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INTENT

This paper is intended to be a brief summarv of
automatic spillwav gates that have been, or are now being
used with a fair degree of success, It is further intended
to treat lightly ice conditions and methods of controllin g
them, especially in conjunction with the automatic gate,

A new idea for an automatic crest gate will be worked out
in the rough to illustrate what might be a useful principle
in automatic gating in the future.



AUTOLIATIC GATZS

Introduction

The following definitions will be adhered to in this
paper:

An gutonatic gate is a gate which is operated by the
pressure of the standing or flowing water of the stream or
pond, Furthermore this pressure must be controllable by a
small amount of work for which only a few men and a short
time are required,

A purely automatic gate is a gate which is operated
by the pressure of the standing or flowing water of the
stream or pond, Furthermore this pressure must be
controllable bv a mechanism responding to predetermined
elevations of the head-water. This gate must be capable of
operating without the presence of an attendant,

Throughout this paper references will be mentioned
by the numbers they bear in the bibliography.

In order to maintain simplicity,the Fargo Classifi-
cation (Ref, 24) will be followed. All gates other than
automatic or purely automatic will be mentioned but
briefly,

The Fargo Classification

I Needle Dams
II BSliding Gates
A, Crest
B, Deep Sluice
III Pivoted or Hinged Gates and Flashboards
A, Bear Trap Gates
B. Tainter, Sector, and Drum Gates
IV Rolling Gates
A, Cylinders
B, Shutters of polygon section mounted between
large wheels or rollers which travel
inclined racks
V  Siphon Spillways
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PART I

Gates

Needle Dans

The needle dam is used most extensively in European
countries, It cannot be classed as an automatic gate due
to the large amount of labor required to operate it, The
chronological order of development is:

Poiree's Needles 1834 Vertical needles
Boule Gates 1874 Syuare sections
Curtain Dams 1876 Horizontal needles

(Ref, 9 & 26)

Sliding Crest Gates

The stoney gate and similarly constructea gates,
operated by overnead cranes and hoists, are the most
common sliding crest gates of today. They are obviously
not automatic, There have been automatic sliding crest
gates designed, however, A good example is the Sticxney
Lifting Dam, designed by L% te Col, Amos Stickney, Corps
of Engineers, U,S.4, for closing the navigable pass at Dam
#6 on the Chio river, The principle of construction of this
gate is illustrated in rig. 1.

The gate is raised bty the pressure of the water
stored in a reservoir upstream of the dam, The stops, as
shown, prevent the gate from leaving tne chawber, The gate
is lowered by closing the valve leading to the reservoir,
and opening a valve to tne strezm below the dam, The gate
drops by its ovn weight, The reservoir can be filled by
natural flow when the river is at high stage,

The Sticxney gate is not always able to operate as
an automatic gate, This is true when for some reason, such
as an emergency, the water must be pumpea into the reservoir,
Thus, a pump should be a part of the equipment, The Stickney

gate has the following characteristics:
e Rapidity of movement
be Small leakage
Ce Automatic operation
de Can operate under any condition of the river
€e Provides for safety of the operators
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Sliding Gates for Deep Sluices

Although gates of this nature are very extensively
used, they are not of an automatic character, There are
many different types of sliding gates for deep sluices,
among which are some of the following:

e Stoney gates Ref, 2 & 27)
b, Multiple Leaf gates Ref, 1)
1, Old type, multiple slot
2. Cantilever type
e Guillotine type
c. Sliding gates with ice-flaps Ref, 1)
d. Broome gates (inclined) ref, 27)
e. Sliding Vertical Cylinder gates  (kef, 27)

Pivoted or Hinged Gates and Flashboards
Bear Trap Gates

The bear trap gates have been about the most
successful of the automatic gates, and therefore merit
consideravle attention, Tne chronological order of their
development is as follows:

1819 0ld Bear Trap Showvn in Fig, 3
1862 Du Bois Gate Shown in Fig, 4
1366 Girard Gate Shovm in Fig. 5
1870 Carro Gate Showvn in Fig, 6
1881 Du Bois Apron Gate Shown in Fig. 7
1887 Parker Gate Shovm in Fig., 8
1890 Lang Gate Shovm in Fig, 9
1892 Reversed Parker Gate Shovn in Fig, 10
1895 larshall Gates Shown in Figs., 11,
12, 13, & 14

1900 Jones Gate Snown in.Fig. 15

1918-1920 Lutz-Hulbert Gate (Have
been unable to find a
description of this gate)

Of these gates, the three that are most cormmonly
used in engineering structures are thne 0ld Bear Trap, the
Parker Gates, and the Lang Gate. The Parker and Lang gates
are best for average conditions, but the 0ld Bear Trap
still has its advantages in remote and inaccessible places
where skilled labor and metal work are hard to obtain, and
where the expense must be very small,



The 0ld Bear Trap
History

The first bear trap gate, known as the 0ld Bear Trap,
was invented by Josiah White., He and a business partner
found it necessary to make the Lehigh river navigable for
business purposes, After considerable study of the situation
Mr, White devised a gate to be used in keepingz the river at
the desired elevation and thereby provide ample draft for
his barges,

Theory

The Old Bear Trap is an automatic gate, It consists
of two leaves, an upstream leaf and a downstream leaf, and
aen interior chamber, The chamber is connected to the water
above and below the dam by two channels or ducts which may
be opened or closed independently of each other by valves,
When the upstream valve is opened and the downstream valve
is closed, the hydrostatic head above the dam raises the
gate, When the upstream valve is closed and the downstreanm
valve is opened, the weight of the gate plus any downward
water pressure on the gate will close it, The gate may be
held in any intermediate position by the proper adjusting
of the valves,

Design

In order to have a workable gate under any given
conditions of head and backwater, there are four dimensions
which must be related to each other in accordance with
certain fundamental laws of mechanics or hydraulics, These
are the lengths of the two leaves, the distance between the
hinges, and the height to which the dam will rsise, For low
head conditions, the height which the dam or gate will
reise is taken as the basis of design, but in many other
cases the distance between the hinges is used because it is
limited by cost,

A, 0.Powell, U,S.dssistant Engineer, has derived
formulas for the Old Bear Trap gate. (Ref, 19) From these
formulas he has constructed curves for various < head and
backwater, from which the four essential dimensions can be
taken, If a gate is built using good engineering practice,
to the dimensions of any one curve it will work for the
conditions of that curve,

A modification of one of Mr, Powell's curves will be
derived and constructed at this point to illustrate the
method used in bear trap gate design., To start with, it
will be assumed that there is no backwater, gnd‘that the
leaves have no thickness, The symbols used signify the

following: (See Fig. 2)



S,

= The length of the upstream leaf

= The length of the downstream leaf

= The overlap when the gate is depressed

= The distance between the hinges

H" = The difference in head (upstream and downstream)
Pl = The downward pressure

P, = The upward pressure

w = The weight of a cu, ft, of water

O N M

The two critical positions are when the gate is fully
elevated and when it is depressed, The case of tine gate
depressed will be considereu first, The downward force
which must be overcome is applied on the portion Z only, as
the rest of the upstream leaf is between equal pressures,

From hydraulics, water pressure equals the area of
the body acted upon times the head at the point of pressure
times the unit weight of water, Also from mechanics, the
sum of the moments, about any point, of a body in equili-
brium equals zero, Therefore Pl acting through point 'a' is
as follows: (See Fig. =)

22
X% = =

Pl = ‘.TH n ( —L )
X -2

The upward force used to raise the gate is applied on
the whole surface of the downstream leaf, Tnerefore:

P, also acts through point ‘'a', Po must exceed Pj,
in order to be able to raise the gate, This excess can be
definitely fixed to suit given conditions of friction etc,
by evaluating 'n' in the following formulas

nPy = P
Substituting the values of Pl and P2
2Xz ~ z°

n(X - 2)

Y=

By definition:
Q=X+X¥ -2
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Substituting and setting § equal to unity, as it
does ngt effect the relations between X, Y, and Z, the
following value or expression for Y can be arrived at:

a .
1- -2
=
Y = _4 A +%(ln )2
l-n l-n - n

Also:;

Xa v (1 - n)Y° - 2v(1 -2) +1

At this point 'n' may be evaluated and the equations
for the various curves determined,

Suppose that it is desired to have 1} times as much
lifting force as downward force, If so, *n' should be
given the value of 2/3. Therefore by inserting this value
in the proper places of the equation for ¥, it is found

that:
Y = 2-45}:24-1

The curve shown on Fig. 2 was constructed from this
equation, Any convenient point on this curve will serve as
the vertex of the gate, and thereby determine the lengths of
X and Y to be used for a given Q. However, the highest point
giving the maximum head for a given Q, is usually used,
unless there is a definite reasvn for desiring another point.

It was previously stated that there were two critical
positions for the gate. The case of the gate being depressed
has been considered, so the next consideration is thap of
the gate being fully elevated, When the gate is in tbls
position there is one requirement vhich must be fulfilled,
The angle between the leaves must be greater than 90 degrees
plus the angle of friction, which means that it must be
greater than approximately 100 degrees,

Backwater has not been considered in the above
derivation, but could %aze been enteied in by meking the

jon for P, a little more complex,
expres;;e specific gravity of the gate may be adjusted onc
way or the other to some advantage., One leaf may be made
buovant to assist in raising the gate, and the other made
heavv to assist in lowering the gate,

In the above derivation it will be noted that tbe
head (H") drops out, meking it appear that the gate will
work for any head no matter how small, This may be 8o from
a theoretical standpoint, Tut it is not true in actugl -
practice, Mr, Powell finds that if the specific gravity is






as low as 1,0, the gate will operate under 6 inches of
hgag or more, As the specific gravity increases the
minimum head required becomes greater,

The Later Bear Trap Gates

It is not possible in this short paper to go into
each of the successive bear trap gates to any great extent,
therefore a brief discussion will be presented in the way
of a comparison with the 0ld Bear Trap gate, 4ll of thne
later gates operate under tne same fundaental laws as Mr,
White's gate, and are in a sense of the word merely mechan-
ical improvements or attempts at improvement, For this
reason the comparison will be made by showing how they
have overcome the various defects or weak points of the
01d Bear Trap. These defects will be listed at this stage
of the paper ana referred to in the discussion by their
respective numbers, (See Figse 3 to 15) The defects are:

I Friction between the leaves

II Excessive distance between tne hinges (This
distance is approximately 3 tiiies tne head wnich
can be handled, therefore requiring a sluiceway
which is not of econcmic proportions,)

ITI Excessive strain on the leaves {This is due
directly to defect II)

IV Excessive stress at sudden stopping (This
requires an extra sturdy structure, increasing
the cost, )

V  Warping of the leaves (This is due to the
uneven distribution of tne water in the chamber
wvhen filling)

VI Drifiwood trap (Driftwood and other.debris is
caugnt in the exposed exterior angle, )

VII Overlcp of the leaves {(Ccusing impact of the
water on the lower leaf,)

VIII  Overlep of the leaves (Causing unnecessary
1lifting of water,)

The Du Bois Gate

The Du Bois gate is hardly an improvement over tine
0ld Bear Trap, but will serve as a variation, This gate
overcomes defects (I,VI,VII, and VIII), but is subject to
an equal amount of criticism for the sliding arrangement of
the upsteam leaf, This arrangement causes a great deal of
friction and is easily clogged by silt, submerged debris,
or possibly anchor ice,
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The Carro Gate

. M, Carro's gate, beir_ similar to tne Du Bois gate
avoids the same defects. It :1lso has remedied the 013w~in5
difficulty, but introduces icore friction and is more
complicated to build, thus costing more. So all in all the
Carro gate fails to be an improvement, but mav be classed
as another variation,

The Girard Gate

According to A.Q0.,Powell, the gate patented by L, Girard
is the first real improvement of the Clu gate, This device
has eliminated defects (I,II,III,V,VI, and VIII), The Girard
gate, although not properly valued at the time of invention,
was the first to have a folaing leaf, This feature is the
key to the success of the more mcdern gates,

The Du Bois Apron Gate

L.r., Du Dois' second gate, althnougn introducing a little
friction at the foot of the apron, daoces not have defects
(VI and VII), It is hesvier and costs a bit more than the
0lda Bear Trap, but for many conditions nuy be considered as
an improvement,

The Parker Gate

The' Purker'is in reality Girards' gate turned end for
end, with a Du Bois ayrocn aauea to it. Tals a.ron is now
called an idler, and provides for tme circulation of water
througn it to avoid unnecessary vwater pressures, 4ll the
defects except (IV) arec eliminatcd in this gate., The absence
of defects (II and III) is a very important improvement as
the cost of the gate per foot of head is greatly reduced,
This enakles a stronger and more rigid structure and
thereby practically eliminates defect (IV),

A very detailed discussion, including the derivation
of formulas, of tne Parker gate can be found in A,0.Powell's
report in Ref, 19,

The Lang Gate

kr, Lang; substituted chains or rods for part of kLr,
Parker's upstream leaf and shorteneu up on the idler, This
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makes a lighter gate, but reintroduces slidinz friction at
the end of the idler, There are two Langz gates in operation
a? the Geddes plant of the Detroit Edison Co, They operate
with perfect ease, responding very readily to the working
of the valves, The autnor was further informed that there
is no great difficulty encountered with ice,

According to kr, Powell, it is hard to say wnich is
the better gate, the Lang or the Parker, The conditions
existing at any particular set-up usuallyv determine which
is more desirable, There is one small advantage which the
Lanz gate has over the Parker, and that is that it does not
have the condition of unequal water pressures in the
chaiber at the vertex of the segments of the Ilipstream
leaf,

By the addition of another set of chains or rods tne
Lang gate can be made reversible, that is; at a location
where the flow of water is one way part of the time and the
other way the rest of the time, this gate will serve its
purpose for flow in either direction, This condition wzas
encountered at the Sandy Lake Dam, (Ref, 29) The gate
functions as a Lang gate in one direction, ana when the
flow is reversed it functions as an 0ld Bear Trap. The
location of the additional set of cneains or rods is shovm
in Fig. 9 Dby the dotted line between points 'a' ani 'b',

The Reversed Parker Gate

The Reversed Parker gate, as showvn in Fig, 10, is
nothing more than a Girard gate with an idler added to it.
It therefore has the same qualities as the Girard gate,
plus tne obvious benefit of the idler, A practical illus-
tration of tne use of this gate can be found in Ref, 18,

The karshazll Geates

W.Lelarshall, wejor, Corps of Engineers, U.S,4.,
nade several contributions to bear trap gate design, He
patented his 71 and 72 gates about 1895, (See Figs., 11
and 12) Comvared vitn tine Parker gate, tuese gates differ
essentially in that they fold out from,ana not into the
charber, These gates introduce several new problems in
forces, The size and the dimensions of the gates can be
made sucn that tne forces will do away with the necessity
of stay-chains or stops. Lr, .ars:nell anu his assistant
discuss tne theory of thiese gates very freely in tneir
repcrt found in Ref, 19,

Referring to the defects of the Cld Eear Trap gate,
it is found that the two liarshall gates mentioned above
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Dovmstream view of the "Lang" bear trap
gates at the Geddes Plant of the Detroit
Edison Company. Part of an emergencv
spillway is showvn at the right,

Dovmstream view of single gate showing
minute flow trickling over, As can be
seen in the picture at the top, very
little leakage gets through these gates.

o —
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Left: View of dowvmnstream
valve control wheel at
the Geddes Plant. The
small motor turns the
wheel, A button-switch
in the power house
controls the motor,
The upstream valve
wheels are shown in
the backround. They
are for emergency use
only as pressure is
usually mainteined by
water entering the
chamber between the
idler and the upstream
leaf,

Below: Downstream view of
gates showing valve
wheels,
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have eliminated (I,II,III,IV,V, and VIII),

A tnird warshall gate is snown in Fig, 13, This
gate is not fully automatic as it must have auxiliary jets
of high head to raise the gate, due to bacxwater.

The result of an attempt by ir., karshall to improve
the 0ld Eear Trup, withicut too much alteration, is showm
in rig, 1l4. The special hinjed roller device eliminates
defects (II and III), The dash-pot like connecting rods
eliminate defect (IV). The proper distribution of water
by several mains eliminates defect (V). The short idler
practically eliminates defects (VI and VII), (See Ref, 19)

The Jones Gate

WeAe.Jones, Lieut, Col., Corps oi Engineers, U,S.A.,
shows in Ref., 19 a design for what ne terms a ®"Reversible
Weir with Short Base", It is reproduced in Fig. 15 of tuis
paper, It is a series of gates tiiat fold up in a very
compact way, thus requiring a very small base, in compar-
ison with other gates, for the amount ol head taken care
of.

The Jones gate nas defect (VII), and lucks simplicity,
For conditions that demand a high head ana a short base,
this gate might be acceptable; but for otner conditicns somne
of the simnler gates are best, &8 simplicity is a key-word
in engineering,

For brief repcrts on bear trap gutes see Refs, 4 and 9.

Tzinter, Sector, anud DJrum Gates

The Teinter gate (o forma of sector gate) is a VETY
comionly useu gate, It is not an autonatic gate, but perhaps
could be madic so by appylug scue of tne principles tuatAw1ll
ve developed later in this paper. (5ee heading “A Few Auto-
matic Crest Gate") - '

The so-called sector gatec has 1ts curved.face dovm-~
stream, Fig, 16 suows a set-up for an automatic septor‘gatg.
(See Ref, 25 ) A snort explanation with sowe of tine thecry
of tnis gate is as follows:

For purel, cutomatic actiomn, the gate valve‘is_clo§ed,
the inlet valve adjusted to a desirea opeéning, and tne.fx?gt
adjusted to a desircu elavaticll. The gate will Fn?n maiptaln
the desired water level automutlcalxy, by ?15195 ufen tqe”
sipnon is broXen and lowering wnen tae slipnon Eitorz?itlnd.
The gate can be operated as a druw gate by an ? igi: b e
gnrough the use of itne inlet and gate v§lv?s. bg'r L3 et
they are operated the same as tne valves ol a a an &
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General view of Tainter gates at Moores
Park Plant in Lansing, lichigan,

——

A close-up of one of the above gates.
Note the light wood construction, making
the gate adaptable to the principle of
Part IV of this paper,
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The gate is designed to xeep its crest above water
until fully elevated, providing P, is due to the head up-
stream, Backwater pressures have no affect upon the eqilib-
riua of the gate, as any water pressure on the curved face
must act through the axis, The siphon is capable of varving
P5 as much as the eguivalent of 6 inches of hezd in eitner
direction, This variation is sufficient to raise or lower

tne gate. The caisson (cross-sectioned in Fig, 16) has a
drain pipe in it, This mey be used to muke small variatious
in the weisht of the gate if necessary, by leaving it open
or closing it,

The fundamentals of the hyarwulic design of this cate
are somewnat as follows:

Let & = The leakase from tue pit, (+or =)

Let Y = The water discrnarged by the siphon,

Let D = Displacement (The flow in or cut of tihe pit
due to the movement of the gate) (+4or -%

Let Q = The water passing the intake., (Subscripts

are used for various directions of movemcnt, )

For lowering the gate:

QL= S+ Y- D
For holding tne gate down:

Go = 8+ X
For raising tane gate:

e = S+ D
Assuning D is epproximately the same in both cases:

Y = 2D
Therefcre: &L = &3

If tne effective head of the siphon is known and its
efficiency is vetween 40 and 50 percent, D can be assumed
and Y computed, Therefore for certain assumptions of §, tue
value of g or gz can be figured., An operating chart can be
made coordinating the adjustment of the two valves with the
adjustment of the float. Thereby water can be maintained in
the pond at any desired elevation by the coresponding adjust-

mente

Tne drum or pontoon gate originated back in the time
of the early bear trap gates, in fact the Irunot gate (See
Fig. 17) was intended as a bear trap, but developed later
into a pontoon gate. (Sece ¥ig. 18) iiany varieties of the
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drum gate have been designed, but they all work in a
similar manner tc tne Brunot gate snowvn in ¥Fig:, 18, Tiie
principle of the drwa gute is siwnple, Instecua of tic
lifting force being mostly prescure froii the head upstrcam
as in tne case of tne bear trop gate, it is tuat pressure
plus a buoyant force due to the low specific gravity of
the sate. Cne gocd feature of the gate is the fact tunat it
is all in onc unit, anu does not have a lot cf secparately
1moving parts,

Flashboards

Tne flashboard is an auxiliary gate used for
octaining additional heaa on tne dame, It is usually naue
to break lcose or trip iif a certain height of water is
surpassed, Some of the tripping types or flasnbcards nay
be classed as autouatic gates,

A flashboard of thne type illustrated in Fig, 13 is
automatic., It is ninged below the lowe: tnird pointof the
gate; thus tne water pressure trips it at a predesigned
elevation, The handicap of such a structure is that it
leaves too rwuch obstruction in the path of the water and
therefore is nct good for use on streams containing any
debris or having any ice runs, The gate is raised or set
up again by an excess of weignt in the lower part of the
gate, wvhich acts after the high water has subsided,

Better arrangements are tne two Swiss gates shown in
Figs. 20 and 21, Thnese gates offer less obstruction vhen
they are tripped. Counterweights return the gates after
high water has subsided., (For more detailed information
on automatic flashboards,see Refs., 17, 23, 24, and <8,)

Rolling Gates

Cylinder Type

The rolling cylinder is usea a great deal for gates
to be used in wide shallow openings, The cylinder is able
to withstand the stresses of wide spans without being too
heavy a structure, It is easily heated for ice conditions
a8 it is an inclosed affair, The rolling principle also
maokes the gate lignhnter-to lift, as a component of the
weight is supported by the inclined rack. J.E.Jenkins of
New York, patented an automatic roller gate, but the
author has been unsuccessful in obtaining a description of

it.
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Shutter Type

A modification of tne roliin; cylinder is the
rolling sector or shutter, This gate is used where a
complete cylinaer would be to lurse to haendle or reguire
too much material to build,

Siphon Spillways

The siphon syillway is a purely autcaatic device for
maintaining ti. aesirea water level on a pond, If properly
designed and cpustructed it will operate with very smaell
variaticns in the water level, It nas practicel liunitations
hoviever, sucin as tue use of a suction neau of no greater
thon 25 feet (54 feet thcoretically), Its construction is
rather expensive due to tie form work necessary., It is not
tne best sort of & device for the colder cliwates, as it
guite readily clogs withh ice, and therefore requires more
ecguipment for tae preventiocn cf sucad clogging. Tne siphon
spillvizy gsives an increased discunarg;e over tnat of tne
ordinary spillway or vicir, It is a very effective device if
used in plants where tne conaitions wake 1t rewdily
adagtavle, (For an illustrative description of a modern set-
up, sce xef, 27.)
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PART II

Ice, Ice Troubles, and Remedies

Introduction

In treating this subject, it will be divided into
two parts: First, a short explanation of the various forms
of ice and the difficulties they present, Second, some of
the remedies used at the present time in engineering
practice,

A thorough analysis of ice and ice conditions is out
of the question in such a short paper, especiallv when this
subject is onlv a part of the intent of the paper., However
the high points will be touched upon, and the conditions
affecting gates will be discussed in more detail,

H,F,Barnes, Associate Professor of Physics, at LcGill
Universitv, lontreal, has spent a great deal of time in
study and in research work on ice, His results are verv
helpful to the engineer contending with ice conditions, and
may be found in his text and other writings., (Refs, 14 and 135)

The four principle types of ice that the power plant
engineer must deal with are; frazil ice, anchor ice, sneet
ice, and frozen leakage,

Ice and Ice Troubles
Sheet Ice

Sheet ice occurs on the surfaces of the bodies of
watexr, As the weatner grows colder, the cold surface waters
sink and the warmer waters rise, This process reaches a
limit when all the water has neared the freezing point, As
more heat radiates from the surface, the surface freezes
into a sheet, This sheet becomes thicker as the heat con-
tinues to radiate from the water, Sheet ice is found mostly
in quiet waters such as ponds, lakes, and the slower streams,
It usually ranges from a few inches to 3 or 4 feet in thick-
nesgs,

Sheet ice is casier to handle than anchor or frazil
ice as it is on the surface and is not so difficult to get
at, Sheet ice is often desirable, as it prevents the forma-
tion of the other types, The sheet tends to quiet the waters
which along with the heat of friction under the sheet pre-
vents the frazil and anchor ice from forming, If the condi-
tions are very severe, any additional ice forming will do so
in the way of thickening the existing sheet of ice,

Tne main difficultics encountered with sheet ice are,






the pressure exerted against the gate, and the ice break-
up in the spring. The pressure is usuully the greatest
sorce of difficulty, and has been known to break gates in
several instances, The spring break-ups causing damage,
where the ice runs out of the ponds, are only found in the
more flashy streams, Ordinary conditions are such that the
ice melts or rots in the ponds for the most part,

Frazil Ice

Frazil ice occurs in rapidly moving or violently
agitated waters. It has needle-like crystals and is a
slushy formation. These crystals, according to kr., E.L,Burd
of the Consumcrs Power Co. of Lichigan, are "ready to seize
upon and matt over any object in the current where it may
slow down.® Frazil ice has been knovm to be as much as 20
or 50 feet deep or thick; sometimes completely filling
portions of the pond or stream. (See Ref. 14)

Frazil ice presents cne of the greatest difficulties
for winter cperation, It masses behind the dam and gates
and thoroughly clogs any moving parts by adhering to then
or wedging in them, In severe cases it prevents operation
for a period of timke until the ice can be removed, thereby
endangering the plant, the dam, and any property or lives
below the dam, should high water come on suadenly,

Anchor Ice

Anchor ice, as its name indicuates, is found at the
bottom of bodies of water, It forms about objects wanichn
have become chilled, such as stones, metal, or concrete,
This formation differs from frazil ice found submerged, in
that it is very hard,

Anchor ice is thougnt by some to be more troublesome
after it has broken loose and floated to the surface, but
in general this is not true., Wwhen on the surface it can be
treated like broken sheet ice, but when submerged it
presents difficulties of an entirely different character,
It forms about the sutmerged parts, especially the metal
ones, and prevents their movement, Being very hard, it takes
rmore hest to melt than frazil., It is anchor ice that forus
what is knovm as the "ice-gate" in the very cold climates,
(Ref. 11) A thick layer of ice forms bchind tihc structural
gate over its whole depnth, ter the uctual gate has been
broken free and raised, the ice gate reumuins makin«t it
imposible for the water to pass_througzn, This igb‘gatehhas
peen knowvm to remcin for several hours before giving wWaye






Frozen Leakxege

_Considerable difficulty is encountered witn gates
freezing tight, This phenouwena is often caused by thne
freezing of leakage about such parts as guides, hinges, and
movable parts or joints, According to kr, Burd, it is
almost impossible to seal the gates so tight that there is
no leakage whatever, "There is always some small leakage,
and in the course of several months of freezing weather
this accumulates so much ice on the gates and so effectively
freezes them in positioan that to 1lift them is impossible
without removing at least a part of the ice and doing some-
thing to break the seal,"

Remedies for Ice Troubles

Explosives

The use of dynamite or explosives in fighting ice
conditions is often necessary in sheet ice jams or in
excessive formations of frazil ice, lr, Barnes has
experimented a great deal with the use of “tunermit" in the
place of ordinary explosives, His results can be summarized
as follows: (See Refs., 12 and 20)

Thermit is thz trade name for an exothermo
mixture of aluminum metal and iron oxide that is used
ordinarily for welding. It attains a temperature of
from 2500 to 3500 degrees centizrade a few seconds
after ignition, but only has a heat content of around
1570 B.t.u, per pound, Altnough the heat content is
low, thermit is very effective due to its extremely
hizh temperature.

Once ignited, the molten iron decomposes the
ice (H:0). The iron unites with the oxygen, liber-
ating the hydrogen which burns in the free air
causing a slow explosion which helps to further break
the jam,

The explosion mentioned is the slowest explosion
knovn to Lr, Barnes, It i3 so slow that it is nct
injurious to structures in immediate contact, and it
will not harm the fish in the pond or streaxn,

Heaters and Blowers

One method of fighting ice at the gate proper is the
installing of an electric or a stecm heater, supplemented
by an sir dblower, in the gate, Unless tne gate 1s noused in,
this method is not economical as large (uuntities c¢f heat



17,

are lost, This method is quite @pplicavle to Tainter,
roller, and sector gates, It secws as if it wight be used
succesefully in drwa or pontocn gates, if not already tried,.
If a steam heater is useu, it is usually supplied furoii the
powver house heatinz unit, and does not reguire any special
unit of its cwme. Tuie followiing are soie roeinarks toeken from
a repor§ of tne Nationzl Electric Lisht Association, (Sce
Ref, 13

l, This method works well aloue,

2, This mctiod can ve overated (electrically) with
16,0 watis ver sq, ft, cf gate area, and
maintein e teuperature of better than o2
degrees fanrenneit,

3¢ 4Alr circulation is essenticl for the econcmic use
of thie heat.

4, The gate must be noused in if not of a hollow
type for the economic use of the heat,

5, Where there is a series of gates, omly the end
gates and possibly a center gate need be heated,
as tne currents caused by these gates being
open, will soon have the otiler gates operabvle,
(Tnis statement appies to all heating systems,)

Heat Filaments and Heat Lines

The installation of electric heating filaments or
steam lines in the embedded parts, such as guides or seats,
is often a very effective method of coubating ice hazarus.
This method is used where comparatively thin gates, such as
sliding gates, are found., It is also applicable to bear trap
gates, by installing; tne¢ electric coils or steam tubes just
under steel plates in the sides of the peirs along tne lines
that the gate edges assume in the most frequented winter
position, (This is usually with tine gate fully raised,) The
coils or tubes are also very effective when ianstalled in,or
near the upstream and downstream base hinges, especiallv the
downstream hinzes. The use of electricity or steam as above
described is very effective in preventing the lcakage from
freezing on strategic parts., (Ref, 11)

Compressed Air

The use of compressed air to prevent ice from for@ing
on the face of the gute is quite successful., The following,
concerning the same, nas becn stated by kr. Burds " A very
slight current of compresscu air next to the pottom of a
gate, of merely sufficient pressure to cause it to escape
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will set up sufficient circulation of tne water so that

very little ice forms on tne face of tine gate. This is cuite
an econonical ana effective metinod, and has been used
extensively on tne St., Joseyn River anu on the kenoizinee
River. Both thne equipment recquired and the cost of opcration
are very roderate, This plan does not, however, kecep ice
from forizing on the downstream face of tinc gate aue to
leakagze past tne seal,"

In tne report in Ref, 11, there is menticned tne
practice of electrically heating the eir before it is bubbled
out into tue wviater, In a suvmwiary 2iven in Ref. <&, a wmetncd
of using neuted air frowm tae generators is aescrived. 4lso
an A.5.C.&, report, founa in Hef, 10, contuins imformation
cn the use c¢i wvarm cuaapressed alr for preventing ice-tnrust,
(Ref, 10 containg cuite an exteusive bibliosrushy on icz
conditions. )

The LeZ.Llea. report (nef. lu) auvises s inst the use
of the compressed uir system by itself, except in rare
instances, They fiad that it is not suificient to meet tie
situation exceyt a:z en auxiliary unit to some otuer neating
system,

Ice Prevention vy Crientaticon

Tne following is frowm a letter from lxr, Zurd:s "It
makes a good degl of difference vwnich wey tne gatles face;
that is, if thne pond is on the nortnerly siae of tne gates
tnen tne gates get the full south sun wna this helps in
keeping tuem free from ice. Tnus, tne orientation ci tne
dam warrents careful tnousnt if it is to have an exposed
gated spillwey." Tnis is a gocd point to_keep'in mind if
designing a power prcject, in a climate where 1ce must be
contended with. Often in tne preliminary survey several
prospective locations ere ccnsiuered, and eliminated one
by one until tuae best remeins. If tne sirean 1s o winalng
one, tne direction of the sun plays an important part in
the elimination of possible sites.

Undersluices

The proper usc of tue undersluice is gdvantggeous to
a plant confrouting ice conditions, If the inlet is wcll
under the surface, it will not be subject to ice unless wn
extreme case of frazil is encountered, There are two reascns,
usually, why a system of undersluices should_not,be pu;lt
to do away with all the otner gates. First, is the hign cost
of the concrete form work; second, is the fact that such a
system would require a very elaborate arrangement of f%oats
end undergates to kecp the water at a constant level, Hov=
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ever, tne undersluice works well a3 a means cof passing an
ordinary amcunt of webter wulle tae jSotes are ovelin; freed

frcem ice, This is a safesuard egeinst a wasnout wien nigh
water unexpectedly catcnes a plant with frozen gates,

The Use of Cliieniicals

Citen @ slight cnenge in teuperature cun reverse
conditions; that is, czn destroy tie ice just enouglr to
meaie tlis gates oucrakle, Thils is especially true vitn
frazil ice, However, insvecad of raising tne temperature
by one oi the zforesaid necating systems, it is found cuite
convenient, somectinmes, to lower tue freezing pointe. This
is dcone Tty distributing certain cnemicels ovexr the ice
around tne gates, The following have bcen found to work
quite satisfuctorily in rotting tune ice: socdium cnlceriae,
calcium cnloride, calcium carbide, cruae sulphuric acid,
and crude hydrochloric acid, These cheuwicals can be used
to a still better advantoge il mixed witn sand or gravel
before applying. Tnis will draw the heat from the suns
rays. (See Ref, 20)

Cnopring Out and "Cracking"

In many cascs it is impoussible to spenda money on
heating ecguipment, especially if tne plant is a small one,
If labor is cliceap and easily available, tue gates can be
kept chopoed out. In severe weather chopning is neccssary
in a smell amcunt at plants having heatin;; systews,

A method of avoiding wmucn oi tnis undesirable labor
is xnovm as “cracxing" tune gate. The gate is opened a small
anount and cracked free vhenever tne ice begins to get a
hold on it, In severe weathner tnis has to be done as often
as once a day, The gates best adopted to such procedure are
the automatic gates as they require no expense or labor to
operate, Thus, the automatic gate, especially the bear
trap, fights its own ice conditions and is kept free to
operate without a lot of auxiliary heating equipment,



PART III

Conclusion

In tnis conclusion, t:ae ice conuiticns ang trne methnods
of combating ice difficulties will be classifiea, ani &
cirart will ve presenteud, This cuart is for the purpoze of
helping tne designin; engineer muXe nis choice of z gate,
frow tie stancgpoint oi aducd cost invelved in overccming ice
difficulties,

Conditicns

AS stated before, tne condition of leckege is alvayc
present, It may te cut dcwn ccnsiderable by the proeper use
of sucn devices as felt or rubvrer scal strips, rubber
compound in tne hinges, or tne “"steunciing rod," (Ref, 24)

Taus, thz possible ice conditvions way pe divided into
two classes, both conteining leaxase. They are as follows:

I, Tune open forebay, including;
Leakage
Frazil ice
Anciioxr 1ice
II. Tue closeu forebday, includiilg;
Lecioge
Shect ice

Combat Lethods

In the preceding part of tunis paper, 8 specific
metnods of conbcting ice were presenteu, Thney wile e
listed below for tne convenience ol referring to tuem, ana
for expense comparisons., A uinth itcwm vwill be adaed to the
list for reasons to appear later,

The expense that is under ccnsideration is tne added
exnense of fightin; the ice, and not the initial eXpense of
the gate and foundations. This added expense is of two types,
initial installation cost of extra equipment, and operation
cost of this equipment or any destructible materials,

1, Use of explosives éHas operating expense)
2. Heaters and blowers Has initial expense and
operating expense)
3, Heat filaments and (Has initial expense and
heat lines operating expense)



4, Conmpressed air

5, Orientation of dam

6, Undersluices

7. Chenicals
8e Cracking

9¢ Extra equipment to
prevent formation
of ice in valves,

<l,

(Has initial expense and
operating expense)
(kay or may not cause extra
expense)
(Has initial expense, and
possible operating expense
if power driven undergates
must be operated)
éHas operating expense)
Hdas operating expense for
non-automatic gates, but
NO EXPLiSE for AUTOLUTIC
GATES)
(Has initial expense and
operating expeise)

channels, and cham-
bers
Chart
CONDITICNS
OPZN FOREBAY CLCSZD FORLBAY
GATZS rrazil
Leakeg;e & Leakage Sheet
Anchor
Non-automatic
sliding gates 3 lor 4 3 4
Automatic
sliding gates 8 1&9 8 8
Rear trap gates 8 & 9 8 8
Non-automatic
Tainter, sector,
and drua gates d 1l or 2 3 2
Automatic sector
and drum gates 8 &9 8 8
Rolling gates 2 oxr 3 1l or 2 2 0or 3 2
or 4
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Cile

The purpose of the chiart on the preceding pege is not
to point out wnich is the best gate to use, It is to be
used as an &id in chocsing a gate for a given project,
giving due consideration to the added expense caused by tue
provisions necessarv for overconmings ice nezards, The nwibers
refer to tne list of metnods on pages 20 and =2ls The gates
used in the chart do not make a complete list, but are sone
of tne most comu.on types from tne ice standgoint, The
rethods indicated for the various gates and conditions are
susgested as to vitat wmisnt be tne best under tne circunme-
stances, There may be exceptions wnere the sugsested methods
will not hold,

Conmaents

From the inspection of tue churt, it can e concluded
that in gerercl automatic gates are best for closeu forebays
and non-automatic gates are best for open forebavs, Tnis is
only so far a3 ice costs are concerned, There may be otucr
costs, suca as ithe cost of the gate proger or the foundation,
that would mcxe it adviszaitle to use « gate of higher ice
expense,

The orientation of the dam (melnod 5) may maxe it
possible to operute without extira methouds for combating
leakages If toz climcte is not toc severe and this is so,
the arrangement as given in the cunart will be some aifferent,.
This snould be coasidcred wien chocsing tne gate,

Undersluices (uethod 6) can be ccnsidered as a
precaution to be used vith any gate {or tiie more severe
conditions, It therefore does not effect the choice of tae
cate very much, It should ©be¢ considered, hoviever, tefore
tne finel choice of the gate is made.

The use of chnericals (metiou 7) does not effect tile
cnoice of the gate very rwcein, but may be uscd to advante e
in meony situaticns witn prectically eny gete,

It is well to keep in mind that a combination of gates
migzint be the solution to the ice problcem at sone particular
locaticn, It has been practice in some of tne idchi:an
plants to use a group of several Tainter gates. Cne or two
of the end Tainters would tuen be houseu in and heated, This
of course is adued expense, and it might be feasible vinen
designing a project to install an eautoumatic gate in place
of an end Tainter, This principle might be applied to otuner
situations, (The credit for tnis su_.estion should go to
r, Burd,)



PART IV

A New Auto:atic Crest Gate

Operation and Discussion

The purpose of presenting the following few pages
of discussion on a Hew Automatic Crest Gate is mainlv to
illustrate a principle of automatic gating, For this
reason the drawings are not dctailed and contain just tne
necessary features to aid the discussion in illustrating
the previously mentioned principle, The tneory given is by
no means coaplete, although it does give sowe idea of wvmnat
forces must be considered in the design of such a gate,

The gate as shnown in Fig. 22, is a purely automatic
gate. It snould operate entirely under its own power if
properly installed and reguvlatedy,

The water in the upstream pona is &lways in contact
with the underside of the piston, It is intenced that the
piston be of such a size that,when the pond level is at or
above the spillway crest, the pressure on the underside of
the piston will raise the gate, The gate will then remain
up until the pond level excecds a predetermined elevation,
Tnis elevation is determined by adjusting an overflow box
in the peir, When the water overflows into this bex it
exerts a pressure on tac uppersidc c¢i tne piston by tae
way of an cverflcw pipe. Tuils added dovnwara force causes
the gate to lower, Tne piston, on its dovmward journey
cpens the outlet cover, (iig. 23) The ocutlet pive is
smaller than tie overflow pipe, therefore as longz as there
is overflow tne gate will rencin down and allow vatcr to
go over tne spiliway, vien tnz roud nes subsiged aczin to
the desirea elevation, tae overflow will ccase, The weigut
cf the water flowing over the crest will hola tie gute
down until most of tie water above tiie piston leaves the
chaxber tnrou_n *tne outlet pine.,,At & ccrtain preaesigned
point tie wpwara water pressure will egcein dominate and tae
cate will rise. It will rise all tue way, despgite tae snall
amount of water remainin; in tne overflow pipe, because as
it goes up tne weignt of water flowing over tune top ol tne
sate decreases, thus lessening tiie totel of tne aovnwerd
forces, (vwhen tac piston goes up tne outlet cover springs
over tne outlet, thus greventin: the vweter under the piston
frowm leaving the chauber. )

The tendency of tne guts is to Kecp tue pond at @
desired elevation, wiicn is usuelly at a point on the same
level wvita tae toy of tuoc gate vhen 1t 1s up.
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Theory
Yey to Symbols

W = Wei nt of zate, piston, wna rod in 1lbs,
w_= leliht ol gate in lbs,
SA = Arez of Jute in sg. ft,
vip® welsnt of roa in lbs,
w.= Wiei_nt oi piston in 1lbs,
F % Friction of :ate, piston, and rod ia 1bs.
{ = Fricticn of gate due to water nressure in lbs,
U = Upwara water pressure on piston in lbs,

d = Siameter of pistouw in ft.

h = heaa on piston wvinen up in ft,

b = Distance gate moves in ft,

a = Weignt of cu. ft. cf water in 1lbs.

T = vovmward torce due to spill-water iu lbs,
D = Downwaru water pressure on piston in lbs,

ny= reau loss in either pipe in ft,

rpy= Radius of piston rod in ft,

Condition of Raising Gate

The minimuwn U (Ugip) waich must raise tiie gate is
wien the nond level is even witan the spillwey crest. 1lne
greatest U (Uysx) is when the pond level is even with the
top edge of tne overflow box., The latter conaiticn is tne
one to design for as the downward rorces to be overcoue
are greater due to the weight of tne water flowing over
the gate,

Tnerefore the condition nccessary to enabvle the gate
to rise wvhen tne pond is at the desired level is:

®  Unax > ¥+ Fpax+ fmax + Tuax + 11

Condition of Keeping Gate Up

Wnen the gate is neld at rzised position, tue only
dowvnward force is W, and the only upward force wmay be as
)
small es Ugyj, ~ Ti<ba/4

m. - ~ f . U vy ﬂd 2ba
Therefore: ain > iie 3
mi<ba

® or: Vpex D W 5
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Condition of Lowcrin_ Fate

ﬂ «hen water begins to overflow, tne force W is aidcd
by tre new force D and the gate lowers. Taec OL0Sing up=-
ward forces are U,F,f, aud hl‘ The conditicn for lovering
is tnereforsz: -

A Din D Uint Fax+ o+

© Or: W*Diex > Uox ¥ Puax t flax +1q

(Individuzl forces will be explained later, )

Conditicn of ZXeeping Gate Towm

Tthe forces tending tc kcul the pate dowm are w, 0,
and T, Tnie only upwaru force is U, runerefore tue
cenaition is:

ve - =T r
@ Ox: Saax 2 Uaux T o =lhex

Suciary of Condaitions

In order to nuve a _ate wnien will opcrate in tne
rignt wvay, tre four conditicns of expressicns 1,x,9, and
4 must te satisfied, It is obvious that a value of U s
larze enougn to satisfy expression 1, will be lurje enc.si
for exporession Z, Ll“Cdlge the value of L x nust te
found from expressicn & in order to satisfy botn exoressicn
5 ana expression 4,

Tne unper area of the piston is smzlier tiian the
under area vecause of tne piston rod. Therefcre:

Upox ™ l@y+ﬂr(h+b)a

substituting for Uggx in expression o

- < - X .
" +Dxuwx > JLICLX +ﬂrr(ﬂ "‘b)d+ Fma.x+ fma}:'f'ﬂl
Therefore:
® WD F o+ f . #h +arZ{n+b)a

Tnis condition will otviously ve so unless thne gate
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is counterweighted., Tunerefore, if tune value of U, ..
satisfics expression 1, all four expressions will wve
satisfied. (Lxpressicn o sets a very Jdefinite liuwit on
tne use of tune counterwcight. )

In order to evaluate Upgeyx, eaci of tuc terms on the
rignt must be deterrined, Apparcently tiis is not too
simple a matter and requires muchh of thae design deteiling.
Therefore the terms will only be aiscussea briefly in tuis
LApET,

The Weight ()

The weight of tane gate depends on tue type of gate
used, Tnnis weight can be accurately fisureu wnen the gate is
detailed, For a rough estimate, thne formula for Stoney gates
given in Ref, &1 may be converted to tihne english system
civing the weight in 1bs,

g = 24, A +,04484°

The weight of the rod is easy to aetermine when tne
length is knowvn and the approximate load on it hus been
found, An empirical formula would pernaps be some constant
times some power of the lengtin:

Vip = k(h+ b)x

The weignht of the piston will pernaps have to be
assumed, as the diaumeter of the piston is still unxknown.
This weight varies as a constant times some power of the
piston diameter:

vy = ka*

Tue totzl of the downward weights is:

W = Wy +Vip + Vi

The Friction (F)

Tnis friction is due to the piston rings, the rod
guides, and the gate seals, It cannot be figured very
closely until the design has been detailed, If assumed, it
should not be more than a few hundreatns of W, as the
frictional forces are parallel to the weignts, Careful
design and constrition snould practically eliuinate tnis

force, (F)






Tie Friction (1)

This fricticn is due to tie orescure of tioc wieter
aseinst toe sote. It varics witn toe aecunt or pale areg
exposew to tue witor, wita o Steuey tyoe _ote hiavii o
relier train, it should not excecu: )

[ o=, 0L

Water Over tae Fute (1)

Tniz force voeries fron zZ.1rc to orie of consiverable
muonituaz, It is quite tiportunt in oocrating tac gete., It
is Jreatest vdcn tue gatc 1s dcvil aad tue wWatelr i3 Jusi
ceudca cveriloving into tuc overilow nine, T is euual to
tie welgat of tuwe weter dircetly over wue wie, thnereiore
tie toilcaness ol wie gate 1s guite laportanite Cuviously, T
carnmot we deterneinea until the lengtia, tnicxness, and rise
of tne gpute are kKnowm.

The Hecu Loss (hi)

Tue neca loss of o wliye varivs with tne sqguare oi tie
velocity. Tac velcocity need nct be very niga to operute
tiiis isave, tinerefore ithe lcss csnoula be very small, with a
gocd choice cof pipe sizes, tae loss snculd ve less taan
.02ft., anu tiierefcre cculu e neslecteu in tine uesiju of
tn: _13tcile

Tne Up.rd weter Pressurc (V)

Tuls _ressure is due to uile aydro=-static head ol tuc
pond. It is & mexiiwl wuen tue gate is dovm and decreuses
as the gate is elevabtcas A lictle stuwy of »ig. <z wils
bear tiis fact out., Tune formulas for Ugx anu Uy, ared

ni<(h+b)a

-

U.nx =
o
®o“na

U

111, =
Jdidal 4

All tnc values except 'a" can be dectersineu wlong
with tune terms on tne right side of expression 1., ianere-
fore®d"cail be solved for,
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Remzrks on tne New Automatic Gate

At many installations of autouwatic crest cates of the
Stickney type, tne available head is greater than that used
to operate the gate., This requires a very laris surface to
apply the pressure to. In the new gate just presented, this
area is reduced considerably by the use of a lung rod and a
piston which make use of most of the available head., Tuerc-
fore for high heaa (30 to l0uft,) develouments, tae new
gate should be econcmical as trne pistcn would not have to
be so verv large.

Tne new gate us shovm, snould work quite well in a
dam sucn as tne Calderwood am, (kef, 1) It should not cost
more and perhaps not as umuci as it eliminates two gantry
¢ranes and tuneir accessories, Tne present set-up at tne
Calderwood Dam reguires two or three hours to .open or close
all the gates,and uses considerable pover to run the cranes,
This new set-up would maxke it pcssible to open or close all
the gotes in a few ninutes, and would require no power
other than that furnisned by the water itself.

The new gate as snown in Fige <2 would not be very
economical for very low heads, (o0 ft. or less) The reason
is that it would require toc lar_ e a piston. hoviever, if an
arran;ement of counterweights is added, the size of the
piston would be greatly decreased, and the gate will nave
a more practicel aspect for low heads, Tuls audition of
counterweignts reuvuires guite a litile study to determine
just vhat they shculd wei_h. (8ece expression J)

The adaitional expense for form work recuired for the
New Automatic Crest Gate snould not oe very reat. Tie wiorxk
consists cf a rectanjulur tunncl, some gate pits, aad
cunaznnels in thne peirs., The pioe can be laid wita wie concrete,
Ci course the strengtn ¢f tae v must be conslucred velore
desigring sucn openings in it, ror tnis reascn tae wvilcle
idea risnt wor:x cut better in a hellow dan,

Couparing the cost of thne news gate wita otiicr gotes,
votin autcnctic ana non-autciatic, woula wve cuite an under-
taking, and is out of the cuestion in this pager, Tne new
cate, however, can be placed in thc class o tnc ctner
zutomatic ~ates, end is thercefore adventazeous for ice
cperatiocn due to its ability to “cracx." (Auxiliery velves
on ihe WM inlet and cutlet pipes would moxe the gate
oversble in a similer meunner to tue beer trap cabes. )

It may be possitle to adapt tne principle of the
“siston" to the moudern Teinter guti. A simple sliding con-
necticn of some sort wviould be necessary to verrnit tihe rou
tc move verticelly wihiile tane gate swings in its arc, Tue
overilow ripe and nmecunanism could be abolishea 1f aesircd,
and tne gate ozeratea by the previously mentionea auxilicry
valves,
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Trius, 1l tie princizle of tae “piscon® is woricile,
it will maxe possible an cutomatic Tainter gate, 3y the
use of tne auxiliary velves, o niniiun coount of aduaed
cyulpument is necessary. Tnis aaded eygulpment ney ncet cost
any mere trnan enclosing a Tainter jate and instellin, a
iectin; devices, viith such an autouatic gote tiie aavuntaoges
of a Teinter _cate mzy be had, ice may be overcome by the
costless opcrution of "cracxing, " and pover or labor vill
be saved in operating tne pate,

Tuk =230
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