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2 FISH MIGRATION BARRIER PROBLEMS AND BAFFLE FISHWAY DESIGNS
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Box G2.1: Solander Road pipe culert crossing of University Creek(Source: Ross
Kapitzke)
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Hydraulic zone within culvert

Common barrier effect for fish movement
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Box G2.2: Hydraulic zones and fish migratiorbarriers within Solander Road pipe culvert
crossing(After: Kapitzke 2007c¢)

Zone C: Culvert barrel
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Zone D: Culvert inlet and upstream channel
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Box G3.3: Characteristics, configurations and degn parameters for offset baffle fishway for pipe
culverts

Design aspect / parameter Performance characteristic, design consideration, comment and rationale

Materials for construction of offset baffle fishways
Geenl
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Box G3.4: Hydraulic characteristics of flowfor offset baffle fishway for pipe culverts

Design aspect / parameter ‘ Performance characteristic, design consideration, comment and rationale

Flow characteristics — emerged baffle condition (flow depth < baffle height)
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Flow characteristics — submerged baffle condition (flow depth > baffle height)
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3.3 Fish passage characteristics of offset baffle fishway
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Box G4.4: Hydraulic characteristics of flow fa corner “Quad” baffle fishway for pipe culverts
Design aspect / parameter Performance characteristic, design consideration, comment and rationale
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4.3 Fish passage characteristics of corner “Quad” baffle fishway
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Box G4.5: Fish passage characteristics for aver “Quad” baffle fishway for pipe culverts
Design aspect / parameter ‘ Performance characteristic, design consideration, comment and rationale
Enabling hydraulic conditions for fish passage
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Box G4.5: Fish passage characteristics for oger “Quad” baffle fishway for pipe culverts
Design aspect / parameter Performance characteristic, design consideration, comment and rationale
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5 OVERALL SUITABILITY OF BAFFLE FISHWAY DESIGNS
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APPENDIX G1 — SOLANDER ROAD PROTOTYPE OFFSET AND CORNER BAFFLE
FISHWAYS
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James Cook University School of Engineering and Physical Sciences
Culvert Fishway Design Guidelines: Part G — Baffle Fishways for Pipe Culverts
Appendix G1 — Solander Road Prototyp e Offset and Corner Baffle Fishways
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James Cook University School of Engineering and Physical Sciences

Culvert Fishway Design Guidelines: Part G — Baffle Fishways for Pipe Culverts
Appendix G1 — Solander Road Prototyp e Offset and Corner Baffle Fishways
1 SOLANDER ROAD BAFFLE FISHWAYS FOR PIPE CULVERTS

The prototype fishway facility for pipe culverBrototype Fishway #3) was developed at the
Solander Road culvert / causeway crossing a¥émsity Creek in late 2005 (Boxes G1A.1 and
G1A.2). This is a full-size facility comprising tluéfset baffle and corner “Quad” baffle fishways
in culvert Barrels 1 and 2, and several ofigway components, including a rock ramp / cascade
fishway in the downstream channel and arafraffle fishway on the culvert outlet apron.
Dedicated monitoring facilities are incorporated itite culvert structure to allow hydraulic and
biological monitoring of fishway performance thg flow events in University Creek. The
Solander Road crossing itself consists of addbaipe culvert (1200 mm diameter x 7.4 m long)
with an invert slope of 1 in 50 or 2.0 % (fall 0.15 m over culvert length). The culvert has an
overtopping causeway above the pipe barrels, adlopacrete apron at the pipe outlets, and
(prior to remediation) had a downstream dropnoire than 0.5 m to the stream bed level.

The offset baffle is a pool type fishway thatritended to provide suitable conditions for fish
passage under relatively high velocity conditionthimculvert. The offset baffle fishway design
for the Solander Road pipe culvert is a sligmigdified version of the standard offset baffle
design for pipe culverts (Engel 1974), in whible geometric configuration of the baffles is
defined relative to the width of the top of the fishway for the adopted minimum baffle height of
150 mm. The corner “Quad” baffle fishway isigbrid roughness and pool type fishway that is
intended to provide suitable conditions for fish pasdagflow depths up to about half pipe full.

A truncated quad shaped baffle is placed perpeiali to the culvert flow on the lower quadrant
of the pipe, with the baffle spacing for tBelander Road culvert matching that of the
perpendicular baffle for the offset baffle figay design in Barrel 1 (Boxes G1A.1 and G1A.2).

Box G1A.1: Solander Road fishway for pipeculverts (Prototype #3) established in
University Creek (Source: Ross Kapitzke)

Prototype fishway showing rock ramp and Corner “Quad” baffle fishway in Barrel 2 —
apron baffle fishways — looking U/S (09/04/06 looking upstream (10/04/06)

The offset baffle and corner “Quad” baffle fishwaysre installed in culvert Barrels 1 and 2 with
the intention of overcoming fish migration barriers associated with high velocities, excess
turbulence, regular cross section and lack of resting place along the culvert barrels. Overall,
barriers to fish migration at the Solander Roalvert without the fishway may be produced in
various flow conditions as a result of the following:

excess turbulence downstream of the culvert at high flows

water surface drop downstream of the apron at low flows

shallow water depths on the downstream apron at low flows

high velocities at the culvert outlet and on the downstream apron

high velocities and excess turbulence within the culvert barrel

regular cross section and lack of resting place along the culvert barrel

X X X X X X
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x high velocities, turbulence and constrictiorihag culvert inlet during low and high flows

Monitoring and evaluation of the hydraulic and biological performance of the offset baffle and
corner “Quad” baffle prototype fishways fpipe culverts, as well as for the other fishway
components at the crossing, was undertakenawve wet season (2005/06). Hydraulic laboratory
modelling of the baffle fishway designs for the pipes was undertaken on a 1:3.3 scale model of
the installation to examine hydraulic performanbaracteristics for a range of flow depths. The
following sections describe the findings of figdbtotype and laboratory model testing, and
evaluate the hydraulic and biological performacicaracteristics of the offset baffle and corner
“Quad” baffle fishway design for pipe culverts.&material presented here is taken principally
from the reporSolander Road pipe culvert fishway (Prototype Fishway # 3): Case study project
design and prototype monitoring report to April 208&pitzke 2007b).

Box G1A.2: Solander Road pipe culvert — offsesind corner “Quad” baffle fishway configuration
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corner “Quad” baffle fishway barrels, buts generally obtained from the three most
downstream baffle sets where the deepest domditions in the culverts applied.

Monitoring events established data as partsgrées of flow cases with various headwater values

VER2.0 -/04/10

and combinations of flowing or closed cdiwhs for the pipe culverts. Cases were named
according to the flow status of the culvempéifishway zones and the headwater depth (e.g.
CCO0X20 = Fishway Zone C — culvert barrall, barrels flowing, headwater 200 mm).

Box G1A.3: Fishway operation and hydraulic monitoring(Source: Ross Kapitzke)

Manipulating nib wall flow control boards at
culvert inlet (11/04/06)

Velocity measurements on apron downstrean

of culvert fishway barrels (27/01/06)

2.2 Hydraulic monitoring results for 2006
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Box G1A.4: Solander Road prototype fishwayelocities and flow depthdor 2005/06 field monitoring eents — Barrel 1 offset bafle fishway

u/S Baffle Set 1-2 Baffle Set 2-3 Baffle Set D/S
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Box G1A.5: Solander Road prototype fishwayelocities and flow depthdor 2005/06 field monitoringevents — Barrel 2 corner “Quad” baffle fishway
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Box G1A.6: Flow characteristics in offset baffle fishwaySource: Ross Kapitzke)

One standard baffle height flow depth — One standard baffle height flow depth —
looking D/S (11/04/06) looking U/S (11/04/06)

Two and one half standard baffle heights flow| Two and one half standard baffle heights flow
depth — looking D/S (11/04/06) depth — looking U/S (11/04/06)

Box G1A.7: Flow characteristics in corner “Quad” baffle fishway(Source: Ross
Kapitzke)

One standard baffle height flow depth — One standard baffle height flow depth —
looking D/S (11/04/06) looking U/S (11/04/06)

Two and one half standard baffle heights flow| Two and one half standard baffle heights flow
depth — looking D/S (11/04/06) depth — looking U/S (11/04/06)
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Box G1A.12: Major outcomes and findings from biological monitoring — to April 2006

Flow cases, fish monitoring methodand general fish movement conditions

x a series of fish surveys and biological monitoring Haaen undertaken in University Creek and at the Solander
Road prototype fishway over severaivil events from January to April 2006

x observation of fish at the Solander Road crossing facasgéhe movement behavioamd fish passage success of
individuals or schools of fish within and through tragious fishway componentsyt included no systematic
guantitative surveys of fish movementdabgh the fishway under various flow conditions

Fish movement behaviour and fish pasage effectiveness — general findings
X 6 native species were found in Unisigy Creek upstream of the Solanéad culvert crossing during the 2006

surveys, demonstrating the success of the fishway inngaahi6 species that had migrated upstream to beyond|the

Discovery Drive crossing

x comparative performance of the fishway over several ywgasto fishway development shows that in 2003 — 2005,

up to 8 native species migrated upstream to then8etaRoad crossing but no species succeeded in passing
upstream of the culvert

Fish movement behaviour and fish passage effectiveness — pipe culvert fishway barrels

x successful fish passage through the culvert fishway occatifémlv depths up to abotwo standard baffle heights
within the pipe culvert barlg with high energy flow conditions atelpipe barrel outlets and on the apron slabs
limiting fish passage at higher discharges

x small and large fish species that successfully passe@apsbreyond the Solander Road culvert apparently used a

burst and rest swim pattern to negotiate through thessefifishway zones associated with Barrels 1 and 2

x no fish were successful in passing upstream through pléwvert Barrels 3 or 4, or over the corresponding
downstream culvert outlet apron slabs, which werefitted with apron baffle fishway devices

x fish experienced some difficulties in moving throughithterfaces between the apron baffle fishways and the
fishways within the pipe barrels due to incompatitydraulic conditions between the fishway components
associated with flow patterns, water surface drops, and turbulence

x fish entering the lower end of culvert Barrel 1 with tffiilset baffle fishway were generally able to negotiate
upstream to the culvert inlet, with glass perch olE®moving over the perpendicular baffles at low flow
conditions, and Plotosid catfish moving througffiinvs up to about two baffle heights flow depth

x although limited information is availabé the performance of the corner “Quadadiffle fishway in culvert Barrel 2
a specimen of Plotosid catfish was observed at the dans end of the fishway, where hydraulic conditions
appear conducive to fish moving through this barrel

Suggested further biological monitoring and prototype testing
x fish surveys in University Creek reaches upstreamdamchstream of the fishway to assess its fish passage
effectiveness during flow events in theek of various magnitudes and seasonal timing

X quantitative surveys of fish species diversity andralance moving through the various fishway components under

a range of flow conditions, including the proportion shfpassing through the facility, and the relative passage
effectiveness of the fishway components

x observational data on fish movement behaviounthaound the culvert and fishway zones, including fish
swimming ability in various hydraulic conditions, toleranacéurbulence or adversefll conditions, response to
attraction flows, delay time in passing througtadjacent to the various fishway components

x biological monitoring of the facility in conjunction with saulic monitoring and adaptation of the fishway desig
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4 HYDRAULIC LABORATORY MODELLING

Hydraulic laboratory modelling has been usedanjunction with the Solander Road prototype

in the development and testing of the offsdfleand corner “Quad” baffle fishway designs for
pipe culverts. The laboratory modelling is used@ompare the performance characteristics of the
fishway models with those of the Solander Rpaatotype fishways, and to consider design
adaptations that may be suitable for various culvert fishway installations.

This section describes hydraulic laboratory modglfior the offset baffle and corner “Quad”
baffle fishways for pipe culverts undertaken at the hydraulic model facility at JCU School of
Engineering. The major outcomes and findings for the work until 2006 are summarised,
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X velocity variation with flow lgters (one, two and three standard baffle heights) at critical
points within baffle sets for the maximum flow case (three baffle heights flow depth)

X velocity variation at critical points for partiar flow layers and flow depths with varying
culvert slopes

X variations in dimensionless discharge and diriogrhass velocity at key points in the culvert
with dimensionless flow depth

X comparison between hydraulic characteristicgasious fishway designs, the plain culvert,
and prototype fishway facilities (tested in the field to a maximum flow depth of 500 mm)

The effects of the offset and corner “Quad” baffshways on velocities within the fishways, and
on flow circulation and shelter / flow retardanveighin the various flow layers, can be seen from
the photographs of flow within the culvert fighys (Boxes G1A.13 — G1A.16). The velocity and
flow depth data that is acquired encompasses the litove layer 1 for the range of flow depths /
discharges, and flow layers 1, 2 and 3 for the maximum flow depth / discharge case. The flow
pattern interpretations of surface and subsurfiagelines (Boxes G1A.15 and G1A.16) relate to
the lower flow layer for flow depths up to onarstiard baffle height flow depth, and the lower
and upper flow layers for flow depths of twomore standard baffle heights flow depth.
Comparisons can be made with data for thengtaivert and for the prototype fishways (Boxes
G1A.4 and G1A.5), which are available for flaepths of up to 2.5 standard baffle heights.

Box G1A.13: Pipe culvert offset baffle fishway flow patterns — 4.5 % slopg&ource:
Model testing — Jason Coe; Photo — Ross Kapitzke)

One standard baffle height flow depth: Dye One standard baffle height flow depth: Dye
inserted on left showirg flow obstruction / inserted on right showing flow obstruction /
shelter within baffle field on left (18/08/06) shelter within baffle field on right (18/08/06)

Three standard baffle height flow depth: Dye | Three standard baffle height flow depth: Dye
inserted on left showing unobstructed surface inserted in middle showing unobstructed

streamline swinging to centre (18/08/06) central streamline above baffle field
(18/08/06)
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Box G1A.17: Major outcomes and findings from hydaulic laboratory modeling of offset baffle and
corner “Quad” baffle fishway for pipe culverts (model results after Coe 2006; prototype data from fig
testing — see Section 2.3)

x flow obstruction within the baffle celBnd in the invert of the fishway indicates that the fishway may cause some
debris obstruction and blockage

Flow characteristics of corner “Quad” baffle fishway

x flow through the corner “Quad” baffle fishway at one and standard baffle height flodepths retains streamlined
flow on the open side of the culvert outside the baffle field,causes flow obstruction / shelter on the baffle side of
the culvert, with some flow re@ulation within the baffle sets

x flow through the corner “Quad” baffle fishway at threx dour baffle height flow depth produces a narrower zone
of flow obstruction / shelter in upper flow layers on the bafitke of the culvert, with a wider zone of high velocity
flow on the open side

x for the corner baffle fishway at 2% culvert slope, velociiethe outside edge of the corner “Quad” baffle in the
lower flow layer are in the range 1.0 m/s to 1.4 mfsifecharge ranging from one baffle height to four baffle
heights flow depth, compared with prototype velocitiethatbaffle edge of about 0.5 m/s for the low discharge

x for the corner “Quad” baffle fishway at 2% culvert slopaface flow velocities at the outside edge of the corner
“Quad” baffle are in the range 1.1 m/s to 1.3 m/s as sehdrge increases from one baffle height flow depth to four
baffle heights flow depth, compared with surface flow veloc
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