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DRAFT TUBE AND TAILRACE 
SEEDSKADEE PROJECT, WYOMING 

This study was made to define and investigate hydraulic problems 
which could a r i s e  while the Fontenelle Powerplant is used f o r  flow 
diversion and reservoir  control during rehabilitation of the r iver  
outlet works stilling basin. 

t tube flow passage 

concentrations and 



The recommended draft tube modifications were obtained through the 
combined efforts of the Structural and Architectural Branch, the Dams 
Branch, and the Hydraulic Machinery Branch, Division of Design; and 
the Hydraulics Branch, Division of Research. ;&e Division of Engi- 
neering Geology was helpful in supplying topography and bedrock con- 
ditions of the tailrace. Photography was by W.-'iJI. Eatts, M. P. Einert, 
and S. Rasrnussen. 

INTRODUCTION 

Fontenelle Dam is the principal feature of the Seedskadee Project 
located in the Upper Green River Basin about 50 miles northwest of 
Rock Springs, Wyoming, Figure 1. The project is intended to  provide 
irrigation water for  about 60,000 acres  along the Green River. 

The dam is an earth and gravel structure approximately 5,003 feet long 
at the cres t  and r i ses  about 127 feet above the riverbed. The principal 
hydraulic features a r e  the spillway, the r iver  outlet works, and the 
powerplant. The spillway is located in the right abutment of the dam. 
It is an uncontrolled, double side channel spillway with a cres t  length 
of about 300 feet designed for  a maximum discharge of 20,000 cfs. Flow 
from the spillway passes through a 400-foot-long diverging rectangular 
chute into a stilling '7asin. From the stilling basin, the flow passes 
through an excavated channel into the Green River. 

The r iver  outlet works, Figure 2, located near  the center of the embank- 
ment is designed fo r  a maximum discharge of 16,400 cfs and includes an 
intake structure, a triple-barreled upstream conduit with 11-foot-diameter 
water passages, a gate chamber, three 14-foot-diameter downstream con- 
duits, a chute stilling basin and an outlet channel to the Green River. 
Three 8-foot 6-inch by 11-foot 0-inch fixed-wheel gates a r e  situated in 
the gate chamber. Two 8-foot 6-inch by 11-foot 0-inch top seal  radial 
gates control releases from the gate chamber through the left and center 
barrels.  The right barre l  of the downstream conduit contains a 10-foot- 
diameter penstock which supplies both the powerplant and an 8-foot 6-inch 
square pressure gate at the upper end of the outlet works chute stilling 
basin. 

The powerplant also located near the center of the embankment, Figure 3, 
consists of one generating unit which is capable of developing about 
10.0 megawatts under a 110-foot head. Flow fo r  the powerplant passes 
through a length of 10-foot-diameter penstock, a surge tank, and into 
the spiral  case of the turbine. After discharging through the turbine, 
draft tube, and tailrace, the water passes through a short reach of 
trapezoidal channel into the Green River. 



The problems encountered at Fontenelle Dam began with a multiple 
drowning in the reservoir.  After an extensive search for  the victims 
proved unsuccessful, the possibility arose  that their  bodies might have 
become entangled in the r iver  outlet t rashrack structure. Therefore 
the riverlirutlets were  closed to permit an inspection of the trashracks 
by divers. This closing of the r iver  outlets resulted in a rapid decrease 
in the downstream r iver  elevation which in turn caused the saturated 
backfill near  the left end of the outlet works stilling basin to slide into 
the outlet works channel and stilling basin. When releases thri+gh the 
outlet works were resumed, this material churned in the stilling basin 
and severely abraded the concrete surfaces and exposed reinforcing 
bars.  

As soon a s  the extent of the damage was realized, a contract was let 
for  cleaning and repair  of the basin. Releases through the outlet works 
were again stopped and a cofferdam was constructed in the excavated 
channel downstream from the stilling basin. As unwatering of the basin 
began, a second backfill slide formed near-."the-right end of the basin and 
depositing more material within the stilling basin. 

As the cleaning process progressed, Figure 4, large upstream inflows 
filled the reservoir  to  within 2-112 feet of the maximum reservoir  ele- 
vation. At the peak flow, a s  much as 10,000 cfs were discharged over 
the spillway. This operation normally would not have caused concern; 
however, a large leak suddenly developed in the right dam abutment 
just to the left of the spillway. This leak was the result of water seep- 
ing through the bedrock underneath the earthfill and it caused consid- 
erable erosion of the downstream face of the dam. The erosion of the 
dam was s o  extensive that the safety of the structure appeared to be in 
jeopardy, Figure 5. 

To quickly lower the reservoir  elevation, releases were  bgain made 
through the partially cleaned r iver  outlet works. These releases flooded 
outJhe contractor's operations in the outlet works stilling basin and re-  
sulted in further abrasion of the already damaged concretq. 

At the present time the reservoir  i s  being kept at a low elevation by re-  
leases through the outlet works. The permeable bedrock under the 
right abutment has been sealed with a grout curtain and the downstream 
face of the dam has been repaired. However, before storage in the res-  
ervoir is resumed, the r iver  outlet works stilling basin must be unwa- 
tered, thoroughly cleaned, and al l  damaged s ~ ~ r f a c e s  repaired. 

,' 

During the period that the r iver  outlet works stilling basin is being r e -  
habilitated, required releases past the dam will be made through the 
powerplant. Studies on reservoir  filling, conducted by the Dams Braach, 
indicated that the maximum diversion flow through the powerplant could 
be a s  high a s  1, 700 cfs. 



not stopped through an ;nti&ely mechanical breakdown of the untested 
runriing parts, the turbine runner will be removed. The turbine shaft 
will be replaced with a 10-foot-long, 2-foot 8-inch outside-diameter 
air vent pipe. The bottom of the air vent and the bottom.oLthe wicket 
gates will be at  the same elevation, Figure 6. -5 

This study was made to provide information concerning flow conditions 
i n  the draft tube and tailrace a t  various discharges, reservoir  eleva- 
tions, and wicket gate openings when operating without the turbine run- 
ner. The information is needed to prevent damage t o  the powerplant 
tailrace and downstream channel during the diversion period. 

THE MODEL 

Since the model was originally intended for a basic research study 
concerning surges in draft tubes, a homologous representation of the 
flow passage from the penstock to the tailrace was not possible. The 
major deviations from the Fontenelle design were (1) the angle between 
the model penstock and the tailrace was 90°, whereas the prototype 
penstock and tailrace a r e  in line; (2) the model spiral case was rec- 
tangular i~ cross  section, whereas the prototype spiral case is cir- 
cular; however, the cross-sectional a r e a  in the model at  each spiral 
case station was to  scale; (3) for  s t r u c b r a l  reasons, the model 
wicket gates were thicker than those in the prototype. In an attempt 
t o  partially compensate for the decsea3ed flow a rea  at  a specific 
wicket gate opening, the height of'kne :,'low passage was increased 
from 32.98 'to 41.76 inches (prototype dimensions). 

. 



duced the tendencyfor erosion in the tailrace due-to the lower 
tailwater elevation. Discharges in t3e model were measured with an ' .  

orifice Venturi meter. The total upstream head on the spiral  case was 
determingkl by adding the computed velocity head t o  the measured pie- 

6-inch supply line. 

The floor:of the tailrace section was made from concrete and conformed 
with the bedrock a s  determined from profiles measured in the field. The 
prototype r iprap was simulated in  the model by 6.5-mm (millimeter) ' 

gravel placed over the concrete. The model gravel was graded uniformly 
between;:5.0 and 6 .5  mm, with only 10 percent finer than 5.0 m m ,  Fig- 
u r e  10.:' This gradation geometrically represented 4- to 5-inch r iprap in 

ation of the prototype r iprap is not 
s ize  ranged between 1-112 and 5 inches. 

I I specified, all dimensions in The Investigation" 
rototype dimensions. 

THE INVESTIGATION 

rvations of flow in the draft tube and tailrace revealed 
ow concentrations at the outlets of the draft tube which 
he tailrace riprap. Therefore,-+e-major portion of 
erned with various draft tub$%ioaifications to reduce 
ations. Means of protectirg the tailrace r iprap 
e also investigated. 

Flow Conditions in Unmodified Draft Tube 

The flow distribution at the end of the draft tube was influenced greatly' 
by the swirl angle and the Reynolds number of the inlet flow. In general, 
the flow became more concentrated a s  either the swirl angle o r  the 
Reynolds number was increased. F o r  these tests, the swirl angle was 
defined a s  the included angle between the axial and tangential velocity 
components of the inlet flow. Thus, the inlet swirl angle had a specific 

did not vary with discharge. The ax- 
ed equal to the average inlet velocity. 

component was computed from,the 

raft tube can be understood through con- 
s in anelbow. With2.no inlet swirl, the 
intotwo counterrotating spirals  of equal 

I I monly referred to a s  secondary flow 
w enters the elbow at a small swirl ' ' ,  

the same sense a s  the inlet swirl be- 



spiral  becomes weaker. F o r  large  swirl angles and sufficidntly high 
Reynolds numbers, the second o r  weaker spiral  may even disappear. 
Thus, the effect of intensifying one of the counterrotating spirals  
through inlet swirl  is to concentrate the high ;relocity flow in a rela-  
tively smal l  cross-sectional a r ea  of the elbow. These same consider- 
ations a r e  applicable t o  flow in a draft tube since a draft tube is essen- 
tially an elbow whose a rea  increases in the downstream direction. 

The dependence of the flow concentration on the swirl angle was con- 
firmed qualitatively i n  the model. With the wicket gates open 144 per- 
cent, displacement of the 4- to  5-inch rocks in the tailrace began with 
a discharge of 8 15 cfs. This gate opening corresponded to a swirl 
angle of 45O48'. About 5 percent of the flow discharged through the -.----. 
left flow passage of the draft tube; a tendency existed for flow in 
the upstream direction in the center flow passage; and the remain- 
ing flow left the draft tube through the right flow passage. 

With the wicket gates open 77 percent, 4- to  5-inch rocks in the tail- 
race began to be displaced with a discharge of about 710 cfs. This 
gate opening corresponded t o  an inlet swirl angle of 63O44'. Essen- 
tially all of the flow discharged through the right flow passage; a 
slight tendency existed, however, for  upstream flow in the center 
passage and for downstream flow in the left passage of the draft tubes. 

The 4- to 5-inch rocks in the tailrace began to be displaced with a 
discharge of 400 cfs when the wicket gates were open 19 percent. 
These conditions corresponded to  an inlet swirl  angle of 84-26'. All 
of the flow was concentrated in the right halfiof the right flow passage 
with upstream flow in both the center and left passages. The upstream 
flow can be attributed to the Venturi effect of the high velocities con- 
centrated in the. spi ra l  flow which discharged through the right passage. 

* s - 
, ' 

Movement of Riprap 

The model showed that the bottom velocity required to move the proto- 
type gravel was approximately 8 fps (feet per second). This value was , 
estimated from velocity distributions in the tailrace a s  measured with 
a total head probe. This erosive bottom velocity a s  determined from 
the model was higher than the 5- to 6-fps bottom velocity predicted by 
other investigations. I I Therefore, erosion in the prototype may begin 

, at lower discharges t%an indicated by this report. 

Operation at  discharges la rger  than that required to displace the fip- 
rap resulted in extensive removal of r iprap from the tailrace. This 
erosion occurred in the vicinity of the right training wall footing and 
was centered around Station e+30 (Figure 3). Due to  excessive joint- 
ing in the bedrock and thes r isk  of undermining the right training wall, 

-b 

l /Peterka,  A. J., Hydraulic Design of Stilling Basins and Energy - 
Dissipators, U. S. Bureau of Reclamation, Engineering Monograph 
No. 25, Figure 165. 



Effect of Paving the Tailrace with.20-ton Slabs 

prepared to:test the capacity of the powerplatit crane and were  available 

>,\ 

Effect of Tri-vane Flow Splitter in Draft Tube Cone 

Experience has  shown that flow spli t ters  in draft tube cones have been 
effective in attenuating draft tube surges. Pa r t  of this is undoubtedly 
due to the decrease in the magnitude of the swirl before theflow enters  
the elbow of the draft tube. By decreasing the inlet swirl, extreme flow 
concentrations at  the draft tube exit a r e  reduced. . F o r  this reason, a 

, ,  

se r ies  of t es t s  were conducted to determine the effectiveness of flow 
splitters in reducing the flow concentrations. This approach seemed 

Two separate flow splitters, each consisting of three straight vanes 
separated by 120°, &were tested in the cone of the draft tube. One flow 
splitter was 2-112 $eet long and the other was 5 feet long. Each flow 
splitter could be varied in orientation and height within the draft tube 
cone. The effectiveness of the spli t ters  in reducing the flow concen- 
trations in the draft tube was evaluated by observing the inception of 

horizontal axis of the draft tube. 



nificant effect on the flow distribution. However, the orientation was 
found to be decisive in establishing flow patterns withimthe draft tube. 
The effect of orientation on the flow -conditions in the draft tube can be 
illustrated with the following example: With the wicket gates<.open. 
19 percent and one leg of the 2-112-foot-long flow splitter oriented 
upstream with respect to flow in the tailrace, a strong upstream flow 
existed in the left and center flow passages and a strongdownstream 

i' flow was present in the right passage. Bf rotating the splitter to its 
ientation, with one leg of the flow splitter at  right angles 
e tailrace and pointing to the left side of the draft tube, 
flow existed in both the left and right flow paLCsages. How- 

ever, the flow out the left passage was rather weak anti s o m e  upstream 
flow s tg l  persisted along the floor of the passage. Strong upstread- 
flow was present in the center passage. 

Changing the overall elevation of the splitter also had a pronounced 
effect on the flow concentrations. With the splitter in its optimum 
orientation, raising the splitter improved the flow distribution, 
whereas lowering the splitter increased the flow ~oncentrations. 

The improved flow distribution in the draft tube and the increased loss 
across the flow splitter tended to r a i s e the  free surface,of the flow 
within the draft tube. With either splitter, and for all gate openings, 
the water surface was in the vicinity of the top of the vanes. The ex- 
treme roughness of the water surface in the vortex and the spray at 
the top,>of the vanes increased the possibility of sealing the a i r  vent 
pipe when the flow splitters were placed high in the draft tube cone. 
Although no adverse operating conditions were noted in the model 
with the highest placement of the flow splitters, undesirable operat- 
ing conditions might exist at  smaller  gate openings than could be 
tested in the present model. 21 

Effect of Baffle Walls in Draft Tube 

Consideration was given to the possibility of forcing a redistribution 
- 

. of the f l sw i n  the draft tube through the placement of baffle walls in 
theClareas of maximum'flow concentration., Although this approach did 

ot attack the problem at  its source, it was felt that this means could 
educe some of the adverse tendenci.es for  erosion of the tailrace. 
ince the flow was concentrated on the right side of the tailrace, baffles 

9 
urging conditions in the a i r  vent pipe with small gate open- 
icated in a letter to the Chief Engineer from Mitsubishi 
Corporation dated April 6, 1966. Their. recommendation 

to extend the air her  than the head cover on the turbine. 
Japanese tests  w med without f l  



were placed in the right and center flow passages of the draft tube 
upstream from the draft tube gate slot blockout, Figure 12. This 
placement allows the draft tube gates t o  be closed and requires a 
minimum of unwatering during installation of the baffles in the 
prototype. 

The baffles in the model were adjustable both in overall height and-in 
distance from the draft tube invert. With the baffles placed on the 
draft tube floor, r iprap was drawn from the tailrace and deposited 
against the downstream face of the baffles. Since this r iprap move- 
ment would tend to scour the draft tube and its agglomeration would 
prevent the draft tube gates from being closed, this configuration was 
rejected. 

The baffles were tested in successively higher positions above the 
draft tube invert until the flow under the baffles was sufficient to pre- 
vent upstream movement of the riprap. The optimum distance between 
the draft tube invert and the bottom of the baffles was about 9 inches. 
A higher position of the baffle resulted in large flow velocities under 
the baffle which eroded the tailrace. 

With the wicket gates open 144 percent and a 2-foot 6-inch high baffle 
placed 9 inches above the draft tube floor, the tailrace riprap started 
to move with a discharge of 1, 530 cfs. At a 77 percent gate opening. 
the riprap began eroding at 950 cfs. No riprap movement was observed 
for the 19 percent gate opening for discharges up to 520 cfs. F o r  each 
of these gate openings, the flow appeared to  be concentrated in the right 
flow passage with some flow out the left flow passage. A tendency for 
the deposition of r iprap at  the entrance of the center flow passage was 
noted. 

Effect of Tri-vane Flow Splitter and Baffle Walls in Draft Tube 
.;=.;=.<< 

Neither the tri-vane flow splitter nor the baffle walls could indi.vidually 
reduce the draft 'mbe flow concentrations sufficiently to pass 1,700 cfs 
without erosion of the tailrace. Therefore, tests  were condwted with 
both the flow splitters and baffle walls installed, Figure 12. F o r  these 
tests, a tri-vane flow splitter 3 feet 6 -inches long was employed. Physi- 

. .cal limitations in the prototype precluded the use  of a longer flow splitter. 
The top of the flow spli t terwas placed. approximately 3 feet 4 inches 
below the center1ine:of the~~]istrlbutor. Attachment problems in the 
field prevented a higher placement of the splitter vanes within the draft 

e cone. The baffle walls .were placed l'foot 9 inches upstream from 
gate slot block&ts in the right and center draft tube flow passages. 

e.bottoms of the baffle walls were 9 inches above the invert of the , . 
draft tube, and the wall height was 2 feet 6 inches. 

s e  appurtenances, n ment of riprap in the tailrace was 
ed until the flow e 975 cfs with the 144 percent gate 



To obtain a satisfactory distribution of flow with the baffle walls in the 
draft tube, the splitter vane orientation had to  be changed from its pre- 
vious optimum orientation. The new optimum orientation was with one 
vane placed at an angle of 7-112" counterclockwise from the upstream 
direction, as seen from above. F o r  this orientation there was no re -  
turn flow into the left flow passage. With other orientations, some re -  
turn flow on the floor of the left flow passage was observed. 

Forces on Baffle Walls 

Measurements of the instantaneous pressures on the baffle walls were 
performed to  determine the loadings for which the walls must be designed. 
The tests were conducted with a 3-foot 6-inch long tri-vane flow splitter 
in the draft tube cone rotated to its optimum orientation. The baffle walls 
were 2 feet 6 inches high, extended across the width of the right and cen- 
t e r  draft tube flow passages, and were placed 9 inches above the draft 
tube floor. Preliminary tests were made with a piezometer located in 
both the upstream and downstream faces of a sheet metal baffle wall. To 
investigate the effect of a thicker wall, tests  were made with a total of 
13 piezometers distributed over all the flow surfaces of a 10-inch-thick 
wooden baffle wall. The more comprehensive measurements were made 
on the right baffle wall only, since this wall had the largest indicated 
pressure differential. The measured pressure differential across the 
sheet metal wall was approximately the same a s  that across the wooden 
wall. 

'-=,l 

A pressure concentration was noted near the center of the wooden wall 
in the horizontal plane and near the bottom of the wooden wall in the 
vertical plane, Figure 13. The total force on the wall was found to vary 
with both discharge and gate opening. Values of the vertical and hori- 
zontal pressure differentials across the wall for any gate opening and 
discharge can be obtained from the equation: 

AP - the differential pressure on the wall (horizontal where - - 
for  either wall o r  vertical for  the thicker wall), 
in feet 

K = pressure factor from Figure 14 . 



where Y = the specific weight of water 

A = the projected a rea  in the direction for which 
the force is being computed 

The values of K in Figure 14 a r e  from the maximum pressure differ- 
entials obtained from an averaging circuit in the recording equipment. 
The instantaneous pressures exceed these average values by about 30 
to 40 percent, Figure 15. The magnitude of the instantaneous pres- 
sures was probably attenuated for frequencies higher than 10 Hz in the 
model due to damping in the lines connecting the tap in the baffle wall 
with the pressure cell. These lines consisted of about 1 foot of 1116- 
inch-inside-diameter brass tubing connected to about 3 feet of 114-inch 
Tygon tubing. Data a r e  not presently available to estimate the amount 
of attenuation which occurs with this lead length configuration. 

The application of Equations 1 and 2 is illustrated in the following 
example: 

Given: Wicket gate opening = 100 percent 
Reservoir elevation = 6485 

Determine: The total horizontal force acting on a baffle wall 

Solution: The discharge for the given conditions as  determined 
from Figure 17 is 1,730 cfs. From Figure 14, a 
K value of 7.5 is obtained. Substitution of the dis- 
charge and K values into Equation 1 gives a pressure 
differential across the wall of 22.45 feet of water. 
This differential when substituted into Equation 2 
results in a total force of 31, 515 pounds on a baffle 
wall whose area  is 22. 5 square feet. Increasing 
this force by 40 percent would give the maximum 
horizontal force for  which the wall should be de- 
signed. This value i s  44, 120 pounds o r  1, 960 psf 
(pounds per sqyare foot). 

Discharge Coefficients and Ratlng Curve 

To assist the designers and the project personnel in estimating releases 
through the unit with the turbine runner removed, rating curves for the 
unit were derived from discharge coefficients measured in the model. 



A = area  of wicket gate opening, in feet (Figure 8) 

H = V2/2g + P/Y = total energy at centerline of the 
a 

distributor, in feet 

The characteriztic head, H, is defined a s  the total energy at the center- 
line of the distributor rather than a s  a differential head because the 
large quantities of a i r  entering the vent maintain near atmospheric 
pressure on the downstream side of the wicket gates. Thus, for  the 
unit operating without a runner, the tailwater elevation has no effect 
on the discharge through the unit. This premise was substantiated by 
tests  with the wicket gates open 144 percent and a discharge of 1,510 cfs. 
A tailwater vgriation from elevation 6393 to  elevation 6409 resulted in 
a 1 percent decrease in the discharge coefficient. This change in dis- 
charge coefficient is within the limits of experimental e r r o r  and can 
therefore be disregarded. 

The rating curves, Figure 17, were developed from the discharge coef- 
ficient curve in Figure 16. Since the discharge coefficient is based on 
the total energy at the entrance of the distribuior, the energy loss  be- 
tween the distributor intake and the reservoir was added to the head at 
the distributor to  obtain the reservoir  elevation. Fo r  these computa- 
tions, the energy loss was assumed equal to  one velocity head in the 
10-foot-diameter penstock. 

The accuracy of these rating curves is questionable because of the devi- 
ations noted between the model and the prototype structure and because 

, of the limited number of possible wicket gate positions. They can be 
used, however, for  estimating releases through the unit. 

Summary of Tailrace Riprap Erosion Tests 



Unmodified draft tube 400 710 8 15 
2-112-foottri-vane flow splitter .L - 770 : 820 

.L 5-foot tri-vane flow splitter -P 1,080 1,225 
2-1 12-foot baffles .L .,. 950 1, 530 
2-112-foot baffles plus 3-112-foot 

tri-vane flow splitter * * - 1,975 

- 
*No erosion occurred fo r  reservoir  elevations up to 6470. 

Recommended Modifications 

To insure that discharges up to 1,700 cfs can be diverted without erod- 
ing the tailrace channel, the combined use of baffle walls and a tri-vane .. 
flow splitter i s  recomrncnded. The'baffles should be 2 feet 6 inches 
high and installed 9 inches above the floor in the right and center draft 
tube flow passages. In addition, they should be placed 1 foot 9 inches' 
upstream from the draft tube gate slots. The flow splitter should be 
3 feet 6 inches long and installed with its top about 3 feet 4 inches beio 
the centerline of the distributor. It should be oriented with one vane 
rotated 7-1/20 counterclockwise frox$ pointing upstream a s  viewed from 

!I 
,) 

,.i 

The erosion tendencies for  various gate openings withathe recommended 
baffles and flow splitter is shown in Figure 17. 

- 
,\,' 
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Removal of remaining pervious backfill on west side 
of r iver  outlet works stilling basin - August 20.  11165. 







1. 
View of unmodified model from downstream. 

Figure 7 
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View or unmodified model from downstream. 
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FONTENE~LE DRAFT TUBE STUDY 
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FIGURE 16 

R I E P O R T  HYD-571  

Q=Total discharge through dra f t ,  tube, in cubic 
feet per  second. 
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FONTENELLE DRAFT TUBE STUDY 
' RATING CURVES .J 

POWERPLANT DIVERSION FLOW 
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QUANTPPIES AND UNITS OF SPACE 

Mdtiply BY TO ob& 

LENGTH 

. . . . . . . . . . . .  . . . . . . .  Mil. 25.4 (exactly). Mlcron . . . . . . .  . . . . . . . . . . .  Inches 25.4 (exactly). Mllllmeters . . . . . .  . . . . . . . . . . .  2.54 (exactly)*. Centimeters . . . . . . .  . . . . . . . . . . . .  Feet 30.48 (exactly) Centimeters . . . . . . . . . . . .  0.3048 (exactly)*. . . . . .  Ueters . . . .  . . . . . . . . . . .  O.MXWOIIB (exactly)* gilometers 
yardsards . . . . . . . . . . .  0.9144 (exactl ) Meters 
Miles (ststute). . . . . . . .  1,808.344 (-tlyf* : : : : : : Meters . . . . .  . . . . . . . . . . . .  1.608344 (e-tlv) Kilometers 
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m A C T  Anslwm 

studies of t b  d r a k  tube a t  Fontenalle ~ovekplaot show IIydreulie madel studies of the draft tube a t  mntannlie Pmcrplant shov 
t b e t  erosive flov concentrations can be reduced through the w a  of either cw c ~ c e n t r n t i o n a c a n  be reduced throu(m the we of ei ther  

~ p l i t t e r  i n  the draft tube thrcat  or baffle vnlla i n  the a tri-vane flov s p l i t t e r  in  the draft tube throet or baffle v&a i n  the 
pasasg~a when thi unit 1. operated without a turbine draf t  t i b e  now passages when tbe unit is omrated without a turbine 

$pwtenaness a re  needed t o  allw diversion of 1700 c i s  runner. Both appurtenancee are needed to a l l w  diversion of 1700 cia 
ntenelle Pouarplmt during rehnbilitation of thc river out- throuepl the Fontanelle Pwerplant during rehabilitation of the rim out- 

i l l i n g  baain. 3 % ~  effect  of flow s p l i t t e r  1bngt.h orientation let worka s t i l l i n g  &in. The effect  OX nm s p l i t t e r  length orientation 
and vert ical  poaition i n  reducing flw coneantrstions is indicated. Bafne 
dlmnsiona a M  distancea above draft tube invert, M well as forces on t lm 
baffles are given. Rovisionnl rat ing curves for  the Fontanelle Powerplant 
are devclopd. 

m A m  

e l  %tudies 6f the d ra f t  tube a t  Fontenellc Paverplant show Aydraulic model studies of the draft tube st Footenclle Fwerplnnt abow 
t h s t  erosiie flaw ooncentrations can ha reduced through the use of e i ther  
a tri-vane flow r p l i t t e r  in the draft  tube throst  or baff le  w a l l 8  i n  the 
d ra f t  tube flow passages when the uni t  l a  opmated without a turbine 
runner. Both appurtensncee are needed t o  allow divoraion of 1700 c i s  
through the Fontanelle Paverplant during rebabilitatioll  of thc r iver  out- 
l e t  work~ s t i l l i n g  baain. Iha effect  of flow ap l i t t e r  length orlentation 

foncentrationa i s  indicated. Baffle and verticnl position in  reducing flow concentrations i s  indicatad. Baffle 
dimneions and distsncen above draft tube invert, as well M forces on the 
bafrlee are ~ i v e n .  Provisional rat ing curves for the Fontcwlle P a i e r p l ~ t  
are develomd. 




