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FURPOSE

To determine the fiow characteristics of the Cedar Bluff Dam
Outlet Works regulating gate and the effeobiveness of the stilling basin
in dissipating the destructive enerpgy of the released water.

CONCLUSIONS

1, The standard high-pressure slide gate (Figure 5) is not suitable
for use in Cedar Bluff Outlet Works or in any similar struoture where
the flow passes directly into a stilling basin which utilizes & hydrau-
lic jump for energy dissipation., At small gate openings and at heads .
greater than 30 feet the flow from the gate forms a solid, high-velocity
jet in the center of the chute downstream fram the gate (Figure 4A)., A%
heads of SO feet or more the jet springs free from the floor of the
chute and at heads of 90 feet or more the jet sweeps the water out of
the stilling basin,

2., The convex upstream face and rounded upstream lower edge of the
gate leaf, together with the wide gate slots of the standard design,
produce a nomuniform-flow contraction through the gate which results in
the flow concentration described in Conoclusion No, 1,

3., Mlodifying the gate by replacing the standard convex leaf with
a flat one, 3 inches thick, and narrowing the gate slots to accomodate
the thimmer leaf greatly improve the flow characteristics of the gate,

4, A better flow distribution than that with the flat leaf is
obtained by using the concave leaf tested in the laboratory (Figure 7).

5, The wedge-shaped deflectors placed immediately upstreem from
the gate slobts in the design recommended for the Cedar Bluff Outlet
Works deflect the water past the slots and prevent regions of severe
subatmospheric pressure and possible cavitation (Figure 8),




6, Yhen the goats is oporated wide open, a flow contraction and a
subsequent oxpansion occur as the water passes the gate slot deflectors,
The expanding flow impinges on the training walle and forms large, objes~
tionable fins, These fins are eliminated by closing the gate about 5
porcent,

7, The Cedar Bluff Outlet Worke stilling basin, as originally.
designed effecstively disgsipates the destructive energy of the discharging
wator whon thig water enters the basin with uniform distribution.

8. The reduction in the rate of divergence of the stilling baain
training wells at Station 11+31.50 (Figure 13) results in obiechionable
Ping along the wolls. By exbonding the training walls in sbreight lines
Irom the gate to Stakion 11+477.50 ?Figure 3), the fins are eliminated,

9. Discharge sapasity curveg fo- the standard design and for the
nodified design with narrow gate slots, slot deflectors, and either the
flat or the concave leaf are presented in Fipure 10.

10, Discharge capacity curves for the outlet works with the modified
zate are presented in Figure 11,
RECOMMENRDATIONS

1. Use the flat gate leaf together with narrow gate slots and gate
slot deflesctors in the Cedar Bluff Outlet Works structurs,

2, Limit the gats opening to about 95 percent of full-open exsept
in cases of emergency when the full capacity is rsquired,

3. Construst the s%illing basin training walls in straight lines
from the gate to Station 11+77,50, :

INTRODUCTION

Cedar Bluff Dam is looated on the Smoky Hill River, 22 miles west of
Hays and 19 miles south of Vakeonsy in West-Central Konsas (Figurs 1).
It is e compacted earth strusture rising 136 fest above the riverbed and
fomms a roserveir with s storuge capucity of 768,400 acre-feet, An ovor-
flow spillway Yo pass flocd watsrs is provided at the right bank of the
dem end an outlet works for the mormal release of river waber is provided
neay the left bank,

The outlet worls congist of a trashrack structure, a conduit which
passes through the dam, a 4- by 5-foob emergency gate, a 4- by S~Dcet
regulating gate, a concrete stilling basin, end e channel which conveys
the discharged wator to the riverbed (Figure 2). Present plans call for
the relesse of 200 second-fest of water at a normal opersting head of 8C
feet and a maxiwur: head of 130 feelt, Iydraulie model studies were




conducted on the repgulating gate and the stilling basin to determine the
operating characteristics of these structures end to meke any design
changes indicated to insure proper hydraulic operation.

THE MODEL STUDIES

Dosoription of the 1:12 Svale Model

The model was constructed on a 1:12 scale in a wooden box lined with
sheet metal (Figure 3)., The outlet works conduit was constructed of sheet
motal and terminated in a model of the 4~ by 5-foot high~pressure rogulat.
ing slide gate. The conduit was made shorter than the true scale length
because the study was concerned only with the outlet end. However, the
proper model to prototype relationship of pressures and velocities at the
gate was maintained for any discharge by proper settings of tho gate and
the 6=ineh control valve., A flow straightener was placed in the conduit
immediately downstream from the control valve to provide uniform f{low
into the model. The stilling basin chute and floor were formed in con~
crote soreeded to metal templates and the training walls were made of oil~
treated plywood. A section representing 148 feet of the canel downstream
from the stilling basin was formed in pea gravel. The stilling basin tail
water elevation was regulated by a tailgate placed at the lower end of the
model., Suitable gages were used to measure the tail water elevation end
the pressure head in the pipe immediately upstream from the model gate.
Water was supplied to the model by the laktoratory system which contained
venturl meters for measuring the rate of flow,

Initial Testing of Outlet Works

At large openings the flow through the stendard gate occurred
smoothly, However; at near~closed gate settings and at heads greater
than 30 feet the flow became concentrated into & single, high-velocity
3ot in the center of the chute downstream from the gate. At heads of
90 feet or more the jet spreng free from the chute floor and impinged on
the surface of the stilling pool (Figure 4A). At the 20~percent open
position end at a head of 90 feet the action of the jet was so violent
that the tail water was swept completely out of the stilling basin. It
was 7bvious that the flow through the gate would have to he improved if
the outlet works were to function properly.

Investigation of Slide Gate

Standard Design

Model tests were conducted in an attempt to isolate the effect of
various parts of the standard zate design on the flow pattern. The
effects of the 2-inch offset in the floor of the gats, the gate slots,
and the shape of the gate leaf were investigated.

The centerline of the downstream gate frame of the 4~ by 5-foot
nigh-pressure slide gate is 2 inches lower than the centerline of the




upstream frame. This results in a 2-inch offset in the floor of the gate
structure, the floor at the lower end of the upstream frame curving down-
ward on a 30~inch radius to meet the bottom seal snd the floor of the
downstream frame (Figure 5). To determine the effect of this offset on

the £low through the gate, the floor of the downstream frame was covered
with beeswax so that the passage floor continued level from the upstream
frame until it faired into the chute. The flow through the modified gate
was similar tTo that with the offset, except that less spray was present
(Figure 4B), thereby indicating that the offset was not & major factor
contributing to the flow concentration., The beeswax was therefore removed.

The effect of the gate slots on the flow when the standard leaf was
used was determined by filling the portions of the slots exposed to the
discherging water with modeling clay to make the sidewall surfaces con-
tinuous. No basic change in the flow pattern resulted from this alter-
ation; the only effect was a reduction in the amount of spray.

‘The other feature tested was the shape of the gate leaf. The leaf
of the standard gate is constructed with the downstream face flat, the
upstream face convex in the horizontal plane, and an 18~1/8-inch radius
in the vertical plane at the lower upstream edge (Figure 5). To determine
the effect on the flow of changing the shape of the leaf, rectangular
bars. equivalent to 3, 6, and 9 inches high, 6 inches thick, and extend-
ing the full width of the gate were fastened to the bottom of the modsl
leaf’, Considerable improvement in the flow resulted, the greatest improve-
ment being noted fovr the highest bar. In all cases when leafl bars wers
used the gate slots had a pronounced effect on the flow. With the slots
open there was a heavy spray and the flow sprang free of the chute floor,
With the slots filled with modeling clay the flow was smooth, spread
relatively well on the chute floor, and showed little tendercy to spring
free of the floor., The disturbance produced by the slots when the bars
were used was due to the control point being at the upstream bottom edge
of the gate leaf, This permitted the high-velocity water to enter the
slots and cause considerable turbulence.

To move the control point as far as possible downstream, .a leaf
extension equivalent to 1 inch in thickness and 7-1/2 inches high was _
fastened to the bottom downstream cormer of the leaf, The flow obtained
with this modification and with the gate slots open compared favorably
with that obtained with the 9-inch high bar and the slots filled. Little
improvement was obtained in the {low pattern by f£illing the gate slots
when the leaf extension was used.

The model tests conducted to this point indicated that.the convex
upstream face and the rounded upstream lower edge of the gate leaf were
the primary causes of the concentrated flow, The secondary cause was
the disturbance produced by the wide gate slots when the point of control
in the gate was at the upstream bottom edge of the leaf.
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Plac Uoto Loal

A new gate leal was developed through the combined efforts of the
ilechanical Design Section and the Hydraulic Laboratory which could be
useod for this and other installations, This gate leaf eliminated or
minimized the sources of flow disturbances found in the standard leaf.
First, the upstream face of the leaf was made flat. Second, the bottom
of the gate leaf was made with a square edge on the upstream face., Third,
the gate thickness was reduced from the previous minimum of 6.6 inches to
3 inches. This permitted the use of narrow gate slots (3.8 inches wide
as compared with the previous width of 6.8 inches) with a corresponding
reducticn in the flow disturbances produced by the slots. All of thess
design changes were readily adaptable to the standard gate frame.

The performance of the gate structure using the flat leaf and thae
narrow gate slots was considerably better than any previous design. The
spreading action in the chute was greatly improved even though most of
the water was still concentrated in a stream the width of the gate
(Figure 4C). This concentration resulted in a rougher stilling pool
action than would be obtained with an even sheet of water entering the
pool. There was no tendenay for the flow to spring from the chute floor
and the water could not be swept out of the stilling basin under any
operating condition of the prototype structure. ‘

The flat gate-leaf design, although recommended for use in the

Cedar Bluff Outlet Works, does not represent the best design, from a.
hydraulic standpoint, evolved from the model studies. The design was
chosen becouse it was a modification readily adaptable to the standard
pate frame, wos acceptable structurally, and presented few manufacturing
difficulties.

Concave Gate Leaf

Further studies were conducted to develop a gate leaf desiegn which
would produscs a better flow patbtern in the outlet chute than the flat
ieaf. It was reasoned that because the change from a convex to a flat
surf'ace on the upstream face of the gate improved the flow characteris-
tics of the gate, additional improvement could be realized by making this
lace concave, Accordingly, model tests were made on a number of designs,
21l sssentially ccnoave on the upstream face (Figure 6). Design 12 (Fig~-
ures 6 and 7) was evolved from this study and, when used in the standard
rate frame with narrow gate slots, it produced a nearly uniform sheet
tnat moved smoothly down the chute into the stilling basin. The actien
cf the pocl was excellent, and the variation in water surface from wave
crest te trough was less than that for any other design. Leaf Design 12
vhould therefore be considered foi use in future structurses where uniform
iiow 1s requlred downstream from the gate,

Gate Slot Deflectors

Pivkang by oeavivation in Lno regron armelicouly dormstrean from cate
siots nas occurced in Bureau structures and those of otiher enpgineering




organizations, The cawage has heen so severs in some cases thak
investigations were made to find meons of eliminating the low-pressure
ragions causing the cavitation, Laboratory end field studies showed that
these critical pressures could be avoided by placinp wedge-shaped deflec:-
Tors Just upstrean from the gate slots to direct the flow pmst the slots,
In acceordance with this experisnce slnt deflectors, which oxtend into

the passage 1 inch and faired upstream into the sidewslls at a 159 angle,
were installed on the modsl gate with the flat leaf (Figure- 8).

During the tests in which the dsflectors were used, large fins
formed nleng the training walls immediately downstream from the gate when
the gote wae operated in the full-open position (Figure 9A), An exenine-
tion of the flow reveuled that & contraction ccocurred as the wabtor passed
the szlot deflecters, and as tho water entered the oublet chute the stroam
spread at »n rate grester than that at wiich the walls diverged, The
water, vherctfore, impinged on the walls to form the fins. Further modsl
tests showed that by <losing the gavte sboubt 5 percent, the finsg wers
entirely elimivatod (Figuro 9B), This partisi gate closure veduced the
maximm rate of discharge at an 80-foot head from 603 to 776 ofs, or
about & percen®, Jince this rsduction in capscity is not serious, it is
recormendaed that the moximum gate opening be limited to 295 percsnt of
full-open for all normal operating conditions, In cases of emergency.
+the magimum capasity may be obbtainod by cpening the gate fully,

Discharge Capacity Curves

Dischargo capacity curves were dotermined for the standard design
{Figure 10A) and for the wmodified design with the narrow gate slots,
slot deflestors, ard either the flat or the comcave leaf (Figure 10B),
“he capacity of the meodified design is somewhat less than the standard
dasign due to the sbstruchbion cuused by the slot deflectors end to the
flow contrastion which ozcurs dovnstream fram the squere edge of the
leaf, The coefficient of discharged based on the total head on the
cate centerline, the srea of the conduit at the gate entrance, and the
gete 1007 opsn iz 0,84 for the modified gate with either the flab or
concave leef, and is 0.85 for the standard gate.

The availabls total heads at the gabte centerline after the losses
through the sonduit structure have been subbtracted are rghown in dashed
lines in Figure 10A and B for heads of 80 and 100 feet (reservoir
clevation 2144,0 and 2194.0 respectively).

Discharge capacity curves for the outlet works are presented in
Figare 1l from which the discharge can be detemined when the resorvoir
clevation and the gate setting are knowmn.

Investigatiion of the Stiliing Basin

Operution with the lodified Gabe

Figure 124 shows the operation of the stilling basin at the design
wlscharge of 200 sesonde-foet at the normal head of 80 feset end with the




modified gate using the flat leaf. The operation of the basin at the
ngar-maximum flow of 760 second~fset and a head of 80 feet is shown in
Figare 12B. The velocity distribution at the end of the basin apron
was good and no objectionable eddy currents were present., The maximum
variation in water surface at the end of the apron, or the difference
in elevation between the highest wave crest and the lowest trough for
the discharge of 760 sscond-feet was 2 feet prototype. At the design
flow of 200 second-feet the maximum variation in water surface was 1
foot prototype. The scour in the pea gravel used in the model at the
canal entrance was negligible. '

Effect of Baffle Piers

Baffle piers were installed in the model and moved upstream and
dovmstream on the basin floor to determine, by visual examination, the
cptimum location in the basin, The best location was found to be
Station 11+87.50 or 10 feet downstream from the toe of the basin chute.
Little change in the operation or the appearance of the basin was noted
with the pilers installed. The prcfile of the water in the basin was
determined both with and without the baffle piers installed, at flows
of 200 and 750 second~feet mmd using the flat gate leaf, At both flows
the chenge in the profile due to the piers was negligible., On the basis
of these results, and because little differsnce was evident in the wave
action and velocity distribution at the canal entrance, it was conoluded
that baffle piers were not required,

Training Wall Rate of Divergence

In the originel design of the stilling basin, the divergence »f the
treining walls from the gate to Station 11+431,50 was 1.43 feet in 10
feet, while the divergence from this point to Station 11+77.50 was 1,11
feet in 10 feet (Figure 13). The model tests showed that the gate dis-
charge sprsad on the floor of the chute immediately downstreem from the
gate with the water neer the walls flowing parallel to them. When the
flow pascsed into the section of lesser divergence, the water was deflectsd
inward, forming fins at the walls.  These fins were present at all flows
but were more pronounced when moderate guantities of water were relsased
at high heads. By modifying the model training wells to provide straight
surfaces with one rate of divergence from the gate to the pool entranoce
(Station 11+77.50), the fins caused by the change in divergence were
eliminated. Therefore, this change was recommended for the prototype
structure,

Tailwater Elevation Reguirements

Further model tests were made to determine the tail water elevations
required for various operating heads to prevent the water in the basin
from being swept out. The results of the tests are shown in Figure 14,
together with the tall water elevations which are expected to occur at
trhe structure. It is apparent that in all cases the +tail water elevation
available will exceed the elevation required, and therefore, there is nc
denger of the water being swept {rom the basin,

Inverior -~ Reclamation - Denver, Colo,
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C. Modified gate with flat leaf.

Effect of gate design on flow distribution--
gate 23% open, 80 foot head, and 200 cfs discharge
CEDAR BLUFF OUTLET WORKS
1:12 Scale Model

Figure L
Hyd. Report 245
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FIGURE 6
HYD. REPORT 245
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The atove notes refer to the ncture of the
dischorge produced by the leof design




FIGURE 7
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FIGURE 8
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Figure 9
Hyd. Report

B. 5% closed. Q = 760 cfs.

Modified gate with flat leaf--operating in wide-open
and 5% closed positilons.
CEDAR BLUFF OUTLET WORKS
1:12 Scale Model
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Figure 12
Hyd. Report 245

A, Modified gate with flat leaf discharging 200 cfs into stilling
basin at a head of 80 feet.

B. Modifiled gate with flat leaf discharging 760 cfs into stilling
basin at a head of 80 feet.

Flow conditions in the stilling basin.
CEDAR BLUFF OUTLET WORKS
1:12 Scale Model
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FIGURE 14
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