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'HIGH SPEED CANAL FISH SCREEN
DESIGN AND PERFORMANCE,
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ABSTRACT

Alberts fiasticture bas developed a fish sereen or lcge water diversion canas that costs
significanly loss than tradions screens s wel s Ueing effectve at xcluding small sh. The
screen was nstalled a the Pine Coulec Project(an off-stream storage reservair n soulwestsrn
Alberta) durn the winte of 1998199, The sereen dos no incorporate the approach velocity
ol sl e perited 1o contact the screen snd are
afely runsported by relatively high velocity wate along the crecn to s bypass system. This
paper presents the design and the resules of performance monitosing during ftal opeations.

crferion used in maditions) serce desiy

wovuerioy 07

‘The Pine Coulee Project s ocated on Willow Creck in sauhern Alberts, Caman The project

comprises an offsteeam water storase reservoie, a deversion weie snd 3.5 km canal, The canal

Fas acapacity of 8.3 m'fs The project wil supply water to 3000 ki of existing iigation tht
cureenty experience summec defiets ad will ensble development of an additional S000 b of
igation

‘Willow Cresk 3 2 permanent sssams that conveys lrge spring flows from meting snow,
During the balanse of the year flaws re very low.

One benefitof he Pine Coulee Project will be & walleye fishery i the reservoi, Walleye are:
1o e st

i the veservoe dring he inital years of opsrston
A fish exclusion device was required to prevent entminment of Willw Cresk fish o the
diversion canal and seservuis. Sereens were sl installed on he reservoir utlet nd  wter
supply tumout o proveat the escape of juvenile walleye from the reservorr

“To casuee that the salleye fishery theives, certain predatory ish specios (northern pike and.
buchor) from Willow Creek must be detered fram emterin the reserveir vin the diversion canal
These fish would prey on e young walleye and compet for food. Specific minnow species e
e stocked s  foud source for the reservir walleye,

The target fish species for exclusion from the Pine Coulee Diversion Cansl 152
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Rorthern pike or burbot with a 100 mm fork length (swimming speed of 0.066 mis).

Stasionary vertial sresns o rotating druun screens that s in se throughout Nerth America
would require a sereen opening of 10 i to prevent th target fish lrom swimming trough the
scrcen (Katopodis 1992). The maximum approach velpeiy (velocty of wate pespendicula to
the screen) for traditional screens would be 0.066 mis. Teadiional screens ar designsd so that
ho target fsh docs not ontuet the screen und an swim away from the sereen. The estimated
<ost of raditonal fish screens a Pie Coulee For the targel species was $1,200,000. The
ostimatod costof traditional fish screens st Pine Coulee for 325 mim northern pike (maximum
approach velocity: 0.026 m/s) was $2,200,000 (Acres 1993), The HSVS cost $500,000.

‘Belavioraldevices such as svousti or optical barricrs were eliminated early n the evahuation
rccess because these devices could not achieve the desired fovelof sucsess that was required to
prevent the stablishmest of orthern ke and burbot populacions in the teservois (Actes 1991).

The Modular Tnclined Sereon and the Eicher Sereen were evaluted. These scerens are Jess
expensive than traditional sereens. Both methods alow contact berween the fish and the screen
but promote hydraulic conditions so that i are safly swept ofT e scroen once contae has
been made. Both sereeas requirs a closed conduit o perform properly. The Modular Inclined
Screen, which i adapted for open channels, achieves a closed canduit condition by placing o
roof blow the minimm depth of flow I could nat be exsity adapted o the Pine Coulee Project
ocanse of the expected uctuation of water depils at vasy from 300 mim to 1500 .

A bigh speed verticat sereen (HSVS) configuration was developed to accommodate lrge.
uctuations m the depth of flow The HSVS used some of th high speed design characterstcs
af the Ficher and Modulr Inclined screens. Larger fsh ar sicons switmaners and could avoid the
HSVS a3 in radiconl scrssns. The approsch velosity! wansport velocity (component of wter
velosicy paralel 10 the screen) ratio of the HSV'S is pproximataly 0.25, ensuring that fish het
ome o concact with the screen ae quickly swept off the scrsen.

To maintain unifora fow conditions across the i screen lengeh, the porosiy of the

sereen pancls at the dosnatroam end must b lower than at the upstream enc. The sereen s
e desigaed to maintuin uniform flow conditions aeross he face of the sereen,thersby
maintaining the approach ransport velocity sato at spprosimately 0.25. Non uniform flow
onditions are a problen in fsh sens thatrosl i he fmpigement of fish (Pearce ot al

1991). Now-uniform flow conditions would vary the approachasnsport velocity rasio. The lower
ot would assistthe Slding, bt the high caio would tead to npingement and an increase i
ey rteation i the seen. Bxcess debris could rsticttho slide, permitting fsh to escape the
ssrcen, anly 1 be caughtagain later. No odher appraach/ transport veloity atios were
investigated

pESIGN

i€ HSVS shomsn on Fignee: | s designed by Aces Iulscuatonsl Lid.and has he
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following characteristcs:

The scree i compose of  double row of verical seesns na ™V shape o
angle of L4 deguees t the diection of flow. The screen s supporcd 90 o in
ontofthe supporting srucur o cnsur that the suppot osts would not affect
e uniform veloieyconditons acros the foce of the sercen

The srcen area helow wate evel st maximmum discharg i 36.0 . The sercen
e s dopeient opon caml somelry raher than biclogiel srtra. As
desigaed, the Pine Coule seren operates with a maxianum velocity in the
iroction of te canal of about | s, Most diversion canals n Albern operate at
maxienum veloitesofapprovimtely L,

“Tho sereens consst o Johnson wedge wice fabrc wi

horizonta slots o
provide » smocth sliding sarfbce 20 15 to pinge i bu il pass water wikin
an acceptable rnge of head los. The slo size decreases rom the upper ond of

the sreen 1o the bypass i sixsteps: 292 i, 2.41 s, 170 man, 40 mim, 124
. and 114 mim. The graduated screen opening was used to maiotaln  uniform
velocity profile slong the screen face. Under uniform flow conditions, the
available head at the uppe end of the scree s over han the svalable head at
the lower end of the screen. Varying the st opening varies the porosity of the
sctaen from the upper end o the bypass in he cormesponding six seps: 62, 57, 49,
44,41, and 39 percent,which in urm varies the head lss throvgh the sereen. This
ures that approash! tenspor: velocity atio docs not decreaso nonr he bypass
atthe ower ond of thesereen. Varying the porosity of the sereens Lo maintain
mifora velocities s cansistent with he design of the Fiches Sereen (Winchell).
“fhe screcn material 5 304 stainless steel wedgs wire, 1.8 mm top width by 4.5
asn bigh. The wire size was selected to provide a sable Sucture (srong enovgh
o sustain complete plugging with debeis) with & iianunn of vertical Supports to
obstruct he low. The wire fabric i supported on 4 mm verical iiusd rods a 50
i spacing, that e i tum supported on S
noizontal bars at variable spacing. The sereen was fabricated in 1800 mam
wertical by 2000 me sections.

Th support st is a pabvanized steel frame on casti

i 75 mm sainless stosl

lice concrete. The

sinless steelsereens ae tsolted from the galvanized stos] pportstucture by
UHMW (ulra igh molccular weight) polyethylene scips and i
A single full-depth bypass i installed at the lower e of the "V, The bypass has
2350 mm wide sot t e iyt 1 waintan a velosity o e throat hat i

similar 10 the velociy throigh the screcns. The bypass armams 6 150 i wide
0 form u riical-depth Jong throated flume o conteed s rae of discharzs of the
bupass. Thers are wo other controll ou the bypass. The bypuss drops into a 600
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The seecen was constsucted from October 1998 to March 1999 by Scbring,
Construction Lud. Diversion commenced on Apei 23, 1999. The pecformance of the
screen i being monitored during it niial years of operaton. Acres Iaternational
Lidis completing the hydrautic monitring and Pisces Eavironmental Consulting,
Servizes Lut. is completing the biological monworing.

The contractor had diffculey delivering the olerances that wexe specificd fof the assembly of
the sereen. This has ot seemed to compromise the sereen functonality. Furure screens should be

designed with greater tolerances for fitiag he scrssa pancls (o the support simcture,

“The cleaning syster i working well. The brush s opsrated two times per day fo
remove accumulated debris. No adjustments bave yet been made 10 the brust.

Hydrauic measurements have been campleted at lower flows. The bypass flow st
th fower flows hss exceeded the five percent agget. The with of the bypass slot will
equine reviews once hydraulic evaluations e complete a ther flows.

‘iological cvaluations of bypassed fish have beon cngoing at Tower flows. Data
e prefimininy only. The sereen is suocessful at excluding most fish. Plectrofishing
s recavered sl burbr (up 0 21 enm) downsteeam o th scecen, Diif net
Sampling downstrean of th canal b recovered fih that were 00 small o deatity
Visual abservations indicace that burbot stide along the scrcen. Emerald shiners
appear o rambie on the screen. Danags o emerald shiners has besn high

Two arcas where s iy suffee sjury in he system bave been identified. The
mamento of the ater i he bypas caries fih info the vertcal wall behind the
bypass chute and nto the vertical wall of the shuicewoy ot the exi of the bypass. The
dinectionsl runsitions at the bypass enry and exie location require improverment

The systen will b tested with eforitics up to 2 s o determine i Furthes
efficieacies can be reaized hy narrowing the shanned in fuure fish exclusion devices
The Ficher and Modula Tnclined Screens have been teated at velocities up 10 s

CONCLUSTON

The Hs»
cleaning system is workias well The biological and hydrauli cvaluations have justbegun. Early

i performing well The sereen docs not experience any structural problems. The

resuls ndicate same mimor problems with the hydraulic behavior of the bypass system. These
problems cauld be eansing,tish wjory. Furthor cvahuations s necessiry before somplee resules

il be kv,
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mm PVC pipe to rerrn fish to Willow Creek downsiseam of th diversion weir
The bypass was designed 0 ensure less than five percent of the flow inthe canal
eoters the bypass

= A vertical brush was designed to horizontally sweep the face o the screen from
upstreaun 1o downstrean at the samo speed of ravel s the water at maximum
dischasge, Tho brush pulls outof the water on the retum tip o asesting posicon.
above the head of the sreen. The brush is controlled by the automated control
systom for e project. Tho brush has adjustable guides (o pestuit changes tothe
ristl length and pressurs against the face of the scroen

+ The strueture also includes 125 mm sloping (four horizontl 0 one vertical)
upstroam teash rack to koep lrge debris from eniering the fish excl
“The sructure is fenced t promos public safely and discourage vandalisn

device.

» s stucture has been designe t permit modifications if monitoring indicates
that modificarion would be bencficial: screen panels ca b easity changed 1o
el fine toning t0 achieve wniform flow conditions, e bypass sot width s
Adjustable Lo fime tune the velocity ino the bypass chue, e Lrush has
djostment poiats o permit difforent bushes and the gide ril for the brush re
sl 0 parmit changes (0 the pressure of the brush on the screen

MODFL TESTING

Piological nd hydraulic festiag ofthis fish exclusion deviee was completed by Alden Kesearch
Laboratory. . of Hokden, Massachusetts i July 1998 (Taft et al 1998). The bilogieal and
hydeauti tesung was conducted on a Johnson screen with #156 support ods at S0t spacin.

“The hydraulc conditions were modele i a quarter scale model of one-halfof the V-strueture
(six ofthe twelve paneis). The hydraulic model confirmed that the porosity ratio o the screen
panels produced head conditions that would produce cqual flows through each seroen panel,that
the water velociies alon theserosn face were within 10 percent o prodicted velcities and that
the sonfiguration of the sructure produced uniform flow conditions.

iological conditions were modeled on a Fll scae maodel of o of e twelve panels (1.24
e o 114 i slots) ueing 30 10 50 s sehery raised eainboss rout Only 2 f 900 fish
fosted died afer 18 hour holding period (one testfish and one control fsh). Rsinborw ot were
selcciet fortesting because of their refaive sensiiiry and thir presenca in Willoe Cueck,

“The bioloical esting proluced one unexpected result. Tish thal contacted the serosn lost
ontenl and s5d invested and nove frs alog the ish scresa. Fish dul ot regain sontrol unci
they eatered thebypass. This “sliding” corulition had ot heen observed in Modolar Inclined
Soreen testing don ¢ Alden Research Laboratory. .

PERFORMANCE
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Alberts fiasticture bas developed a fish sereen or lcge water diversion canas that costs
significanly loss than tradions screens s wel s Ueing effectve at xcluding small sh. The
screen was nstalled a the Pine Coulec Project(an off-stream storage reservair n soulwestsrn
Alberta) durn the winte of 1998199, The sereen dos no incorporate the approach velocity
ol sl e perited 1o contact the screen snd are
afely runsported by relatively high velocity wate along the crecn to s bypass system. This
paper presents the design and the resules of performance monitosing during ftal opeations.
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‘The Pine Coulee Project s ocated on Willow Creck in sauhern Alberts, Caman The project

comprises an offsteeam water storase reservoie, a deversion weie snd 3.5 km canal, The canal

Fas acapacity of 8.3 m'fs The project wil supply water to 3000 ki of existing iigation tht
cureenty experience summec defiets ad will ensble development of an additional S000 b of
igation

‘Willow Cresk 3 2 permanent sssams that conveys lrge spring flows from meting snow,
During the balanse of the year flaws re very low.

One benefitof he Pine Coulee Project will be & walleye fishery i the reservoi, Walleye are:
1o e st

i the veservoe dring he inital years of opsrston
A fish exclusion device was required to prevent entminment of Willw Cresk fish o the
diversion canal and seservuis. Sereens were sl installed on he reservoir utlet nd  wter
supply tumout o proveat the escape of juvenile walleye from the reservorr

“To casuee that the salleye fishery theives, certain predatory ish specios (northern pike and.
buchor) from Willow Creek must be detered fram emterin the reserveir vin the diversion canal
These fish would prey on e young walleye and compet for food. Specific minnow species e
e stocked s  foud source for the reservir walleye,

The target fish species for exclusion from the Pine Coulee Diversion Cansl 152
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Rorthern pike or burbot with a 100 mm fork length (swimming speed of 0.066 mis).

Stasionary vertial sresns o rotating druun screens that s in se throughout Nerth America
would require a sereen opening of 10 i to prevent th target fish lrom swimming trough the
scrcen (Katopodis 1992). The maximum approach velpeiy (velocty of wate pespendicula to
the screen) for traditional screens would be 0.066 mis. Teadiional screens ar designsd so that
ho target fsh docs not ontuet the screen und an swim away from the sereen. The estimated
<ost of raditonal fish screens a Pie Coulee For the targel species was $1,200,000. The
ostimatod costof traditional fish screens st Pine Coulee for 325 mim northern pike (maximum
approach velocity: 0.026 m/s) was $2,200,000 (Acres 1993), The HSVS cost $500,000.

‘Belavioraldevices such as svousti or optical barricrs were eliminated early n the evahuation
rccess because these devices could not achieve the desired fovelof sucsess that was required to
prevent the stablishmest of orthern ke and burbot populacions in the teservois (Actes 1991).

The Modular Tnclined Sereon and the Eicher Sereen were evaluted. These scerens are Jess
expensive than traditional sereens. Both methods alow contact berween the fish and the screen
but promote hydraulic conditions so that i are safly swept ofT e scroen once contae has
been made. Both sereeas requirs a closed conduit o perform properly. The Modular Inclined
Screen, which i adapted for open channels, achieves a closed canduit condition by placing o
roof blow the minimm depth of flow I could nat be exsity adapted o the Pine Coulee Project
ocanse of the expected uctuation of water depils at vasy from 300 mim to 1500 .

A bigh speed verticat sereen (HSVS) configuration was developed to accommodate lrge.
uctuations m the depth of flow The HSVS used some of th high speed design characterstcs
af the Ficher and Modulr Inclined screens. Larger fsh ar sicons switmaners and could avoid the
HSVS a3 in radiconl scrssns. The approsch velosity! wansport velocity (component of wter
velosicy paralel 10 the screen) ratio of the HSV'S is pproximataly 0.25, ensuring that fish het
ome o concact with the screen ae quickly swept off the scrsen.

To maintain unifora fow conditions across the i screen lengeh, the porosiy of the

sereen pancls at the dosnatroam end must b lower than at the upstream enc. The sereen s
e desigaed to maintuin uniform flow conditions aeross he face of the sereen,thersby
maintaining the approach ransport velocity sato at spprosimately 0.25. Non uniform flow
onditions are a problen in fsh sens thatrosl i he fmpigement of fish (Pearce ot al

1991). Now-uniform flow conditions would vary the approachasnsport velocity rasio. The lower
ot would assistthe Slding, bt the high caio would tead to npingement and an increase i
ey rteation i the seen. Bxcess debris could rsticttho slide, permitting fsh to escape the
ssrcen, anly 1 be caughtagain later. No odher appraach/ transport veloity atios were
investigated

pESIGN

i€ HSVS shomsn on Fignee: | s designed by Aces Iulscuatonsl Lid.and has he
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following characteristcs:

The scree i compose of  double row of verical seesns na ™V shape o
angle of L4 deguees t the diection of flow. The screen s supporcd 90 o in
ontofthe supporting srucur o cnsur that the suppot osts would not affect
e uniform veloieyconditons acros the foce of the sercen

The srcen area helow wate evel st maximmum discharg i 36.0 . The sercen
e s dopeient opon caml somelry raher than biclogiel srtra. As
desigaed, the Pine Coule seren operates with a maxianum velocity in the
iroction of te canal of about | s, Most diversion canals n Albern operate at
maxienum veloitesofapprovimtely L,

“Tho sereens consst o Johnson wedge wice fabrc wi

horizonta slots o
provide » smocth sliding sarfbce 20 15 to pinge i bu il pass water wikin
an acceptable rnge of head los. The slo size decreases rom the upper ond of

the sreen 1o the bypass i sixsteps: 292 i, 2.41 s, 170 man, 40 mim, 124
. and 114 mim. The graduated screen opening was used to maiotaln  uniform
velocity profile slong the screen face. Under uniform flow conditions, the
available head at the uppe end of the scree s over han the svalable head at
the lower end of the screen. Varying the st opening varies the porosity of the
sctaen from the upper end o the bypass in he cormesponding six seps: 62, 57, 49,
44,41, and 39 percent,which in urm varies the head lss throvgh the sereen. This
ures that approash! tenspor: velocity atio docs not decreaso nonr he bypass
atthe ower ond of thesereen. Varying the porosity of the sereens Lo maintain
mifora velocities s cansistent with he design of the Fiches Sereen (Winchell).
“fhe screcn material 5 304 stainless steel wedgs wire, 1.8 mm top width by 4.5
asn bigh. The wire size was selected to provide a sable Sucture (srong enovgh
o sustain complete plugging with debeis) with & iianunn of vertical Supports to
obstruct he low. The wire fabric i supported on 4 mm verical iiusd rods a 50
i spacing, that e i tum supported on S
noizontal bars at variable spacing. The sereen was fabricated in 1800 mam
wertical by 2000 me sections.

Th support st is a pabvanized steel frame on casti

i 75 mm sainless stosl

lice concrete. The

sinless steelsereens ae tsolted from the galvanized stos] pportstucture by
UHMW (ulra igh molccular weight) polyethylene scips and i
A single full-depth bypass i installed at the lower e of the "V, The bypass has
2350 mm wide sot t e iyt 1 waintan a velosity o e throat hat i

similar 10 the velociy throigh the screcns. The bypass armams 6 150 i wide
0 form u riical-depth Jong throated flume o conteed s rae of discharzs of the
bupass. Thers are wo other controll ou the bypass. The bypuss drops into a 600
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mm PVC pipe to rerrn fish to Willow Creek downsiseam of th diversion weir
The bypass was designed 0 ensure less than five percent of the flow inthe canal
eoters the bypass

= A vertical brush was designed to horizontally sweep the face o the screen from
upstreaun 1o downstrean at the samo speed of ravel s the water at maximum
dischasge, Tho brush pulls outof the water on the retum tip o asesting posicon.
above the head of the sreen. The brush is controlled by the automated control
systom for e project. Tho brush has adjustable guides (o pestuit changes tothe
ristl length and pressurs against the face of the scroen

+ The strueture also includes 125 mm sloping (four horizontl 0 one vertical)
upstroam teash rack to koep lrge debris from eniering the fish excl
“The sructure is fenced t promos public safely and discourage vandalisn

device.

» s stucture has been designe t permit modifications if monitoring indicates
that modificarion would be bencficial: screen panels ca b easity changed 1o
el fine toning t0 achieve wniform flow conditions, e bypass sot width s
Adjustable Lo fime tune the velocity ino the bypass chue, e Lrush has
djostment poiats o permit difforent bushes and the gide ril for the brush re
sl 0 parmit changes (0 the pressure of the brush on the screen

MODFL TESTING

Piological nd hydraulic festiag ofthis fish exclusion deviee was completed by Alden Kesearch
Laboratory. . of Hokden, Massachusetts i July 1998 (Taft et al 1998). The bilogieal and
hydeauti tesung was conducted on a Johnson screen with #156 support ods at S0t spacin.

“The hydraulc conditions were modele i a quarter scale model of one-halfof the V-strueture
(six ofthe twelve paneis). The hydraulic model confirmed that the porosity ratio o the screen
panels produced head conditions that would produce cqual flows through each seroen panel,that
the water velociies alon theserosn face were within 10 percent o prodicted velcities and that
the sonfiguration of the sructure produced uniform flow conditions.

iological conditions were modeled on a Fll scae maodel of o of e twelve panels (1.24
e o 114 i slots) ueing 30 10 50 s sehery raised eainboss rout Only 2 f 900 fish
fosted died afer 18 hour holding period (one testfish and one control fsh). Rsinborw ot were
selcciet fortesting because of their refaive sensiiiry and thir presenca in Willoe Cueck,

“The bioloical esting proluced one unexpected result. Tish thal contacted the serosn lost
ontenl and s5d invested and nove frs alog the ish scresa. Fish dul ot regain sontrol unci
they eatered thebypass. This “sliding” corulition had ot heen observed in Modolar Inclined
Soreen testing don ¢ Alden Research Laboratory. .

PERFORMANCE
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The seecen was constsucted from October 1998 to March 1999 by Scbring,
Construction Lud. Diversion commenced on Apei 23, 1999. The pecformance of the
screen i being monitored during it niial years of operaton. Acres Iaternational
Lidis completing the hydrautic monitring and Pisces Eavironmental Consulting,
Servizes Lut. is completing the biological monworing.

The contractor had diffculey delivering the olerances that wexe specificd fof the assembly of
the sereen. This has ot seemed to compromise the sereen functonality. Furure screens should be

designed with greater tolerances for fitiag he scrssa pancls (o the support simcture,

“The cleaning syster i working well. The brush s opsrated two times per day fo
remove accumulated debris. No adjustments bave yet been made 10 the brust.

Hydrauic measurements have been campleted at lower flows. The bypass flow st
th fower flows hss exceeded the five percent agget. The with of the bypass slot will
equine reviews once hydraulic evaluations e complete a ther flows.

‘iological cvaluations of bypassed fish have beon cngoing at Tower flows. Data
e prefimininy only. The sereen is suocessful at excluding most fish. Plectrofishing
s recavered sl burbr (up 0 21 enm) downsteeam o th scecen, Diif net
Sampling downstrean of th canal b recovered fih that were 00 small o deatity
Visual abservations indicace that burbot stide along the scrcen. Emerald shiners
appear o rambie on the screen. Danags o emerald shiners has besn high

Two arcas where s iy suffee sjury in he system bave been identified. The
mamento of the ater i he bypas caries fih info the vertcal wall behind the
bypass chute and nto the vertical wall of the shuicewoy ot the exi of the bypass. The
dinectionsl runsitions at the bypass enry and exie location require improverment

The systen will b tested with eforitics up to 2 s o determine i Furthes
efficieacies can be reaized hy narrowing the shanned in fuure fish exclusion devices
The Ficher and Modula Tnclined Screens have been teated at velocities up 10 s

CONCLUSTON

The Hs»
cleaning system is workias well The biological and hydrauli cvaluations have justbegun. Early

i performing well The sereen docs not experience any structural problems. The

resuls ndicate same mimor problems with the hydraulic behavior of the bypass system. These
problems cauld be eansing,tish wjory. Furthor cvahuations s necessiry before somplee resules

il be kv,
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