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AESTRACT

Hydraulic model studies of the draft tube at Fontenelle Powerplant show ‘
that erosive flow concentrations can be reduced through the use of either
a tri-vane flow splitt.er Ain the draft tube throat or bafflr- walls ‘in the
draft tube flow passages when the unit-‘is operated without a turbine
runner. Both appur’enances are needed to allow diversion of 1700 cfs .
through the Fontene]l.le Poverplant during rehabilitation of the river out-
let works stilling basin. The effect of flow splitter length orientation
and vertical position in reducing flow concenmtrations is indicated. ‘Baffle
_ - dimensions and distances above draft tube invert, as well as forces on the
o baffles are given, Provisional rating curves for the Fontenelle Powerplant
- are developed. ; ,

DESCRIPTORS-~- *draft tubes/ *guide vanes/ #hydraulic models/ #velocity
distribution/ *vbaffles/ discharge coefficients/ model tests/ turbine
runners/ ‘rehabilitaticn/ Btilling basins/ erosion/ repairing/ diveraion/
research and -levelopment .
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HYDRAULIC MODEL STUDIES OF AFONTENELLE POWERPLANT |
.DRAFT TUBE AND TAILRACE. '
‘SEEDSKADEE PROJECT, WYOMING -

'PURPOSE
ThlS study was made to defme ‘and investigate hydrauhc problems
. which could arise while the Fontenelle Powerplant is used for flow .

- diversion and reservoir control durmg rehab1l1tat1on of the river
. outlet works st1ll1ng basm

CONC LUSIONS

1. Placement of 20-ton concrete slabs over the ta11race riprap w1ll
.. not be efiective in preventmg erosion at a d1scharge of 1, 700 cfs (cub1c
feet per second} \ . S

24 The leugth -yertical pos1t1on in: the draft tube throat and or1enta-
“tion of tri-vane flow splitters were important parameters in reducing
-~ flow concentratlons in the draft tube. However, flow splitters alone
w111 not prevent erosmn of the ta1lrace at the maxunum discharge. of :

' 3 Baffle walls placed in the: r1ght and center drat‘t tube flow passages o

‘ ,,-:7"w111 be-partially effective.in reducing flow -concentrations. However, *
- ‘the baffles alone wﬂl not prevent erosion of the tailrace with the max-

~imum. discharge of '1,700.cfs.  To prevent. riprdp from being drawn
. upstream into, the: draft tube, .the bottom of the bafﬂes must be placed

9 1nches above the dra.t't tube floor

__-4 W1th the w1cket gates open 100 percent ﬂow sphtters combmed
" .with baffle walls will’ s1gn1:l:'1cantly reduce flow concentrations and -

S i.prevent erosion of:: the tailrace r1prap up to a dlscharge of 1 700 cfs kﬁ o

' -l_or a. reservo1r elevatmn of 6483.

R The curves 1n F1gure 13 ‘are to be used 1n computmg hydrodyna:rnc
"_i_;";_forces on: the bafﬂes L L T e .

’ .

R Prowsmnal ratmg curves;. »F1gure 17 ~were obtamed to ass1st in
S estn:natmg releases through the un1t . . o




ACKNOWLEDGMENT

The recommended draft tube modlhcatlons were obtained through the
combined efforts of the Structural and Archiiectural Branch, the Dams
Branch, ~and the Hydraulic Machinery Branch, Division of Design; and
the Hydrauhcs Branch, Division of Research. The Division of Engi-
neering Geology was. helpful in supplying topogr.aphy and bedrock con- . .
‘ditions of the tailrace. Photography was by W.:M. Batts, M. P. Einert,
and S. Rasmussen. : . ' '

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
1rr1gat10n water for about 60, 000 acres along the Green River,

The dam is an earth and gravel strugture approximately 5, 000 feet long
at the crest and rises about 127 feet above the riverbed. The principal
hydraulic features are the spillway, the river 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 crest 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-hasin. From the stilling basin, the flow passes

_ through an: excavated channel into the Green River. :

The river outlet works, F1gure 2_, located near the center of the embank-
ment is designed for a maximum discharge of 16, 400 cfs and includes an
intake structure, a triple-barreled upstream condult with 11-foot-diameter
water passages, a gateé chamber,  three 14-foot- dlameter 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 are situated in
the gate chamber, Two 8-foot 6-inch by 11-foot O-inch top seal radial
‘gates control releases from the gate chamber through the left and center.
- harrels. The right barrel 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 st1111ng
' basm S :

‘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 for 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
‘trapezoldal channel mto the Green Rwer




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 river outlet trashrack structure. Therefore
the river: uutlets were closed to permit an inspection of the trashracks
by divers. > This closing of the river outlets resulted in a rapid decrease
in the downstream river 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 through the
outlet works were resumed, this material churned in the stilling basin
and severely-abraded: the concrete surfaces and exposed re1nforc1ng
bars.

As soon as 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‘thé tight 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 2-1/2 feet of the maximum reservoir ele-
vation. At the peak flow, as 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 so extensive that the safety of the structure appeared to be in
jeopardy, Flgure 5, |

H]

-To qulckly lower the reservoir elevation, releases were %gain made -
through the part1a11y cleaned river outlet works. These releases flooded:
“out_the-contractor's operations-in the outlet works stilling basin and ré-
sulted in further abrasmn of the already damaged concrete,

At the" present time the reservoir is 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 repalred However, before storage in.the res~
ervoir is resumed, the river outlet works stilling basin must be unwa-
tered, thoroughly cleaned, and all damaged surfaces repalred )

During the period that the river outlet -works stilling basin is being re-
habilitated, required releases past the dam will be made through the

, powerplant Studies on reservoir filling, conductéd by the Dams Braach,
indicated that the maximum d1versmn flow through the powerplant could
-be as high as 1, 700 cfs._ ; :




“To prov1de as much capac1ty as possible and to insure that the flow is
‘not stopped through an untimely mechanical breakdown of the untested
_-runmng parts,” the turbine runner will be removed. . The turbine shaft .
-will be replaced with a 10-foot- -long, 2-foot. §-inch outs1de diameter
air vent pipe. The bottom of the air vent and the bottom ohthe mcket-
.Jgates will be at the same elevation, Figure 6. o

" This study was made to_prov1de' mformatmn concerning flow conditions
in the draft tube and tailrace:at various-discharges, reservoir eleva-. -
tions, and wicket gate openings when-operating without the turbine run-
ner. The information is nzeded to prevent damage to the powerplant "
tailrace and downstream channel during the diversion period. -

THE MODEL

The model, built to a geometric -scale of 1:20 included an idealized
spiral case, guide vanes, wicket gates, the air vent pipe, the draft
tube, the ta11race and a portion of the downstream r1ver channel
Flgure 1. T

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 are in line; (2) the model spiral case was rec-
tangular in.cross section, whereas the prototype spiral case is cir-
cular; however, the cross-sectional area in the model at each spiral
.case station was to scale; (3) for struccural reasons, the model ‘
wicket gates were thicker than those: in the prototype. In an attempt
‘to partially. compensate for the deerea-,ed flow area at a specific

- wicket gate opening, the height of the ‘low passage was increased :

_ from 32, 98 'to 41 76 inches (prototype dlmensmns)

_ The model w1cket gates were adsustable to the extent that tﬁev could
be set in three separate p031t10ns correspondmg approxn'nately to 19,

77, and 144. percent openings based on the open area of the prototype.

'.gates, Flgure 8. Although the area of the gate: opening in the model
orresponded to the prototype. open area for a given percent.opening,

. the width and angle of gate opening were rot. accurately represented

- .because of the dev1at10ns 11sted in. the precedmg paragraph ‘

o Tallwater elevatlons in the. model were: adJusted over.a w1de range
with-an adjustable’ tallgate located:at the downstream end of the model.

‘The tailwater elevation was measured.on a staff gage. located.near the

S center of the channel about 1 foot upstream- from the tailgate. This

- “location: correSponded to-a station 100 feet downstream from the end
 of the draft tube. -For a given: dlscharge ‘the tailwater depth in the -




model was adJusted to correspond approxunately w1th Curve B of the

‘Tailwater; Ratmg Curve, Figure 9, Curve B was .used since .it pro-
duced the greatest tendency for erosion in the tailrace dueto the lower
tailwater elevation. Dlscharges in the model were measured with an~  °

orifice Venturi meter. - The total upstream head on the spiral case was
determmed by adding the: computed velocity head to the measured p1e-

_zometrlc head at a station'in the 6-inch supply line. ’

" The floor: of the tallrace sectlon was made from concrete and conformed
with the hedrock as determined from profiles measured in the field. : The
prototype riprap was simulated in the model by 6. 5-mm (millimeter)
gravel placed over the concrete, The model gravel was graded un1form1y
'between 9.0 and 6,5 mm, with only 10 percent finer than 5.0 mm;: Fig-

~ure 10,7 This gradatlon geometrically represented 4- to 5-inch riprap in
the prototype Although the gradatlon of the prototype riprap is not"

'known,, fleld reports 1nd1cate the size ranged between 1-1/2 and 5 inches.

Unless otherw1se spec1f1ed all dlmensmns gwen in The Invest1gat1on
sectlon refer to prototype dlmensmns

5".4
P THE INVESTIGATION -
Prellmmary observations of flow in the draft tube: and tallrace revealed
the presence of:flow concentrations at the outlets of the draft tube which
-led‘to erosion of the tailrace r1prap - Therefore, the major portion of
the study was concerned with various draft tubf modifications to reduce.
these flow concentrations, Means of protect1rg the tailrace riprap
] agamst erosmn were also 1nvest1gated

‘Flow Cond1t1ons in Unrnod1f1ed Draft Tube

The flow' dlstrlbutlon .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 concentirated as either the swirl angle or the’
'Reynolds number was increased. For these tests, the swirl angle was
‘defined as the included angle between the axial and tangential velocity .

' components of the.inlet flow. 'Thus, the inlet swirl angle had a. specific
“.value for each gate opening which did not vary with discharge. = The ax-

- “ial velocity component was assumed equal to the average inlet velocity,

QJ/A, and. the tangentlal velocity component was cornputed from. the
'W1cket gate Openmg and angle : :

; centratlon in the draft tube can be understood through con-
rs.tderatl_o ‘of the, flow conditions in an elbow. With'no inlet swirl, the
flow in-tie, elbow.tends to form into two counterrotatmg spirals of equal

- strength’ Thls tendency is commonly referred to as ''secondary flow .
Jin an elbow.”' . When the inlét fiow enters the elbow.at a small.swirl
T _angle -the splral that . rotates in'the same sense as the.inlet swirl be-~
S _-comes stronger or more; 1ntense. Slmultaneously the counterrotatmg

‘\;
E .




spiral becomes weaker. For large swirl angles and sufficiently high

" Reynolds numbers, the second or weaker spiral may even disappear.

‘Thus, the effect of mtens:fymg one of the counterrotating sp1rals

through inlet swirl is to concentrate the high velocity flow in a rela-

tively small cross-sectional area of the elbow. These same consider-

ations are apphcable to flow in a draft tube since a draft tube is essen-
tlally an- elbow whose area increases in the downstrearn direction.

The "dependence of the flow concentration on the swirl angle was con-
firmed qualitatively in 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 815 cfs. This gate opening corresponded to a swirl
angle of 45°48', 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 to an inlet swirl angle of 63°44'. 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 5-1nch-roc_ks in the tailrace began to be d1sp1aced-w1th 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 haif.of the right flow passage’

with upstream flow in both the center and left ‘passages. The upstiream
flow can be attributed to the Venturi effect of ‘the high velocities con-
centrated in the. splral flow wh1ch dlscharged through the r1ght passage

Move ment of Riprap

The model showed that the bottorn 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 as measured with
- a total head probe. This erosive bottom veloc1ty as determined from

‘the model was higher than the 5- to 6~ fps bottom velocity predicted by

: other investigations. 1/ Therefore, erosion in the prototype may begin
i at lower discharges than indicated by this report

"'Operatlon at dlscharges larger than that requlred to displace the rip-
rap resulted in extensive removal of riprap from the tailrace. This

- erosion occurred in the vicinity of the right training wall footlng and
was centered around Station e+30 (Figure 3). Due to excessive joint-.
~:Lng 1n the bedrock and the risk of. undermmmg the- r1ght tra1n1ng wall,

_ 1/Peterka A Jas: Hydrauhc De31gn of St1111ng Basms ‘and Energyr
- :Dissipators, U.S. -Bureau .of Reclamatmn Englneenng Monograph
. No. 25 F1gure 165 .
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| ‘operatlon at o*scharges larger than ‘thOSe requ1red to d1sp1ace the r1p— -
rapis not recommended : :

-Effect of Paving the Ta11race with.20 ton Slabs

~ Because flow concentratlons in the draft tube: caused local movement of
the tailrace riprap, consideration was given to‘'some means of protect-
ing the riprap against erosion. . One.scheme was to cover critical areas -
of the tailrace riprap with five 20 -ton concrete slabs which:had been |

- prepared to:test the capacity of the powerplant crane and: were available
at the site. "Several patterns of placement were tested in an effort to”
provide the greatest potential for protection. ‘However, the tests show .
that for any placement, the slabs were displaced as much as 10 feet -~
from-their original positions in the tailrace with the gates open 144 per-
cent and a discharge of 1,700 cfs. This ‘displacement was accompanied
by excessive erosion of the underlying riprap. Therefore, attempts to '
‘place a.protective cover. over the tailrace riprap were abandoned

j‘\

~ Effect of Tri-vane Flow Sp11tter in Draft Tube Cone

Experience has shown that flow splitters in draft tube cones have been
effective in attenuating draft tube surges. Part of this is undoubtedly

- due to the decrease in the magnitude of the swirl before the ‘flow enters
the elbow of the draft tube. By decreasing the inlet swirl, extreme flow
concentrations at the draft tube exit are reduced.  For this reason, a
series of tests were conducted to determine the effect1veness of flow
splitters in- reducmg the flow concentrations. This approach seemed
des1rable sinice 1t attacked the problem at its source.

Two separate flow splltters ‘each con31st1ng of three stralght vanes -
separated by 120°, swere tested in the cone of the draft tube.” One flow

. splitter was 2- 1/2 feet long-and the other was 5 feet long. Each flow

splitter could be vatried in orientation and height within the draft tube

. cone., The effectiveness of the splitters in reducing the flow concen-

. trations in the draft tube was: evaluated by observing the 1ncept10n of
o gravel movement in the ta11race Flgure 11,

" In general the effectlveness of the flow splltter was dependent upon e
“the area, the. orientation, and.vertical p051t1on of the flow splitter within - -
‘the draft tube cone, The greatest reduction;in the flow concentration was-

obtained with’ the 5-foot-long flow splitter placed so that the top of the
splitter was even with the bottom of the wicket gates.. The position: rep-
resented the highest possible placement of the splitter -because the air
".vent pipe extended down to the bottom of the wicket gates. The optimum
. orientation was: with one vane pointing to the left at rlght angles to the
'_horlzontal axis of the draft tube. :
:‘fStud1es of . ﬂow splltters in-various or1entat10ns y1elded unexpected re- .
- sults. 'Preliminary tests with tgle spiral-case indicated -a-very‘uniform .- : -

oo i Com




distribution cf velocity in the draft tube cone. Therefore, one might
expect that the orientation of the’splitter vanes would have an insig-
‘nificant effect on the flow distribution. However, the orientation was
found to be decisive in establishing flow patterns within:the 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- 1/2-foot-long flow splitter oriented _
> upstrearn with respect to flow in the tailrace, 'a strong upstream flow
existed in the left and center flow passages and a strong downstream -~
flow was present in the right passage. - By rotating the splitter to its
optimum orientation, with one leg of the flow splitter at right angles -
. to flow in the tailrace and pointing to the left side of the drai't tube,

" downstream flow existed in both the left and right flow paisages. How-
ever, the flow out the left passage was rather weak and some upstream
- flow st111 persmted alcng the floor of the passage Strong upstream
flow was. present in the center passage. L

Changmg 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 sphtter increased the flow ﬂoncentratlons

The improved flow d1str1but10n in the draft tube and the increased loss
across the flow splitter tended to raise 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 air 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 Opemngs than could be

. tested in the present model. 2/

' Eft'ect of Baffle Walls in Draft Tube"

':Consuieratmn was glven to the po.551b111ty of forcmg a redlstrlbutxon

of the ﬂow in the draft tube through the placement of baffle walls in

. the;areas of maximum flow concentration., Although this approach did
‘'not attack the problem at its source, it was felt that this means could
:reduce some of the adverse tendencies for erosion of the tailrace, :
¢ Bince the’ flow was concentrated on the rlght side of the tailrace, baffles,

@

2[ Spray and surging condltlons in the air vent pipe with small gate open-—

ings were‘indicated in a letter to the Chief Engineer from Mitsubishi

International Corporatmn dated April 6, 1966. Their recommendation

‘was -to extend the air vent pipe higher than the head cover on the turbine. -

The Japanese tests were performed without flow splitters. '




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 to 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, riprap was drawn from the tailrace and"depcsited
against the downstream face of the baffles. Since this riprap 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 tailrzace.

With the wicket gates open 144 percent and a 2-foot 6-inch high baffle
placed @ 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. For 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 riprap at the entrance of the center flow passage was
noted.

_ Effect of Tri-vane Flow Sjlltr.er and Baffle Walls in Drait ’I‘ube

. Neither the tri-vane flow spl1tter nor the baffle walls could 1nd1v1dua11y
" reduce the draft tube flow concentrations sufficiently to pass 1, 700 cfs
. without erosion of the tailrace. Therefore, tests were conducted with
both the flow splitters and baffle walls installed, Figure 12, For 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 splitter was placed. approximately 3 feet 4 inches
below the centerlme of thel J1str1butor Attachment problems in the
“field prevented a higher placement of the splitter vanes within the draft
tube cone. The baffle walls.were. placed 1 foot 9 inches upstream from

~ the gate glot blockduts in the right and center draft tube flow passages.

. The.bottoms of the baffle walls were 9 inches above the invert of the

. draft tube and the wall he1ght was 2 feet 6 inches.

"*.‘.,':-;W1th these appurtenances no ‘movement of riprap in the: tallrace was
: ”sjobserved unt1l the. ﬂow exceeded 1,975 cfs with the 144 percent gate




openi.ng. Above 1, 975 cfs, a tendency for erosion existed near the
downsiream end of the left tailrace wall. Erosion at this location would
-not present a severe hazard even if the wall were undermined.. There
was no tendency for depos1t10n of riprap at the end of the center flow
passage for any gate opening.

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- 1/2° counterclockwise from the upstream
direction, as seen from above. For 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-
ter 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 haffle 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 approx1mate1y the same as that across the wooden

- wall :

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 openmg and
discharge can be obtained from the equatmn-

AP

-ke?x106

where AP _ the d1fferent1al pressure on the wa.ll (horlzontal |

Y for either: wall or vertlcal for the th1cker wall),
S in feet

K =‘pI_'ESSure factor from Figufe 14

@ = total discharge through the draft tube, in cfs




The total differential force on the wall is computed from the equation:

=~, AP ' 2
F=71. £ A | (2}

the specific weight of water

A = the projected area in the direction for which
the force is being computed '

The values of K in Figure 14 are 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 1/16-
inch-inside-diameter brass tubing connected to-about 3 feet of 1/4-inch
Tygon tubing, Data are 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

i

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 is 44, 120 pounds or 1, 960 psf
‘(pounds per square foot}. ' '

Discharge Coefficients and Ra‘ung 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.




The discharge coefficients, Figure 16, are defined by
| Q = CAVI
where @ = discharge, in cfs '
C = discharge coefficient
A = area of wicket gate opening, in feet (Figure 8)

H = V2/2g + P/y = total energy at centerline of the
distributor, . in feet

The characteriztic head, H, is defined as the total energy at the center-
line of the distributor rather than as a differential head because the -
large quantities of air 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 variation from elevation 6393 to elevation 6409 resulied in

a 1 percent decrease in the discharge coefficient, This change in dis-
charge coefficient is within the 11m11:s of experimental error and can
therefore be d1sregarded :

The ratmg 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. For these computa-
tions, the energy loss was assumed equal to one velocity head in the

10- foot d1ameter penstock

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

.. ..-0f the limited number of possible wicket gate positions. They can be
-+ used, however, for estimating releases through the unit.

‘Suimﬁary-of Tailrace Riprap Erosion Tests

The discharges, . in cfs, which were sufficient to start erosion of the tail-
race riprap material are summarized in the following table:

=




-
o

Gate opening (percent) 144

Unmodified draft tube

9-1/2-foot tri-vane flow splitter

5-foot tri-vane flow splitter.

2-1/2-foot baffies

2-1/2-foot baffles plus 3-1/2-foot
tri-vane flow splitter -

W
=

¥* % # O

815
820
1,225
1,530

C 3

1,975 .

#No erosion occurred for 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 is recommended. 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 8 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 below...
the centerline of the distributor. It should be oriented with one vane ‘
" rotated 7-1/2° counterclockwise from pointing upstream as viewed from
above, Figure 12. /

¢

The erosion tendencies for various gate openings with:the recommended

‘baffles and flow splitter is shown in Figure 17.
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Dlmensmns of Important Features

Table 1

Feature

Enghsh umts

Metnc umts s

He1ght of dam e
Length-of -dam-at: crest
‘Penstock:diameter
Air pipe, - dlameter

"‘Minimum draft tube: d1ameter-_2 '

'.Max:.mum dwersmn flow

S f’f12'? feet
.-300 feet:
~10-feet:

©2;67 feet
10 feet

1,700 cfs"‘_- o

: 39 meters
/91 meters -
' 3..05: meters.

.81 meter

_:;3 05 meters i
48 cuh1c meters

5 per second
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Figure 4
Report Hyd-571

Removal of remaining pervious backfill on west side
of river outlet works stilling basin - August 20, 1965,

Excavation of river outlet works backfill slide
material - September 3, 1965.

FONTENELLE DRAFT TUBE STUDY

Repair of River Outlet Works Stilling Basin
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Figure 7
Report Hyd-571

PX-D-56330

View of unmodified model from downstream.

Plan view of modified model.

FONTENELLE DRAFT TUBE STUDY

The Model
1:20 Scale Model
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View of unmodified mode] from downstream.

Plan view of modified model.
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FIGURE 8

OFEN AREA OF WICKET GATES (FT2 PROTOTYPE)
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Prototype measurements’

‘Model measurements
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REPORT ‘HYD =571
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REPORT HYD-571
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 .FIGURE 14.:
" REPORT HYD =57
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" 'FIGURE 16 -
REPORT HYO-57I
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- CONVERSION FACTORS~--ERITISH TCO METRIC UNITS OF MEASUREMENT

The foll conversion factors adopted by the
Testing and rials {ASTM Metric Practice Golde, January 1864) except that
the Bureau bave been added. ' Further discussion

ASTHM Metrie Practice Guide. .

The metric units and conversion factors adopted by the ASTM are based on
§1 for Systeme Internationel d'Unites),
-alac kmown es the Glorgl or MKSA (meter-idlogram
International Qrgenization for

on in IS0 Recommendation R-31. .

Buregu of liec.lama.ﬂcn are thosié:ruhl‘lshed by the American Soclety for
1],

onal factors (*} commonly used in

qfdeﬂmupnsdquanﬂﬂesandmi!sisgivenmmes 1G-11 of the

the “International System of Units" (designated
fixed by the Interpational Committee for Welghts apd Measures;
(ms&ss)~secend-ampere} system.

this system 1s
This system has been adopted by the

The matric tecimical unit of foree 15 the hlggggm—force; this is the force whic)i, when applied o & body having a

mass of 1 kg, gives it an acceleration of 8,
center {or sea level at 45 deg letitude, The metric undt of force
that force which, when spplied to a- tody having a mass of 1 kg,

body 1s that force with which a bedy 1s sitracted to the earth and is equal
acceleration due to vity. However, because it 1s general practice to use "
eorrect term © -force,™ the term "kl " {or derly
{orce" in expressing the conversion

essential in 57 units.

5 m/sec/sec, the standard acceleration

{ree 1all toward the earth's

in 8I units 1s the newton (N}, which ia'defined as

X givas 1t an acceleration of 1 m/sec/sec. These units
must be dstinquished from the (Inconsiant) local welght of a body havmge: mﬂa_].ss of 1
0 the mass
* rather than the technically
massg unit) has been used in this
factors for forces. The newtom unit of force will find increasing use, and 1s

ﬁ; that 1s, the welght of &
a body multiplied by the

guide Instesd of "kKlogram-

“Table I
' QUANTITIES AND UNITS OF SPACE
Multiply By To ghtaln
LENGTH
M ... ... e e e . '25.4(exé.cﬂy}. ....... Micron
Inches . . . s e e e s 25.4 {exmetly). . . . . . . «» Millimeters
: e e e 4 w4 s s 2.54 (exactly)*. . . . . . . Centimeters
Feet . o v v v o v s 0 aa s 30.48 (exactly}) . . ... . . . Centimeters
P T © 0.3048 (exactly)*, . ... . . Meters
............ 0. 0003048 {exsctly}* . . . . Kllometers
Yards . ... . . . P 0.9144 (exactly) . . . . . . ‘Meters
Miles {stetute). . . . . ... . 1,600,344 (exactly}* . . ... . . Meters
............ 1.6800344 (exactly) . . . . . Kllometers
AREA
Squere Inches . . ... « «.. . 86,4518 (exactly}) . . . . . . Square centlmeters
Square feet , P2B.03*% . v o 4 4 = 4« .. Square centimeters
. - Q. 0821 W e e e e s Square meters
‘Square yards . . .ox -4 o . 0.838127 . . .. . ... . Sguasre meters
ABTEE o ¢ 4 ve s e 0 4 s . 0.40469* . ... . . . . . . Heclares
..... e s e .. 4048.9*, . ... . ... ... Square meters:
........ e v en s 0.00404688* %, . . . . . . Square kilometers
PP 2,68888. . . . . . . . i . Square kilometers i

16.3871., . .
-0.0283168

Cublc feet, . .
: -0, 764555

Cublc centimeters
Cuble meters
Cublc meters

CAPACITY

- Fluld ounces (U.8.} .
Liquid pints (U:8.) & .-
Quarts (U.5.) .

Gallans (U:8.).

0.473179. . .
0.473188-. .

Cuble centimeters

Miiilliters
. Cubtc decimeters

Liters :
Cuble centimeters
Liters - '

" Cuble centlmeters °
. .Cuble decimeters -

Liters- :

. Cublc meters

. Cubic decimeters
Iiters

Liters

Liters

Cublc. meters

‘Liters
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) :  ABSTRACT
= Byﬂraulic model atudies of the draft tubs at Fontenelle Powerplant shov
‘that ércsive flow concentrations can be reduced through the use of either
A tri-vane flow aplitter in the draft tube throat or baffle walla in the
draﬂ; tube flow passages when the unit is operated without a turbine -
runper; - Both appurtenances are needed to allov dlveraion of 1700 ofs
.'-_t-hrouy: the Fonteoelle Powerplant during rehabllitstion of the river out-
.18t works stilling basin. The effect of flow splitter length orientation
and vertieal position in reducing flow concentrations is indicated. Baffle
:-dimeneions ‘and’distances sbove draft tube invert, as well as forces oo the
“baffles are given. Provisional rating curves for the Fonteoelle Powerplant
are dev\-loped. )

Eydrnulic lnodel utud:l.el of the drnft tube at Fcntenelle Poverplant show
.. that erosive flcw concentrations can be reduced through the use of either
. a:trizvane flov splitter in the draft tube throst or baffle walls in the
U draft, tube flow paapagea when the unit ia cperated without a turbine
EEERES o117 Both appurtanancea are needed to allov diversion of 1T00 cfa
-2 through ‘the .Fontenelle Poverplant during rehshilitation of the river out-
" let vorks ati2ling basin. The effeet of flow splitier length orientation
and vertical poaition in reducing flow concentrations is indiceted.  Baffle
‘dimensions, and distances above draft tube invert, as well as forces oo the
“baffles are given, Proviaiona.l rating curves for the Fontenellw Powerplant
are d.evaluped. o S Ty ) : .

" ABSTRACT

Hydraulic model studieg of the draft tube at Fontanslle Powerplant show
that erosive flov concentraticns can be reduced through the uae of either
& tri-vane flow aplitter in the drart tube throat or baffle wvalla in the
draft tube flov passages when the unit is operated without & turbine
runfier. Both appurtenances are needed to allov diveraion of 1700 efe
through the Fontenells Poverplant during rehabilitation of ths river out-

. let vorke stilling basin., The effect of flow splitter length orlentation:

and vertical position in reducing flov concoptrations is indicated. Baffle
dimensiong 8nd distsnces above draft tube iavert, as well as forces on the
baffles are given. P:ovisional ratiog curves for the Fontenelle Foverplant
ars developed.

ABSTRACT

Aydraulic model studies or the draft tube at Fontenelle Poverplant show
thet ercaive flow concentrations can ba reduced through the uge of either
a tri-vage flow eplitter in the draft tube throat or baffle walle in tha
draft tube flow pasasges when the unit is operated without & turbine
runtér. Both appurtensnces are needed to allov diversion of 1700 efs
through the Fontenslle Powerplant during rebabilitation of the river out-
let works stilling bssin. The effect of flov aplitier length orientation
and vertical poaition im reducing flow coocentrations is indicated. Baffle
dimensicns and distances above draft tube invert, 8as well as forces oo the
baffles are given. Provisional rating curves for the Fontenelle Powerplant
nre devalopad. . :
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