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Fic. 83.—Taintor Gates for Great Falls Power Dam, Caney Fork River,
Tennessee.
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with the forms. For the bottom seal, the lower edges of the gates
were planed to a sharp edge. In lowering, this edge cuts through
irregularities in the sills, small pieces of wood, and other débris,
and the gates come to a continuous bearing.

The pivot pins are usually made to cantilever out from the piers,
although they sometimes bear on girders spanning from pier to
pier, if danger from floating débris is not feared. The bearing
boxes are usually babbited or lined with bronze, in order to
prevent them from rusting against the steel pins.

In a plant where a large number of Taintor gates are used,

- operation is usually effected by one or more traveling hoists to
which motors are attached. In cold climates steam pipes should
be provided in order to prevent the gates from freezing tight.

Objections have been raised to all form of crest gates which are
not entirely automatic in operation, particularly if subjected to
ice conditions, on the ground that constant vigilance is necessary
for their successful operation. Such antagonism, however, has
not prevented the use of non-automatic crest gates in a great many
cases, particularly where a sufficient force of men is always avail-
able for emergency operation. A few automatic crest gates have
been adopted, but their use has not become common.

Fig. 84 shows a typical sluice through the body of the dam.
Such sluices may serve a variety of purposes, and are sometimes
relied on to pass considerable of the flood flow and thus reduce,
in a measure, the rise of water surface during floods. It is seldom
found economical to provide a sufficient number of sluices to take
the maximum flood flow, as in the case of crest gates.

The Stevens Creek sluice gates are made so as to split, as indi-
cated in Fig. 84, to facilitate removal to the passageway through
the water-tight bulkhead. The gates are made accessible by low-
ering a weighted timber stop gate between the projections on the
up-stream face of the dam. If the leakage through the sluice is
too great to permit of the stop gate being lowered against the flow,
it may be lowered in a horizontal position to an elevation slightly
above the top of the sluice entrance and then allowed to swing
down over the opening. The sluice is protected from erosion
near the gate by a cast-iron lining. Should tail-water rise above
the level of the passageway floor, suction at the contracted throat
of the sluice will effectually remove all leakage through the drain-
age pipe provided for that purpose.
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F1a. 84.—Arrangement of 8X8' Sluice-gates, Stevens Creek Development
on Savannah River.
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Gates of this type should be made unusually strong in every
particular. The disturbance of the water at part gate opening
seems to impose a duty on the several parts far greater than the
capacity of the manufacturer’s usual stock patterns.

Considerable trouble may be caused by logs lodging in the sluice
and preventing the gate from closing. Rack bars of 6- to 12-in.
spacing are usually placed above the gates. They should be as
far as possible from the gates, as cases have been known where
logs, although having caught on the racks, have extended through
them far enough to rest on the gate sill. For this reason some
engineers incline to the opinion that racks are a menace rather
than a protection, because, without the racks, the logs would have
been carried through the sluice. The use of racks, however, is
still quite common. There is a great deal of room for improve-
ment in this feature, as the gates are relatively inaccessible, and,
therefore, expensive to maintain and repair.

Fig. 85 shows a typical system of flash-boards with which the
normal spillway crest is lowered automatically at times of excess
flow. In this country, this is the most common of all devices
designed to control the elevation of flood-water surfaces. Although,
in certain cases, flash-boards are rather expensive to maintain,
owing to frequent renewals, they have the advantage of relatively
small first cost and the certainty of automatic operation.

The flash-boards are supported by round steel pins which are
inserted loosely into sockets set in the masonry crest of the dam.
The boards are usually fastened loosely by wire nails bent around
the pins, or by wire loops passing around the pins and fastened to
nails driven in the boards. The pins are designed with a reason-
able factor of safety, for water at full storage level, but are cal-
culated to bend over and clear the masonry crest, if the boards
are not removed, when a severe flood occurs. After the flood
passes, the pins are heated, straightened and replaced, and new
boards put in place. The boards are usually fastened loosely
enough to be removed by the flood, and are seldom recovered.

When increases of flow can be anticipated and sufficient time
is available, the boards and pins may be removed by hand before
the water surface rises high enough to bend them over. In order
to facilitate the handling of a barge for removing and restoring
the flash-boards, it may sometimes be found desirable to provide
sockets at intervals into which mooring pins may be set. These
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are indicated in Fig. 85. The boards and pins are sometimes
manipulated from an overhead platform or bridge provided for
that purpose.

Where it is possible to remove the boards in advance of floods,
they are usually built in panels, as indicated, and provided with
handles. Handles of the type shown are not permissible if con-
~ siderable drift is anticipated, as this may collect and cause pre-
mature failure.

The boards are sometimes provided with planed edges in order
to reduce leakage, but more often are unplaned, and ashes or sim-
ilar caulking materials are swept along the joints.

As indicated in Fig. 85,

Let d=the diameter of solid pins, in inches;
s=the spacing of solid pins, in feet;
hi1=the height of solid pins, in feet;
h2=depth, in feet, of water above the masonry crest;
hm=the depth, in feet, of water above the masonry crest
corresponding to the maximum flood;
f=the bending stress in the pirs, in pounds per square
inch;
wz =weight of one cubic foot of water=62.5 lb.

The bending moment in each pin for the water surface at full
storage level is

W2h 138

M= =10.42h:3s . . . ft.-lb.

Within the elastic limit, the moment of resistance of the pin, in
foot-pounds is,
0.00818fd?.

Equating this to the bending moment, and solving for d, there
results,

d= 3 1275h,3s.

The use of this equation will provide for the pins having a rea-
sonable stress, say two-thirds of the elastic limit, when the pond
is at full storage level.
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Before the pins are completely bent over, they are stressed far
beyond their elastic limit, and on this account the ordinary theory
of flexure is quite inaccurate. Because of this and other uncer-
tainties, it is impossible to write an accurate equation to indicate
at what stage of water surface the pins will bend over, and, there-
fore, we must rely on experimental data. The author has found
that, if pins of medium steel are stressed theoretically to about
two-thirds of their elastic limit when the water surface is at full
storage level, they will ordinarily not withstand a head, k2, above
the masonry crest greater than twice their height, and that they
usually bend over for heads equal to from 1.5 to 1.75 of their
height, depending on the vacuum which forms under the overflow.*
To be amply safe, the height of the flash-boards should not or-
dinarily be more than about 40 per cent of the head, hm, corre-
sponding to the maximum flood. This will leave a margin of
about 0.2k; between maximum flood level and the highest level at
which it is thought the pins will fail.

The pins may then be expected to accommodate, without fail-
ure, a flood equal to about one-sixth to one-eleventh of the maxi-
mum expected flood, and, if not removed when necessary, will
usually bend over several times in the average year unless a part of
the moderate floods can be accommodated through sluices in the
dam, through turbines, or by other means, or unless the reservoir
is exceptionally large.

If a greater degree of accuracy is desired, it becomes necessary
to test out samples of the pins under actual operating conditions.
Experiments of this character are inexpensive, if a log chute,
fishway, or wasteway has been provided in the crest of the dam.
In any event, a considerable expenditure will be warranted if a
large reduction in land to be purchased can be effected. For
greater accuracy, the pins are sometimes grooved to exact diam-
eter at the elevation of the masonry crest.

Pipes have sometimes been used in place of solid pins. If the
pipe pins are short in proportion to their diameter, they may fail
by buckling at their supports, and go out sooner than solid pins
having the same initial stress.

Many types of automatic hinged flash-boards have been used,
in which actual failure of the material does not occur when the
flash-boards collapse. Their use, however, has not become com-

* See Art. 17.
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mon, except on some of the very low river improvement dams built
by the Federal Government.

A radically different type of regulator, which seems to be gain-
ing favor, is that of the siphon spillway. Fig. 86 shows the siphon
spillway of the Tennessee Power Company on the Ocoee River,
Tennessee.*

In a siphon spillway, the water flows through a closed conduit,
producing a suction head that largely increases the velocity, and
consequently the discharge per unit area.

Under normal conditions, the water, at the Ocoee Slphonl,
stands at El. 1089.2, or slightly trickles over the lip or crest of
the spillway. When the water surface rises, the discharge over
the crest increases and the water strikes the far side of the

Forebay
“ &
Maio Flame 4 Sand Sluice e,
SHEE ':,:‘“'_.,: ‘v,o
H 1
{ : iR
H
Siphons P ——
L
A<

Fic. 86.—Siphon Spillway, Ocoee River Development, Tennessee.

lower siphon legs. When the water surface reaches an elevation
of about 1089.55, or slightly above the top of the air inlets, the
air thus confined in the top of the siphons, as well as that in
the lower legs, is quickly entrained and ejected and the siphons
prime. The suction thus produced increases the velocity to that
corresponding to an effective head equal to the difference in ele-
vation between the water surface in the pond and the center line
of the siphon outlets, less the head expended in friction within the
siphons. If the full discharge of the siphons is greater than the
total flow, the water surface in the pond will recede. When the
upper parts of the air inlets become exposed, the air drawn in by
the suction reduces the efficiency of the siphons until the dis-
charge is automatically diminished to that required for stationary

* Engineering Record, Vol. LXXII, p. 567.
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water surface in the pond. If a sufficient quantity of air is drawn
through the inlets, however, the siphonic action will be broken.
The water surface in the pond will then rise again, and the oper-
ation of priming will be repeated.

By virtue of their large capacity, relative to that of a simple
weir, of the same crest head, siphons may be used to limit the rise
of the water surface in the pond during floods, and are particularly
serviceable in cases where the fluctuations in discharge are rapid,
as at the end of a long flume supplying hydraulic turbines.

If properly proportioned, they will prime quickly enough for
all practical purposes.

The discharge of a siphon of this type may be computed from
the ordinary equation for flow through short tubes,

Q=CAV2gh,

where h=the gross head on the siphons, in feet from the water
surface to the center line of the discharge;
A =the area at the throat, in square feet;
g=the acceleration of gravity =32.2;
@ =the discharge, in cubic feet per second; and
C =a coefficient depending on the characteristics of the
siphon.

Tests by the author on the Ocoee Siphons indicated a value of
C of about 0.65, and this figure has been fairly well substantiated
by other tests on similar siphons.

Provision should always be made to by-pass ice cakes-and
débris which, otherwise, might clog the siphons. The throat
should be protected from erosion by a cast-iron lining,
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