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Abstract 

A simpliried, rotary fish screen and an aut001&tic water gate have been 

developed for use 1n streams or hatchery raceways. 

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 

nuctuatior.s. The rotary screen is self-cleaningJ therefore, it eliminates 

raceway water fluctuations am greatly- reduces the labor invol'ved in cleaning 

vertical screens. Its oonstruotion ia simple, it operates tor long period.a, 

and is readily portable. It is not designed to replace large-capacity-, gear

driven rotary screens. 

The gate is used in conjunction with a gear~rlven rotary- ecreent and 

is designed to open automatically during fioods and pass water through the 

screen and to elose automatically and seal off the screen when the water 

recedes to a normal level. 
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Introduction 

Rotary fish screens have been uaed to carry excess water past fish trapa 

at the W.ehigan Depart.ment ct Conservation Hunt Creek Fisheriea F.xperimant 

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 (1952a). Fish ecreens used in Oalif'ornia were described by Walea 

(1948) , Wal.es, Murphey, and Handley (1950), and J..ei tri tz (19,2a and b) • 

Rounsefell and li:verhart (1953, P:P• 197-210) gave general descriptions of the 

types and uses of fish screensJ Carbine and Shetter (1953) described the use 

of a rotating screen with a weir in 1!ichiga.n.J John (1954) proposed a spaced.

disc type of fish acr&enJ and Whal.ls, Proshek, and Shetter (19~5) touched m 

some limitations of the Michigan gear-driven screen. 

'l'he gear-driven screens used at Hunt Creek are well suited tor passing 

water in the Station's main stream. (Fig. l) where they are permanently 

installed, but operate onJ..v during periods of high water. They are not 

suited tor use in raceways because constant operation results in frequent 

breakdowns and high maintenance costs. Also, special lifting dnieea are 

required to handle these heavy pieces of equipment. The simplified. rotary

screen (Figs. 2, J, and 4) is not intended to replace the gear-driven one, 

but is designed to replace the vertical screens in the Station's racewaya 

where the volume of water now can be regulated with a b7-r>ass, and where 

a portable, lightweight, easily :maintained screen is desirable. Vertical 

screens are rapid1y clogged with debris, which disrupts the normal fiO'R' 

and results in unnatural stream conditions in the raceways. 

The automatic water gate (Figs. $A, .9.3, 6, 1, and 8) was developed to 

be used with the gear-driven rotary screens. The g~ar-drl ven screens are 

used only during high waterJ they are not used during periods when water 
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Figure l• 
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Figure 2 • 
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Figure 3.-The 12-vane model ot the su,plti'ied rotary' screen opera.ting 

in a Station raceway in Ja.m.iary, 19r~. Roller seal not attached, 

front shield shOW'Il. 
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J'igure 4.-Upstream view of the 12-Tane mod.el of the aimpli.tied rotary screen, 

aharing the position ot a ftt'1e tilling rltb water am the tall (16 inches) 

requirad to operate the 24-inoh diueter reYOl'ri.ng dnm. 
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Figure ,B_. 



DETA\L OF LEFT COUNTERWEIGHT 

SLACK 
CABLE@ 

BOTH CABLES 
@ AND (8 
ENGAGING 

WEIGHT 

FLOW 
CABLE®) 

11 ' 1 HOLDING 

• 
i 

::)Ali~!I 
, 1 NI 

--·,.;~-
\ 

fl'). 

GATE C~SED WITH 
CABLE (6) HOLDING 
COUNTERWEIGHT 
FREE FROM GATE 

WEIGHT 

'-

,,-.. n-~ ~,,_J}·H! rr) 

1,1 ,,~' 
, 

GATE OPENING AND 
COUNTERWEIGHT AT 
END OF SECOND 
CABLES BEING EN
GAGED BY CABLE@ 

, ·, 1·(/) 
: • .r ro I ..J •I 

C\I 
~II 

-./ ;1(1') 

'.\ 

r: cl\"-

01 
,' /) \ \ \ 

"'oo 

--------------

GATE OPEN AND COUNTER
WEIGHT ENGAGED ON 
CABLE @ WHICH WILL CLOSE 
GATE WHEN WATER RECEDES 

CABLE@ 
SUSPENDING 

WEIGHT 



.. () -,, 

Figure 6.-Section D bulkhead, showing from the left a. down-trapJ a gur

driven rotary screen behind an automatic 11ater gate; an u-p-trapJ and in the 

slot on the far right, a solid water gate ahead of another gear-driven 

rotary. 
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Figure 7 .-UpstreM'l viev: cf an automatic wat~1"' gate (propped -partly open with a atick) 

showing t..he riebt, weight, t'ully e!'lf':aced ~nd the lef't weight disengaged 

from the gate by a second cable. 
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Figure 8.--An automatic water gate in the full-open poai tion, shouring the 

chain supporting the open gate, and both weights engaged to close the 

gate when the water level recedes to normal-this eate ia almost at the 

closing point as will be not.ed from the slack chain. 
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levels in t,he main stream a.re normal (normnl discharge is 23 .2 c .t .s. at the 

Section Z bulkhead). .Prior to the development of the automatic water gate 

the screens 'Were sealed otl by solid, framed, sheet-steel gates (Fig. 6) 

placed in slota in the bulkhead upatrea from the rotary screena. V0ihen there 

wae a possibility that the fish traps would be nooded because of melting 

snow, heavy- rains, beaver dam breakage, or other causes, a man waa dispatched 

to rem.Oft the solid gates to allOW' excess water to pass through the rotar.r 

screens. To avoid fiooding or the tiah traps and loss or fish (Fig. 9)1 

gates had to be removed when high water ca.'lfttt, nif#lt or day, fair weather or 

toul. The water gate ia desie,uitd to open automatically when the water .,,, ~1'1!8 

to a determined point above normal, and close automatically when the water 

level recedes to a normal level. The rotary screen operates only when the 

gate is open. 

Si:mpli!ied Rotary Screen 

General deaerj.ption.-'l'he aimplified rotary acreen 111 actinted by water 

that pueea through ita upper cme-hal.f' on the upatrea side, over the horison

tal :plate, an4 into the find vanea. The water reta:tnecl in the vanea on the 

downstream side caus• a torque that. re"fOlws the sereen. Detleeton are 

placed an the horisontal plate to cauae the vanes to till with water before 

thq reach the shaft level, thua adding to the rfl'Olving f'orce. The vane, 

also SC"9'8 u driving paddles at high water 18'"11. A. full-scale model 

(Figs. 3 and L.) was in operation for 614 hours in the Staticn '• raeara,a • 

and for 21, hours in a racway- at the Wolverine Trout Rearing Porda, Wolverine, 

Michigan. Performance waa aatistactor,y at both locations. id th the upetre• 

water level a.bout ti ve inche11 above the shaft, the acreen turns at 11 rtrVOlu

ti0111 and passes 720 gallons or water per minute. Ice, lea'fts, grasa, and 
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Figt1:re 9 .-Fieh ,:;raps in Section Z bulkhead flooded by exeen water 

in the main stream. 
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small debris do not jam the screenJ hORever, la:r ge debris rlll ®'\ll!le jamming 

when it wedges between the screen and th:e roller seal., bttt the simplified 

rotary screen will pus any- object that w:lll pan over the W.ehigan cear

dri:nn aereen. 

The simplified rotary screen c~n be built f'or ane,,.ha.lt the ooet ot the 

gear-driTen screen., according to estimates made by enginaen at. the lfichigan 

Department of Conservation Forest Fire Experiment Station, RoecOIIDGll, Michigan • 

If alUJ!li.num is substituted tor 1teel in man;r ot the parts, weight will be 

considerably Nduced • The ,teel model is easily handltd by two lll9l'l. 

Detailed description .-The design of the vanes is important to the ~rro

per functioning of the screen. Calculations mu.."!t be made to inaure that the 

torque exerted by the weight of the water in the va..~es on the dornstr-eaa side 

is greater than the torque exerted by' the water preeeure against the vanea 

and acreen en the upstrea side, othenrise the ecrHn will NTOl ft in the 

1J.1)8treu direction or not at all. Also, allonnee tor f'riction tram bearinp 

and aeal.s mat be made. It tn, large vanes are used, an undaairable pulsat

ing action rerrnl.ts an! the screen is subject to jaadng oaund by Nduaed 

torque am slow rate of revolution at the eh point ot the puae. Reduced 

torque and slower N"f'Olut.ion rerut when the large, wide]J' apaeed paddl• 

reach a poaitim where on (or !ION) paddle ia obatrueti.rlg the tlar ot water 

on the upstream side of th4t screen, thereby reduoing the water fi• OTer the 

horizontal plate and into the nnes on the dwnatrea aide. It is the red\lf!led. 

voluae and weight of water in the vanes at the ebb point that reduces the 

torque and rate ot revolution. Tnlve vanes were tried ti.rat (Figs. l and k), 

but because ot the pulsating motion these were replaced with 16 ...Uer vane• 

designed to allow the •a.me volume ot water to pan through the screen. The 

vanes must be shaped to hold a :max.1m.u.ll am.ount or water on the dOlffllrard ning, 
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yet 9llt)ty rapidly as th.ey begin their u.._nward movement. The vane design 

sham in Figure 2 ie satisfactory. 

The shaft is nan-rotating, am is secured to the f'raae by set-eeNWSJ 

the horizontal plate is welded on top of it. The end-Platea revol"f'B on the 

ah.aft on self-aligning bearings. A f'all or 16 inches is required r or end

plates havinr; 12-inch radii. 

The tront and side shields serve to bring the upstrea water level up 

to the ehatt levelJ and, with the horisontal plate., nne t.o direct the 

water into the vanes on the domistreui. Bide of the screen. The shields are 

welded directly to the !'re...• and must be constrncted so as to clear the 

bulkhead when the screen is in place in the keyways. The aide shields also 

serve as a barrier to t.'he passage of fish, so, if the f:rame fits securely 

in the keyways t the side shields may- be separated .f'ram the bulkhead wi thcnrt 

loss or fish. The water exerts considerable force against the shields so 

they muat be braced to prevent them from being pressed against the screen 

and the end plates. 

The purpose or the seals is to prevent the loss of fish. The front, 

aide, and top seals are made from heavy-duty inner-tubes. The roller seal 

is made or metal tubing covered with heav-duty, reinforced rubber hose. 

In operation., the rol.ler sMl lifts on end hinges to pan debris between it 

and the revolving screen. The roller seal and the tq, seal are designed to 

prevent the loss of fish should the water level rise above the upper tram. 

Where possible, a framed, vertical ac1•-e4u1 should be plaeed in the keyways 

above the rotary screen. 

'I'he rotary screen used at Runt Creek is contained in a cODCNte bulk• 

head 4 feet by 4 feet by 8 feet. Each keyway- is 2 inches deep. The rotary 

acreen outer tra.me is 51.5 inches long and 31 inches high. The revolVing 
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qlind.er ia 48 inohee long lad ite tiaaater 1• 2h :laehea. 'n1e d.bttaeiaa 

ttf thews (Figure 2, eree■ eeoti•) area narrw u,,, o.S-inobJ 11Cteen 

aide, 2 inohNJ vert1cal a1de, 2 inoh•J wide Up, le2S inoh•J lengt.h, 

47•S imhee. The harS.S•tal plate 18 Jllde of sh•t 8't.eel fra1l9d with OJS

ineh aiwl• ateel.. The 1hatt 1a O .620-inoh aolid, steel rod.. 

Autoaat.io Water Gate 

General 4••r!i?ti(lll.-'l'he autanatio water •te 1• a barrier, placed 

Tertioal.q 1n a bullchead, and at right ariglea to the atreaa. It dou not 

llfing on hinpa but turns on a horilcmtal ahatt, and whim epen is in a 

petiticm rw&bl-7 parallel to the atrea su:rtaoe, peraitting water to n. 
put it. 'lhe gate is deaign«l to take advantage ot the taot that water 

pnanre on an imllenecl vertioal nrf'aee 'ft1'1ea widel:J', am inoreuea with 

Mpth (Randall, WU11n1, and OoJ.b.r, 192,, PP• 10'1•126). The gate 19 

deaigned. to nay eland at norMl n\er level.a, when the r_..., renltimg 

troa water p:reaaure, aga.1.ut the portian of t.he gate bela t.he aha.ft 18 

greater than it 1a agaiut the p8'ticm ot the P'- a'bo'fe the ahatt. the 

ah&tt mist be plaeed belew the oenter or the gate, bN&UN the poai tion ot 

the ahaf't (fulorma) 4etel'llilles what tone (nter leftl) will be requiNd 

to keep the gate eloaed., or to open it when the water 18ftl n•••• The 

gak optrUJ when the increased torce, renlting fraa higher water 18ftla, 

againat the gate above the shaft exeeeda the toree againat the gate belOll' 

the ah&tt• It the ahatt were centered, fm"Cff belw it woald alway's exceed 

thoae above it and the gate would remain closed at all water lffela • 

Comatm.weigb:te are UNd to clON the gate wh• water 1.ffel returu to 

aOJU1 atter a nood.. A.a the water recede•, and Oftl7 a sall ann'\ is 

paaiq Oft?' the gate (night et water on gate 1s nduoe4), tlhe flights 
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•-- the gate to shut. tiater prueure againet the lonr portion or the 

elo81ng gate usiata in the cloaure. 

Detailed duo:ription..--Proper dimensions ot the gate are d.,.ndent upon 

t.he width or the bulkhead, water diecharge, and pemiaaible nuetuatiom in 

water level. The height or the gate and posi tim of the ahatt we dete:rld.n:ed. 

tram caloulatiou. A shallow gate 1fOl'ka best where tolerable n'ter fit2Ctua

t1ona are small, and a deep gate works but where greater tl\111\uationa in 

water lff9l are r,ermiasibl.9 and large aaou.nt1 of watv mu.et be puaed. The 

gate here deacribed is 15 inohee hiQJl bJ' h4 inches wide. The ahatt ie 

oentered .) .; inchea abfl9 the gate bottom. It ia deaigaed to op.-ate with 

'the noraal ftter leftl 5 .o inehea &bow th• ahatt. It opens when water ltmd 

reaches a point 8 inchea abon the aha.ft, and clona lfhn t1ood waters reolde 

to a point 1.5 inehee abcml the Iha.ft. Force Nqll1red 'to open the 1ate 11 

c.tetendned by uaing data 8tlOh aa an in.eluded in fable 1, pl• oaieulating 

added roroe nee4ed to overcome oloaing torque due to t1"1eticm and the....,... .. 
oountunighta. At nol"Jl&l water lewl• the gate ia kept eloaed beOauae the 

tore• or 106 poundal• agaiut the 15h SquaN inehe1 (3.S 'b;r lJ. inobea) of area 

bel• the shaft ii greater than the 1'oroe ot 70 poandala agaiut the IU 1q,aare 

inches (S.S b,- !w inohea) ot ana above the shaft. 

To eliminate as much triction u p0ttaible th-e shatt rotate• on ••lf
aligntng bearings-this 11 especially' illlportant to the proper cl011ng ot the 

gate where eou:nt.erweights ■hould be kept to a min.iJma. The •haft is centered 

lateral]J" in the inner :rrame to keep the toroea caused bJ' the weight ot the 

oJ.•ed gate papendicrular tc, the center or the aha.ft. 

'h counternighte ueed to cloae the gat.e Jll\llt be heav enough to owr

ooae the weight ot the gate a'boft the shaft (acting to hold the gate open) 

acl friotiOA. Aets.on ot the oomataiweighta ie aupplementtd by' the night of 

ti. gate belar the shaft (uting to oloae the gate)• 
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fable 1.-CClll)utatione ued to eatilaate the wat.r ltmtl at 'llhioh • lS- by' 

44-inch gate will open with the shatt (tul.Ol"1Bl) centered ).$ 

inches above the gate bottom. 

Pointe on gate 
bel• rmr:t.'ace 

ot water 
(feet) 

0.08 

0.17 

0.25 

o.:JJ 

o.ia 

0.50 

o.ss 
0.67 

0.75 

o.8J 

0.92 

1.00 

1.08 

1.17 

1.25 

Force on gate 
resulting tram.. 

weight ot vrate~ 
(povndals) 

4 

8 

12 

l~ 

20 

2) 

27 

31 .,, 
)9 

43 

47 

SJ. 

5S 

S9 

Water level 
above shaft 

(feet) 

o.oo 

0.1.3 

0.21 

0.29 

o.,a 
O.h6 

o.s4 

0.63 

0.71 

0.79 

o.88 
... 

P'oreea acting to 
cloe• open 
gate gate 

(povndals) (poundala) 

)7 0 

~ s 
6, 18 

78 31 

91 49 

106 7r,I 

ll9 96 

·133 12$ 

147 1,sl 
160 19, 

174 2.36 

lo.oa rt. x o.oe tt. x 3.67 tt. x 62.4 lba./rt) x 32 tt./-.c.l x height. 

2'.l'he ga'te 18 adjusted in the bulkhead. ao normal water leftl u about O .ht 

.toet abow the ahatt. 

lnte gate opens when the water lewl rlaea about O .67 toot abo'Ye the llhatt. 
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It both counterweights are suspended directly- to the gate as the right. 

oou:nterareie;ht in Figure 5A, a great.er force (neceaai tatiag a higher water 

l.eftl) is required to open the ga.te. To overcome this undeairable feature 

the lert eounte:rweigllt is connected to a eecond cable which ia attached to 

the outer frame. The le.tt counterweight is disengaged when the gate is 

closed. Operation of the lert counterweight is illutrated in Figure SB. 

With a closed gate and a rising water level, only the right counterweight 1a 

resisting the force that acts to open the gate; when the water level rlsu 

to the c,pening point on the gate, the gate arlngs to the one-half open (hS 

degreea) position, and cable A engages the lef.t counterweight and the gate 

continlles to open to the full-open position. Both counterweights aot to 

cloae the gate when the water recedes. When the gate reaohea the one-half 

cl•ed (h.5 degrees) position, the left eounterweight ia diseagaged from 

cable A and is engaged by- cable B, and the gate continues to oloee to the 

.tull.-elosed position. No counterweights are neeeseary if the gate is cloaed 

manually-. At Hunt. Creek, only the left ceunternight baa cable B attached, 

but, it neceaaar,y, both counterweights could be attached to a seoond. eable 

to permit the gate to open at a lc:wer water level, and thus decrease t,he 

over-all water level f'luctuation. 

It the gate is made of wocd, he«v:ier countenreighta 111.USt be uaed to 

overcome the buoyaney ot the bottom board before the gate wi.U close proper~. 

Thia buoyancy me.y be greatly' reduced either by constructing the bottom erosa 

:piece ot the gate of angle steel (Fig. ~) or by oonatructing the entire 

gate trame or weld.ed angle st.eel. The latter method not cnl;r reduces 

bucfrauc7 to a minimum, but also redueea the to'tal weight or the gate, and 

\hwl reduces the size ot the counternighta nt.r1.rl.rad. The pte tralll8d at 

top and aides with wood and with angle steel at the bot\aa 1a aill)le to 
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eaatra.n and i. 1n con. Wood and at.il ahoulcl be UNd in pilot ..tel.a 

until all apeeUieatiom are detemined, and. then a aore , • .....,, 1teel 

pte-bailt. 

A length of ehaill holA• 'th• open gate perpendioular te the oater 

tr ... to allar the greaten area for water p--•«-• 

The authon wi.9h to expre•• their appreoiatim to lleN1'e. lw,.,. lwh 

and Gil Stenrt., engineen, who ottered ftl.uable eriticd• ot the sillplitied 

rotu,' •creen, to Max Bradley who PNPued blueprinte and prelhdDAlT dxw

tnga, and to W:Ul:fu L. Criatanelli who prepared the t1nal m91np ot the 

ecreen and the water gate. 
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