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Abstract

A simplified, rotary fish screen and an automatic water gate have heen
developed for use in streams or hatchery recerays.

The rotary screen is designed to replace stationary, vertical screens
which become plugged with leaves, sticks, and other water-borne debris and
require periodic cleaning in order to prevent considerable water level
fluctuations. The rotary screen is self-cleaning; therefore, it eliminates
raceway water fluetuations amd greatly reduces the labor involved in cleaning
vertical screens. Its construction is simple, it operates for long periods,
and is readily porteble. It is not designed to replace large-capacity, gear-
driven rotary screens.

The gate is used in conjunction with a gear-driven rotary screen, and
is designed to open automatically during floods and pass water through the
screen and to close automatically and seal off the screen when the water

recedes to a normal level.
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Introduction

Rotary fish screens have been used to carry excess water past fish traps
at the Michigan Department of Conservation Hunt Creek Fisheries Experiment
Station since 1949. These gear-driven screens designed by J. D. Alexander
are similar to the Saunders inner-drive rotary fish screen described by
leitritz (1552a). Fish screens used in California were described by Wales
(1948), liales, ¥urphey, and Handley (1950), and Leitritz (1952a and b).
Rounsefell and Everhart (1953, pp. 197-210) gave genersl descriptions of the
types and uses of fish screensy Carbine and Shetter (1953) described the use
of a rotating screen with a weir in Kichiran; John (195h) proncsed & spaced-
disc type of fish screenj and Gihalls, Proshek, and Shetter (1955) touched on
some limitations of the Michigan gear-driven screen.

The gear-driven screens used at Hunt Creek are well suited for passing
water in the Station's main stream (Fig. 1) where they are vermanently
installed, but operate only during periods of hich water. They are not
suited for use in raceways because constant operation results in frecuent
breakdowns and high maintenance costs. Also, special lifting devisces are
required to handle these hesvy pleces of equipment. The simplified rotary
screen (Fips. 2, 3, and ) is not intended to replace the gear-driven one,
but is designed to replace the vertical screens in the Steationts raceways
whers the volume of water flow can be repulated with a by-pass, and where
a portable, lightweight, easily maintained screen is desirable. Vertical
screens are rapidly clogged with debris, which disrupts the normal flow
and results in unnatural stream conditions in the raceways.

The automatic water gate (Figs. SA, 5B, 6, 7, and 8) was developed to
be used with the gear-driven rotary sereens. The gear-driven screens are

used only during high waterj they are not used during periods when water




Figure 1,
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Figure 2.
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Figure 3 =The 12-vane model of the simnlified rotary screen operating
in a Station receway in Jamuary, 1956. Roller seal not attached,

front shield shown.






Figure L .—Upgtream view of the 12-vane model of the simplified rotary screen,
showing the position of & vane filling with water and the fall (16 inghes)
required to operate the 2hwinch diameter revolving drum.






Figure 5..
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Figure 5B.
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Figure §.—Section D bulkhead, showing from the left & down-trap; a gear-
driven rotary screen behind an automatic water gate; an up~trap; and in the

slot on the far right, a solld water gzate ahead of another gear-driven

rotary.:






Figure 7 .-lpstream view cf an automatiec water pate (propped partly open with a stick)
showing the right weight fully enrzred znd the left weight disengaged

from the zate by a sescond cable.






-11 -

Figure 8.-An automatic water gate in the full-open positicn, showing the
chain supporting the open gate, and both weights engaged to close the
gate when the water level recedes to normal-——this gate is almost at the

closing point as will be noted from the slack chain.






levels in the main stream are normal (nommal discharge i3 23.2 c.fe8. at the
Section Z bulkhead). Prior to the development of the automatie water gate
the screens wers sealed off by solid, framed, sheet-steel gates (Fig. 6)
placed in slots in the bulkhead upstream from the rotary screens. ‘hen there
was a possibility *that the fish traps would be flooded because of melting
snow, heavy rains, beaver dam breakage, or other causes, a man was dispatched
to remove the solid gates to allow excess water to pass through the rotary
screens. To avoid flooding of the fish traps and loss of fish (Fig. 9),
gates had to be removed when high water came, night or day, fair weather or
foul, The water pate 1s desipmed to open antomatically when the water - l=na
to a deternined point above normal, and close automatiecally when the water
level recedes to a normal level. The rotary screen operates only when the

gate 1s open.
3implified Rotary Screen

(eneral deseription.--The simplified rotary scraen is sctivated by water

that passes through its upper one-half on the upstream side, over the horizon-
tal plate, and into the fixed vanes. The water retained in the vanes on the
downstream side causes a torque that revolves the sereen. Deflectors are
placed on the horizontal plate to cause the vanes to fill with water before
they reach the shaft level, thus adding to the revolving force. The vanes
also serve es driving paddles at high water levels. A full-scale model

(Figs. 3 and L) was in operation for 81l hours in the Station's raceways,

and for 215 hours in a raceway at the Wolverine Trout Rearing Ponds, Wolverine,
¥ichigan. Performance was satisfactory at both locations. ith the upstream
water level about five inches above the shaft, the screen turns at 11 revolu-

tions and passes 720 gallons of water per minute. Ice, leaves, grass, and



Figure S.—-Fish traps in Section 7 bwlkhead flooded by excess water

in *he main stream.
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small debris do not jam the sereen; however, large debris will cause Jamming
when 1t wedges between the screen and the roller seal, but the simplified
rotary scresn will pass any object that will pass over the Michigan pgeer-
driven screen.

The simplified rotary screen czn be built for ome-half the cost of the
gear-driven screen, according to estimates made by engineers at the Michigan
Department of Conservation Forest Fire Fxperiment Station, Roscommon, Michigen .
If aluninmum is substituted for steel in many of the parts, weight will he
considerably reduced. The steel model is easily handled by two men.

Detailed descriptione~—The design of the vanes is important to the »ro-

per functioning of the sereen. Caleulations must be made to insure that the
torqus exerted by the weight of the water in the vanes on the downstream side
is greater than the torque exerted by the water pressure against the vanes

and screen on the upstream side, otherwise the screen will revolve in the
wstrean direction or net at all. Also, allowance for friction frem bearings
and seals mst be made. If few, large vanes are used, an undesirable pulsate
ing action resulis and the screen is subject to Jamming caused by reduced
torque and glow rate of revolution at theeb point of the pulse. Reduced
torque and slower revolution result when the large, widely spaced paddles
reach a position where cne (or more) paddle is obstructing the flaw of water
on the upstream side of the screen, thereby radueing the water flow over the
horizontal plate and into the vanes on the downstream side. It 1s the reduced
volume and weight of water in the vanes at the ebb point that reduces the
torque and rate of revolution. Twelve vanes were tried first (Figs. 3 and k),
but because of the pulsating motion these were replaced with 16 smaller vanes
designed to allow the same volume of water to pass through the screen. The

vanes must be shaped to hold a maximum amount of water on the downward swing,
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yet empty rapidly as they begin their upward movement. The vane design
shom in Figure 2 is satisfactory.

The shaft is non-rotating, and 1s secured to the frame by set-screws;
the horiszontal plate is welded on top of it. The end-plates revolve on the
shaft on self-aligning bearings. A fall of 15 inches is recuired for end-
vlates having 12-inech radii.

The front and side shields serve to bring th§ upstream water level wp
to the shaft level; and, with the horisontal plate, serve to direct the
water into the vanes on the downstream side of the screen. The shields are
welded directly to the frame and must be constructed so as to clear the
bulkhesad when the screen is in plaece in the keyways. The aide shields alse
serve as a barrier to the passage of fish, so, if the frame fits securely
in the keywars, the side shields may be separated from the bulkhead without
loss of fish. The water exerts considerable force against the ghields so
they must be braced to prevent them from being pressed against the screen
and the end plates.

The purpose of the seals is to prevent the loss of fish. The fromt,
side, and top seals are made f{rom heavy-duty inner-tubes. The roller seal
is made of metal tvbing eovered with heavy-duty, reinforced rubber hose.
In operation, the roller seal lifts on end hinges to paas debris between it
and the revolving screen. The roller sesl and the itop seal are designed to
prevent the loss of fish should the water level rise above the upper frame.
Where possible, a framed, vertieal sereen should be placed in the keyways
above the rotary screen,

The rotary screen used at Hunt Creek is contained in a concrete bulke
head i feet by ! feet by 8 feet. Fach keyway is 2 inches deep. The rotary

screen ocuter frame is 51.5 inches long and 31 inches high. The revolving



eylinder is L8 inches long and its diemeter is 2l inches. Ths dimensiens
of the vanes (Figure 2, cross section) are: narrow lip, 0.5-inchs screen
side, 2 inches; vertical side, 2 inches; wide lip, 1.25 inches; length,
47.5 inches. The horisontal plate is made of sheet steel framed with 0.25-
inch angle steel. The shaft is 0.620-inch solid, steel rod.

Automatic Water Gate

General description.~The automatiec watergte is a barrier, placed

vertieally in a bulkhead, and at right angles to the stream. It does not
sxing on hinges but turms on a horisontal shaft, and when open is in a
position roughly parallel to the stremm surface, permitting water to flow
past it. The gate is designed to take advantage of the fact that water
pressure on an immersed vertical surface varies widely, and insreases with
depth (Randall, Williams, and Colby, 1929, pp. 107-126). The gate is
designed to stay closed at normal water levels, when the forse, resulting
from water pressure, againat the portion of the gate below the shaft is
greater than it is against the portion of the gate above the shaft. The
shaft must be placed below the center of the gate, besause the pesition of
the shaft (fulerum) determines what force (water level) will be required
to keep the gate closed, or to open it when the water level rises. The
gate opens when the increased force, resulting from higher water levels,
against the gate above the shaft exceeds the force against the gate below
the shaft. If the shaft were centered, forces below it would always exceed
those above it and the gate would remain closed at all water levels.
Counterweights are used to close the gate when water level returns to
normal after a flood. As the water recedes, and only a small smount is
passing over the gate (weight of water on gate is reduced), the weights



cause the gate to shut. iater pressure against the lower portion of the

closing gate assists in the closure.

Detailed description.-Proper dimensions of the gate are dependent wpon

the width of the bulkhead, water discharge, and permissible fluetuations in
water level. The height of the gate and position of the shaft are determined
from calculationa. A shallow gate works best where tolersble water fluctua-
tions are small, and a deep gate works best where greater fluctuations in
water level are permissibls and lsrge amounts of water must be passed. The
gate here described is 15 inches high by Ll inches wide. The shaft is

centered 3.5 inches above the gate bottom. It is designed to operate with

the normal water level 5.0 inches above the shaft. Tt opens when water level
reachss & point § inches above the shaft, and closes when flood waters recede
to a point 1.5 inches above the shaft. Force required to open the gate is
deternined by using data such as are included in Table 1, plus caleunlating
added force needed to overcome closing torque due to frietion and the suspended
eounterweights. At normal water levels the gate is kept closed hecause the
force of 106 poundals against the 154 square inches (3.5 by Ll inches) of area
below the shaft is greater than the force of 70 poundals against the 242 square
inches (5.5 by Ll inches) of area above the shaft.

To eliminate as much friction as possible the ghaft rotates on self-
aligning bearings——this is especially important to the proper closing of the
gate where counterweights should be kept to a minimum. The shaft is centersd
laterally in the inner frame to keep the forces caused by the weight of the
closed gate perpendicular to the center of the shaft.

The counterweights used to close the gate must be heavy enough to over-
come the weight of the gate above the shaft (acting to hold the gate open)
and frietion. Aetion of the counterweights is supplemented by the weight of
the gate below the shaft (acting to close the gate).



Table l.-Computations used to estimate the water level at which a 15- by
Llii-ineh gate will open with the shaft (fulerum) eentered 3.5
inches above the gate bottom.

Pointa on gate Force on gate Water level Forees acting to

Meame Tmimom| twast aw o om
(feet) (poundals) (poundals) (poundals)
0.08 I 0.00 37 0
0.17 8 0.13 51 8
0.25 12 0.21 65 18
0.33 15 0.29 78 n
0.2 20 0.38 92 L9
0.50 23 0.46 106 702
0.58 27 0.8k 19 96
0.67 - on 0.63 133 125
0.75 35 0.71 W7 1583
0.83 39 0479 160 195
0492 L3 0.88 17h 236
1.00 L7
1.08 51
1.17 55
1.25 59

15,08 £t. x 0.08 £t. x 3.67 £t. x 62 1bs./rt.3 x 32 ft./sec.? x height.
2me gate is adjusted in the bulkhead so normal water level is about 0.2
foot above the shaft.

3ne gate opens when the water level rises about 0.67 foot above the shaft.



If both counterweights are suspended directly to the gate as the right
countermeight in Figure 5A, & greater force (necessitating a higher water
level) is required to open the gate. To overcome this undesirable feature
the left counterweight is connected to a meccnd cable which 1s attached to
the outer frame. The left counterwelpght is disengaged when the gate is
closed. Operation of the left counterweight is illustrated in Figure 5B.
With a closed gate and a rising water level, only the right counterweight is
resiating the force that acts to open the pate; when the water level rises
to the opening point on the gate, the gate swings to the one-half open (45
degrees) position, and cable A engages the left counterweight and the gate
continues to open to the fullwopen position. Both counterweights aet to
close the gate when the water recedes. When the gate reaches the ene~half
closed (15 degrees) position, the left counterweight is disengaged from
cable A and is engaged by cable B, and the gate sontinuea to oclose to the
full-closed position. No counterweights are necessary if the gate is closed
manually. At Hunt Creek, only the left counterweight has cable B attached,
but, if necessary, both counterweights could be attached to a second cable
to permit the gate to open at a lower water level, and thus decmaae the
gver-all water level fluctuation.

If the gate is made of wood, heavier counterweights must be wsed to
overcome the buoyancy of the bottom board before the gate will close properly.
This buoyancy may be greatly reduced either by construeting the bottom cross
piece of the pate of angle steel (Fig. 5i) or by oonstructing the entire
gate frame of welded angle steel. The latter method not mly reduces
bucyancy to a minimum, but also reduses the total weight of the gate, and
thus reduces the size of the counterwelghts required. The gate framed at
top and sides with wood and with angle steel at the bottom is simple to
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ecanstruct and low in cost. ¥Wood and stesl should be used in pilot models
until all specifioations are determined, and then a more permanent steel
gate built.

A length of chain holds the cpen gate pearpendicular to the ocuter
frame to allow the greatest area for water passage.
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