14.3 20.4 17.4 41. 2 39.0 51.3 69. 8 

8 Maximum 33.8 56.0 36. 3 48.2 41. 2 56.0 68.4 
Minimum VPs* -30.4 VP VP -18.1 -3.3 26.4 

9 Maximum 32.5 37.4 39.9 . 42. 3 49.7 59. 6 69. 5 
Minimum VP :k vl=' YF' V P  -19.4 -4.6 30, 0 

Y - c '  
; f 

\ '  
*For  location of piezometers  see Figure 28. i , 

:%::Indicates vapor pressure .  ?&:*., -., 
4 b: 



atmospheric. The pressure  readings for these, and other flow 
conditions have been tabulated on Figure 28. 

Walls Downstream from Gate. Flow from the penstock outlet gate 
discharges onto the stilling basin chute. The gate structure had been , 
tipped downward and turned to  the left t o  distribute the flow across  the 
chute so  that it would enter the stilling basin at uniform depth. With 
the length of the gate section reduced by 8 feet, the structure termi- 
nated upstream from the end of the center piers, Figure 29. The + 
flow emerging from the gate was not in contact with the center pier  o r  
the right wall of the chute, and consequently, the flow spread and 
impinged against the pier and the wall, causing large fins t o  r i s e  along 
these surfaces. On the left side, the fin was not harmful but was 
unsightly and would be a source of excessive spray. On the right side 
the fin frequently overtopped the wall and could possibly damage the 
fill on the outside of the wall. To eliminate these fins, it was decided 
t o  install training walls downstream from the gate structure. 

, >5-- -"\ 
# \\ 

S e v e r d  different combin~tions of walls were investigated; these included 
diverging and straight w d l s  on the left side extending to the end of the 
pier, and diverging, c~~nverging,  and straight walls of various lengths 
on the right side. The'best performance on the left side .was obtained 
with a wall that diverged 5" from the side of the gate. This wall pre- 
vented the fin from forming and permitted the jet t o  diverge and spread 
across the chute. However, it was feared that the abrupt 5" deflection 
at the end of the gate structure might cause subatmospheric pressures  
t o  occur downstream from the change in  alinement so the divergence 
was accomplished by means of a 47. 3-foot-radius curve, Figure 29. 
The performance with the curved wall was very good, Figure 30, and 
it was accepted for prototype installation. . . 

Six piezometers were placed along the wall to  measure the pressures.  
One row of three piezometers was 1 foot above the floor, and a second 
row of three piezometers was 3 feet above the floor, Figure 29. The 
pressures  were determined for 100, 50, and 25 percent gate openings 
at maximum reservoir  elevation and a r e  tabulated in Figure 29. With 
the 100 percent gate opening, the lowest observed pressure was about 
5. 1 feet of water below atmospheric, recorded at the downstream pie- 
zometer in the top row. The lowest pressures  with the 50 percent gate 
opening, was about 6 feet of water below atmospheric, recorded at the 
downstream piezometer in the bottom row. With the 25 percent gate 
opening, the lowest observed pressure  was about 1 . 0  feet of water 
below atmospheric. 

Several wall arrangements were tested on the right side d t h e  pen- 
stock outlet. A wall about 35 feet long that diverged from the edge-of 
the gate structure to  the sidewall of the chute reduced the fin to 



--- 53--0- - - -  

on the jet,  straight wall, or  a continu5tiGn of ,the gate %tructure 
sidewall, only served to  move the {fin farther downstream on the chute. 
A wall at the end sf  the gate structure that converged 5" into the flow 
practically eliminated the fin. To make -a symmetrical structure, the 
convergence was accomplished by means of a curved wall approximately 
parallel to the left wall, .:Figure229. The curved converging wall reduced 
the fin t o  negligible proportions, and the flow entering the stilling basin 
was equally distributed, Figure 30. 

When the outlet was operated in conjunction~with either the center or 
left conduit or with both conduits, the aow distribution was Batisfac- 
tory on the chute and in the stilling bdsin, Figure 3 1. 
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A. Flow in tunnel. Radial gates open 9 feet. 
Fin along side wall was highest at this 

' opening. 

Figure 8 
Report Hyd. 487 

B. No piers at tunnel purtals. C. Tapered piers installed at 
tunnel portals. 

FONTENELLE DAM OUTLET WORKS , _% 

I: 24.7 Model Studies 
Discharge = 6,233 cfs per Tunnel -? , 

Flow in Tunnel and at Tunnel Portal 







Left tunnel only operating 
Discharge = 6,233 c f s  

Center tunnel only operating 
Discharge = 6,233 c f s  

FONTENELLE DAM OUTLET WORKS 

Center and left tunnels operating 
Discharge = 12,467 c f s  

1:24.7 Model Studies 
Unsymmetrical operation with 
piers  installed at tunnel portals 



L E F T  SIDEWALL PROFILE ON LEFT  SIDEWALL -With center and l e f t  conduits discharging. PROFILE ON LEFT SIDEWALL- Left  conduit only discharging. 

PROFILE 3N RIGHT SIDEWALL-With center and right conduits discharging. PROFILE ON RIGHT s l D E w A L L - ~ i g h t  conduit only discharging. 
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! WATER SURFACE P R O F I L E S  





Figure  14 
Report Hyd. 

Center Conduit 
Discharging 6, 233 cfs  
Tailwater Elevation = 6395. 

Left Conduit 
Discharging 6, 233 cfs 
Tailwater Elevation = 6395 

Center and Left Conduits 
Discharging 12, 467 cfs 
Tailwater Elevation = 6398 

FONTENELLE DAM OUTLET P 

1:24. 7 Model Studies 
Basin Performance with Unsymmetric 

RKS 

- .. 
Operation 
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Discharge = 1,200 second-feet Discharge = 2,400 Becond-feet 
Tailwater Elevation = 6401.9 

Tailwater Elevation,= 6402.1 

Discharge = 4,734 aecond-feet 
Tailwater Elevation = 6402.3 

I ,  

1: 24.7 Model Studies 
Preliminary Basin Operation 

~hraugh 8.5- x 9.0-Fcmt Penstock Outlet, 



Figure 19 
Roport Hyd. 48 

Penstock Outlet Discharge = 2,400 cfs Penstxk Outlet Discharge = 2,400 cfs 
Left Conduit Discharge = 6,233 c f s  Center and Left Conduits 
Center Conduit Closed Discharge = 12,467 cfs 
'railwater Elevation = 6402.8 Tailwater Elevation = 6403.6 

! .  

P 
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1: 24.7 Model Studies -2 , 
Basin Operation 

Combined Flows Through Preliminary Penstock Outlet 
and Horseshoe Conduit 







~ e ~ j s t o c k  Outlet Discharge = 2,400 c f s  
Left Conduit Discharge = 6,233 c f s  
Cen te r  Conduit Closed 
Tai lwater  Elevation = 6402.8 

Penstock Outlet Discharge  = 2, 400 c f s  
Left  Conduit Closed 
Cen te r  Conduit Discharge  = 6,233 c f s  
Tai lwater  Elevation = 6402.8 

FONTENELLE DAY. OUTLET WORKS 

1:24. 7 Model Studies 
Basin Operation Combined Flows 

Penstock Outlet Turned Left 5' - Tipped Down 5" 
(First Modification) 

Penstock Outlet Discharge = 2,400 c f s  
Cen te r  and Left  Conduits Open 
Discharge  = 12,467 c f s  
Tai lwater  Elevation = 6403.6 

!x'r 



Pointed Downstream 
(Second Modification) ', 

Discharge = 4,734;cfe 
Tailwater Elevation, =, 6402.3 

/ 

, " - , ".,, .,.,,. ,.- , 

Penstock Outlet Horizontal and 
Turned 2" t o  the  Left . 
(Third Modification) 
Discharge = 4,734 c fs  
Tailwater Elevation = f 02. 3 

Penstock Outlet Horizontal and 
Turned 30 t o  the Left 
(Fourth Modification) 
Discharge = 4,734 cfs 
Tailwater Elevation = 6402.3 

FONTENELLE DAM OUTLET WORKS 

1: 24.7 Model Studies 
Basin Operation with 

Different Modification of Penstock Outlet 







FONTENELLE DAM OUTLET WORKS 

1: 24.7 Model Studies 
Basin Operation - Penstock Outlet Horizontal and Turned 

5" t o  the Left (Fifth Modification) 
Discharge := 4,734 cfs, Tailwater Elevation = 6402.3 



Figure 27 
Report Hyd. 

Discharge = 1,200 cfs  Discharge = 2,400 c fs  

FONTENELLE DAM OUTLET WORKS 

1: 24.7 Model Studies 
Basin Operation - Penstock Outlet Horizontal and Turned 

5" to  the Left (Fifth Modification) 
Discharges of 1,200 and 2,400 c B  



k u ~  NO. I- a L 1 9 ' s a r ~  FLOW * 4734 CFS FULL NO OEN,WTLET FLOW IN 

RUN H0.2- PEWSTOCI 8 t 1 1 9 '  GATE.OU?LET FLOW* IWOCFS. FLOW. 3134 CFS. 

RUN N a 3 -  WTLET CLOSED,FLOW IN  PENSTOCU*ISM)CFII. 

RUN N0.4- 8 i ' r 9 '  GLTE CLOSED &2FT,OUTLET 
FLOW. 4436  CFS, NO FLOW IN PENSTOCK. 

Note: Circled Numbas l n d ~ a l a  
Piuomebr Locotlons. RUN NO. 5- a$r9' GATE-FULL OPEN,OUTLET 

FLOW = q 6 0 0  CFS, NO FLOW I N  P E N S W .  

SECTION A - A  SECTION 0- B 

FONTENELLE D A M  OUTLET  WORKS I 
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Penstock Outlet Discharge = 2,400 cfs 
Left Conduit Discharge = 6, 233 cfs 
Cgnter Conduit Closed 

4l"ailvrtater Elevation = 6402.8 

Penstock Outlet Discharge = 2,400 cfs 
Left Conduit Closed 
Center Conduit Discharge = 6,233 cfs 
Tailwater Elevation = 6402.8 

FONTENELLE DAM OUTLET WORKS 

1: 24.7 Model Studies 
Basin Operation Combined Flows 

Recommended Penstock Outlet 

Penstock Outlet Discharge = 2,400 cfs 
Center and Left Conduits Open 
Discharge = 12,467 cfs 
Tailwater Elevation = 6403.6 


