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| tormwater Industry Assoc of Qld, Technical Event, Brisbane, 30/09/10 || Convergence of goals: Waterways / Stormwater / Aquatic connectivity ﬂ

- Aims of my talk
' S |
2 L«“ 3 »

//,y/

| Evolution of values and goals |

Place fish passage design in a stormwater context Drainage / utility
-

» Outline fish passage design concepts for waterway sites

Stormwater management / WSUD

» Water quality improvement
» Flood protection / drainage
» Habitat enhancement

» Amenity & recreation values

» lllustrate culvert fishway design applications / projects |
>» Provide a leg up to Fishway Design 101 and beyond

||Presentation outline ||

»  Waterway, stormwater and fish passage design — convergence » Flooding / erosion / utility Aquatlc_.fauna connectivity
» Habitat / biodiversity =

» Stream process / water g

>» Migration barriers and multipurpose design requirements

» Fish passage design approaches — merits and applications » Operation, safety & amenity

»  Fish passage design and mitigation options » Fish passage

» Prefabricated fishway system — design and performance » Drainage, utility, stream integrity
. . . . i » st / i it

» Fish passage planning and design — pathway for designers Multiple goals ream processes fenvirenmen

» Operation, safety & amenity
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Values and goals: Stormwater management / WSUD

u
Water quality improvement
; TR e

Values and goals: Stream management / Waterway enhancement
- -

Flooding / erosion / utility
]

Operation / amenity

amenibZZiecieation Drainage / utility Stream process / environ. ! Operation / amenity
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Human impacts on riverine ecosystems / stream environment

After: Kapitzke, Brizga & Arthington 2004, 5 International Ecohydraulics Symposium, Madrid, Sep 2004

Stream
environment

Bio-physical
condition

Riparian zone
management

» Geomorphology xVatelr resou:ce
evelopmen

»  Flow / hydraulics
»  Water quality

Pl »_ Riparian ve veg_tatlon_\
»  Aquatic habitat

| > Fish/ aquatic faung,
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||WatenNay enhancement / mitigation design: Multiple objectives \|

After: Kapitzke 2003, Proceedings of the National Environment Conference, Brisbane, 18-20 June 2003

Flooding / drainage / utility Stream processes / water quality
»  Ensure stormwater drainage function >  Retain natural stream processes
»  Maintain flood flow capacity »  Maintain water quality in stream
»  Prevent flood and erosion damage »  Prevent public health problems
»  Minimise sediment / debris blockage
»  Protect land, infrastructure & utility

Habitat / biodiversity Operation / safety / amenity

—— e =

> Improve aguatic habitat resilience N » Minimise ongoing maintenance
| »  Enhance habitat diversity & abund. | »  Ensure public safety

I »  Mitigate barriers to fish passage »  Maintain visual amenity of site
ed ﬂ'ote_ct ri_pariin &_inst_rea&hzﬁtab »  Minimise impact on recreation

»  Control exotic animals & plants
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||Aquatic habitat values for urban waterways ||

Hydraulic habitat diversity Bank erosion and stability

> Pools &riffles »  Bankslope & cover
»  Bends & bars » Bankstructure
» Velocities & depths » Erosion & sediment

Native vegetation »  Overhanging vegetation
Overstory & cover »  Aquatic vegetation

Riparian corridor »  Logs & boulders :
Bank and verge vegetation In-stream cover E i '3
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HAquatic habitat: The conceptual barrier remains for designers ﬂ

Common limitations of waterway modifications

» Regular channel form and bed gradient

»  Altered substrate and channel processes
»  Lack of pools, riffles, benches and bars
» Reduced bank vegetation and in-stream cover
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|| Stream rehabilitation: Stakeholder perspectives - 10 years ago ||

Landholder ....Stop talking about it and do something
Community ....we don’t have enough government funding
Stream manager ....we need a strategic plan

Field officer ....we need to do more than plant trees
Design consultant ....the client wont pay us to investigate that
Civil engineer ....we are being taken over by the planners
Beginner ....Its too hard and there are too many bits
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|[spatial & temporal planning and design hierarchy for waterways ||

After: Kapitzke 2002, Planning and design for sustainability, IAIA Conference, The Hague, June 2002

Strategic planning / Local hot spot /
Prioritisation Opportunity

Bioregion | Catchment / Reach / Site / '

it

Local Auth _ Subdivision _Precinct Regional

Strategy / biodiversity / water plan
concept

Catchment
Feasibility strategy / Urban SWQMP

Implementation Stormwater pian
P / Rehabilitation priorities

Monitoring &

review

Feasibility design
/ Slte implementation
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|| Mitigation design: Statutory, community and technical framework ||

After: Kapitzke 2003, Proceedings of the National Environment Conference, Brisbane, 18-20 June 2003

IStatutoryI ITechnicaI I ICommunity I

Site Assessment
Management ! Management
» Catchment hydrology
» Habitat assessment

Statutory provisions P REDE D I Stakeholders
5 » Topographic mapping g
» Policy & legislation » Property owners
> Permits & licences Planning & Design » Other stakeholders
» Agency consultation » Barrier evaluation

» Environmental impacts

» Option evaluation

» Layout & configuration

Planning and design for aquatic fauna connectivity / fish passage
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|| Freshwater fish values \l

Freshwater fish spend all or part of their life cycle in freshwater environments

Commercial fisheries Recreational fishing

m_(- Mullet * Australian bass
A

Conservation & biodiversity Traditional/cultural values

- Gudgeon D Long finned eel

| Migration requirements for freshwater fish ||

» Life cycle stages - Spawning and growth dispersal

» Recolonising habitats in response to flood or drought
» Compensation for downstream drift

» Gene flow through evolutionary-scale movement
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ﬂ Stream zones, fish life cycles, habitat zones & migration ﬂ

I| Wholly freshwater y

Stream Zones

Lowland / floodplain /
freshwater wetland

Potamodromous

Intermediate / transfer I |

.

iV
Anadromous Catadromous

Freshwater spawning Marine spawning

- Spawning habitat
|

Adult spawning

Juvenile disp

Growth habitat

=ss=s® Adult dispersal migration
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|Fish migration barriers in a catchment ||

Dams, weirs, barrages

® Flood gates, tide gates

&
Culverts, causeways ® Drop structures

oy
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||Fish migration barriers — small waterway structures ||

Dams, weirs, barrages

Control structures, drop boards 4

5D s oo,y s 101 SAQ il e, e 00910t Qoo T 1 o o
d alaman

Fish migration barriers — urban waterway structures ‘l

Weirs, barrages, grade control Channelisation & simplification
— -

r

Culverts, causeways e

z% 3009/10  Ross Kapitzke_Fishway design 101_SIAQ technical event, Brisbane 30 09 10_ross. kapitzke@jcu.edu.au 18 w - -~
d alaman

30/09/10 Ross Kapitzke Fishway design 101_SIAQ technical event, Brisbane 30 09 10_ross.kapitzke@jcu.edu.au



Fish migration barrier problems

30/09/10

¥ =

g turbulence

culvert inlet, outlet, barrel

- Y

||Movie 1 — Fish migration barrier Solander Road crossing ||
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|[Establishing fish passage design for road crossings in Australia ||

Aquatic fauna connectivity contrasts: Northern Hemisphere & Australia

| Waterway type and hydrology |

» Inter-annual flow variation
»  Seasonal flow variation

»  Perennial / intermittent flow

Fish species movement behaviour

»  Anadromous / Catadromous
»  Swim capability
»  Ability to jump

Waterway crossing structure type ]

>»  Pipe culverts / box culverts
»  Single cell 7/ multi-cell

Source: Kapitzke 2010, Culvert Fishway Planning and Design Guidelines
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|[Fish passage mitigation measures for road-waterway crossings |

‘ Overall waterway ‘ ‘ Culvert inlet, outlet & downstream ‘ ‘ Culvert barrel ‘

Arch culvert

i -

Bridge- Block Ramp

Apron baffles Baffles
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| sh passage design approaches for road crossings: North America I

Stream simulation » Requires equivalent channel area

Arch | o Requires similar substrate / bed
(e ) LR »  Difficult to achieve for culverts

Plain culvert » Requires large cross section

1 Jocit » Ponded water required for depth
ow veloci
Y »  Often larger than channel area

Hydraulic design »  Pool type fishway suited to fish
»  Distinct hydraulic conditions

Baffles / Ramps »  Applied to range of situations

»  Difficult to configure / construct

. »  Non distinct hydraulics
Rocks in bed »

Hybrid design

Speculative and untested

Source: Kapitzke 2002, Travelling fellowship report — Europe and North America
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Why baffle fishways can still be used for culvert barrels

impractical to achieve prolonged swim speed conditions in plain culvert ~ 0.3 m/s
— o x -

effective fish passage, flow conveyance, debris and sediment clearance

- used in dedicated barrel within multiple barrel culvert facility S

suited to new culverts (mitigation) or retrofits (remediation) — without removal
" mar T e—— =

|| Typical hydraulic barriers at waterway crossing zones ||

Source: Kapitzke 2010, Culvert Fishway Planning and Design Guidelines

T

]

‘ZmneD‘ ‘Zonec‘ ‘ZoneB‘ ‘ZnneA‘

High velocity J J J J
Flow depth J J J
No shelter J J J

Turbulence J J J J

Water drop J J J
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|[Fishway component types for culverts and open channels ||

After: Kapitzke 2010, Culvert Fishway Planning and Design Guidelines

| Baffle fishways for box culverts |

» Offset baffle fishway
»  Corner “EL” baffle fishway

Baffle fishways for pipe culverts

» Offset baffle fishway
»  Corner “Quad” baffle fishway

Ramp fishways for drops / channels

»  Rock ramp / cascade fishway
»  Block ramp fishway
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|| Application of fishway components in hydraulic zones ||

After: Kapitzke 2010, Culvert Fishway Planning and Design Guidelines
28 / Y =)
Al

3 . ‘ZoneD‘ ‘Zonec‘ ‘ZoneB‘ ‘ZoneA‘
% Offset baffle - box J J J
- Corner “EL” baffle J g 4
Offset baffle - pipe J
Corner “Quad” baffle J
Rock ramp / cascade J J
Block ramp. J J J

Ross Kapitzke_Fishway design 101_SIAQ technical event, Brisbane 30 09 10_ross kapitzke@jcu.edu.au 28 w ) -
alaman

|[ Prototype fishway design, development and testing \l

| Prototype #4 Discovery Drive corner baffle fishway |

O s ooy 10151 i v B 018 0o e B (L o
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5 R oo B e F!
13 native species observed in 2003

Eastern rainbowfish £
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University Creek Discovery Drive prototype culvert fishways

|| Discovery Drive Offset Baffle fishway for box culverts

Discovery Drive Corner “EL” Baffle fishway for box culverts

N

F

|[Douglas Arterial Road Rock Ramp fishway — design & construction || DoUBIES ARG Reak REms Tamay fer eamn dremmas]
P '

e

Douglas Arterial Road prototype Rock Ramp fishway

~ Iniriad diversion drain
prapasal
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Solander Rd Rock Ram Cascade flshwa for open channels

culvert fishwa

T

=1 Objectlves

- » Provide fish passage and remedlate degraded Waterway crossing
»  Establish prototype fishway for pipe culvert and causeway
»  Provide demonstration site for managers, designers & community

- Scope of work ",
»  Aquatic habitat and connectivity assessment for University Creek
»  Fish migration barrier assessment and evaluation of mitigation options
» Design, fabrication and installation of prototype fishway facilities

»  Hydraulic and biological monitoring and evaluation of fishways

Solander Road Corner “Quad” Baffle fishway for pipe culverts

[[IMovie 2 — Hydraulic laboratory model testing of fishways ||

Qoo
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Solander Road crossing: Barriers to upstream migration

[ D-—Culvertinlet & upstream channel

Source: Kapitzke 2007, Solander Road pipe culvert fishway case study design and prototype monitoring report

A — Downstream channel & drop-off

»  Excess turbulence
»  Water surface drop

/~ B-_Culvertoutlet & apron slab

shallow flow

High velocities

4-Barrel pipe culvert, causeway and apron
Ross Kapitzke_Fishway design 101_SIAQ technical event, Brisbane 30 09 10_ross kapitzke@jcu.edu.au
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| Solander Road prototype culvert fishway 2005 - Section ||

Source: Kapitzke 2007, Solander Road pipe culvert fishway case study design and prototype monitoring report

[ D- culvert inet / fishway exit works | A- Rock ramp / cascade fishway

4-Barrel pipe culvert, causeway
and apron Cascade rock
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|| Movie 3 — Solander Road Prototype #3 — performance ||

=

T UsaNT
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Upgrade existing prototype fishway to permanent facility
Enhance fish passage performance and monitor effectiveness
Provide demonstration site for managers designers & community

Review fish m|grat|on barrier assessment and design requlrements
Concept design of mitigation options / evaluate suitability

Design, fabrication and installation of fishway facilities
Hydraullc and biological momtormg and evaluation of fishway

|| Fish passage design for waterway structures — Multiple objectives ||

After: Kapitzke 2010, Culvert Fishway Planning and Design Guidelines

] Q)

»  Provide for fish passage over range of fish migration flows in the stream
»  Provide suitable hydraulic conditions for fish — velocity, flow depth.

»  Provide flow continuity, fish pathway, attraction flows and exit conditions
» Ensure adequate light and other suitable environmental conditions

»  Minimise obstruction to flow to not adversely affect flooding / drainage

»  Minimise effects of debris accumulation and sediment deposition

» Prevent flood / erosion damage & maintain structure / waterway integrity
»  Maintain natural flow regime, geomorphic and ecological processes

»  Protect riparian and instream habitat and provide for fauna connectivity

»  Provide for monitoring, access and maintenance of fishway facility

»  Avoid public health problems, provide for safety, maintain amenity

3009110 Ross Kapitzke_Fishway design 101_SIAQ technical event, Brisbane 30 09 10_ross kepitzke@icu.edu au
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[[solander Road fishway upgrade 2010: Design requirements ||

Source: Kapitzke 2010 Solander Road crossing waterway approvals and summary design report
A — Downstream channel & drop-off
Drop=0.2-0.6m

- » Provide suitable tailwater
levels / drops

D — Culvert inlet & upstream channel

V=05-2m/s
» Provide suitable velocity /
depth / shelter conditions

» Provide upstream shelter » Ensure adequate shelter

C - Culvert barrel

/ B - Culvert outlet & apron slab
V=3-35m/s /

» Provide suitable velocity //
depth / shelter conditi };.é

» Provide flow contlyf

V=3-4m/s )
» Provide suitable velocity / ~
depth / shelter conditions
»  Provide attraction flows

A

e~

4-Barrel pipe culvert, causeway and apron
30/09/10  Ross Kapitzke_Fishway design 101_SIAQ technical event, Brisbane 30 09 10_ross kapitzke@jcu.edu.au a6

Wialaman

|| University Creek Solander Road fishway - Upgrade 2010 |

Abigroyp T

ottaning A [———

Notes

« The Black Ramp Fishway Ridge
Block unit i registered under the
Designs Act 2003 with Registered
Design No 328585

« The Offset Baffle Fishway Oblong
Baffle Channel unit i registered
under the Designs Act 2003 wit
Registered Design No 328587 - . Barrel No 1 ~

Offset Baffle Pie fishway - Pipe barrel #2

‘Quad Baffle fishway - Pipe barrel # 1

\\ Existing 4-barrel culvert and causeway

Barrel No 2 -
N\

N
Solander Road Culvrt outlet

fan— University Creek

" -
Offset Baffle fishway ~ Culvert outlet apron e

Block Ramp fishway — Culvert outlet apron =
e =

E—
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Tully Murray floodplain — Bruce Highway Corduroy Creek

ALNSELL ﬁ

» 12 Class A corridors
» 7 Class B corridors
» 5 Class C corridors

Road-waterway crossing structures

» 5 multi-span bridges

» 6 multi-cell box culverts with fish passage
(1 integrated fish / fauna culvert crossing)

» 1 farm access pipe culvert with fish passage

Ross Kapitzke Fishway design 101_SIAQ technical event, Brisbane 30 09 10_ross.kapitzke@jcu.edu.au
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il Fish passage design flow conditions — Tully Murray floodplain

»  Flowdepth <~ 0.5m
»  Inundating channel bed

Medium flow b

» 0.5m<flowdepth<~15m
»  Below low flow channel bench

||Tu||y Murray fish community and nominal swim speeds ||

Source: Kapitzke 2007, Bruce Highway Corduroy Creek to Tully fish passage road corridor scale assessment

Native freshwater species

® Catadromous — 14 species ..eels, barramundi, jungle perch, goby
® Potamodromous — 33 species .. catfish, gudgeon, glass perch, blue eye
® Amphidromous — 11 species .. garfish, mangrove jack, mullet

Nominal swim speeds

Fish size range Prolonged speed (20 see | Burst speed (5 10 20 sec
to 200 min duration) duration)

ALS - Adult upstream spanwning migration

Medium sire fish species (adults 15 ¢m - 25 cm) !Il_ﬂ msto0.75ms ]IJ.H msio 1Lims

Small size fish species (adults < 10 cm) l0.28 s Josms

AUD - Juventle upstream dispersal migr

Medium — large siec fish species (uveniles o 3 mis b |0 ms ]up w A ms

Simall siee fish species Guveniles o 10 cm) [0 s/s b 03 s J02 s woems
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|| Box culvert crossings: Barriers to upstream migration ||

D — Culvert inlet & upstream channel A — Downstream channel
[ Low flow Medium flow Low flow Medium flow

» Shallow flow > High velocities » Lack of attraction » Lack of attraction
» Lack of shelter flow, flow.

’* C - Culvert barrel

‘ V=0.2-0.5m/s r B - Culvert outlet & apron slab )
Low flow Medium flow / Low flow [ Medium flow | /
\
'\ Shallow flow > High velocities » Shallow flow > High velocities /

» Lack of shelter » Lack of shelter

N
=l e [amen]
| T

.
= /
N

/]
|
|

Multi-cell box culvert

||Ve|ocity barriers — Fish swim modes and swim speeds ||

1
Flow

[cownime] e [cuberbamel] Cuertautt

Required swim speed for fish to negotiate culvert — full or partial length ‘

Culvert velocity ~ Mode 1 —full length (15 m) Mode 2 — baffles (@ 2 m)
0.3m/s ~03m/s 1.05 m/s ~03m/s
0.6m/s ~0.6m/s 1.35m/s ~0.6m/s
0.9m/s ~0.9m/s 1.65m/s ~0.9m/s

Prolonged speed — maintained for 20 sec to 200 min  Burst speed — maintained for 5 to 20 sec
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[[Box culvert crossings — Corner “EL” baffle fishway designs |

affle / floor baffle fishway
/ Corner e fishway
c

‘ /\{/ “EL" baffle / floor baffle fishway

‘
Medium flow
-
= /
I

K Low flow nib wall at inlet to barrels without fishway

Barrel 1 Barrel 2 Barreln

Mutticell box culvert

\1 Corner “EL” baffle fishway

O s ooy s 10151 i v, Srar 018 0o e 5 UL o
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1
i Enoggera Creek Bennett Road — Culvert fishway project [
+ 1 ] e e .

4 Objectives

»  Improve aquatic fauna connectivity for Enoggera Creek system
»  Establish prototype fishways for typical urban waterway structures
»  Provide fish passage demonstration sites for community and practitioners

Scope of work i

»  Aquatic habitat and connectivity assessment for Enoggera Creek reaches
»  Fish migration barrier assessment and evaluation of mitigation options

L. » Design, fabrication and installation of fishway facilities
»  Hydraulic and biological monitoring and evaluatio[\ of fishways o

30/09/10 Ross Kapitzke Fishway design 101_SIAQ technical event, Brisbane 30 09 10_ross.kapitzke@jcu.edu.au




|[Bennett Road culvert fishway Assembly ||

o T R fiacia )

%ﬁm i

P
e
=
Walwman Fishways - ¥ e culvert fistvweay ~ Project design.
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|| Bennett Road culvert fishway — Scene sequence — Culvert barrel ||

1

[T

=) “Shnmisg wrieeA

Walaman Fishways ¥ Bannatt

Scana sequance — Cubvert barrel
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| Bennett Road culvert fishway — Scene sequence — Outlet drop ||

1 shemysy o e =

Walansan Fishways - Orishane City Councll - Ber =Fcwne oy b
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| Bennett Road culvert fishway — Scene sequence — Culvert apron ||

o sdmys ursieem -

Walaman Flshways ity Conmcil ~ equen e
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[ Movie 4 — Enoggera Ck Bennett Rd culvert — Hydraulic barriers |

[ ]
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|[Movie 5 — Enoggera Creek Bennett Road fishway — Initial flows ||

[ ]
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I Enoggera Creek Bennett Rd fishway — Debris and flow conveyance ||

Debris at fishway exit / culvert entrance — Aug 2010
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W¥al3man | Design configurations — Box culvert and outlet drop ||

Top view

Barrel No 1

« The Block Ramp Fishway Ridge

Notes  Block unit is registered under the
Designs Act 2003 with Registered
Design No 328586
« The Offset Bafle Fishway Oblong
Baffle Channel unit is registered
under the Designs Act 2003 with
Registered Design No 328587

Inlet apron
Flow ==> 4

BarrelNo 1

B
Offset Baffle fishway | -

Looking upstream
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[Block Ramp fishway |

[0 queensiang

WlalZman Fishiays | Offset Baffle fishway |
_Enoggera Creek Bennett Road fishway
e -

L4 queensiang|

30/09/10

Walaman |IDesign configurations — Box culvert and inlet drop ||

-

{ Top view
Weir / drop |
Inletapron " parrelNo 2 VA " - oo
1 Notes  Block unit is registered under the

Design No 328586

« The Offset Batfle Fishway Oblong

p Baffle Channel unit s registered

“ X under the Designs Act 2003 _with
o Registered Design No 328587

Offset Baffle fishway
B *-7{ Block Ramp fishway

et apron
Looking downstream
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Agquatic connectivity impact assessment — Catchment / reach scale

———— ———

-
Identify aquatic connectivity barriers at catchment / reach scale
Evaluate barrier significance — habitat va/ue x barrier threat
Identify feasibility and priorities for barrier mitigation

Reconnaissance level habitat assessment

Fish community and fish movement behaviour

Barrier significance and connectivity impacts of structures
Mitigation options, effectiveness and feasibility

Prioritisation for barrier mitigation
Y -

Ross Kapitzke Fishway design 101_SIAQ technical event, Brisbane 30 09 10_ross.kapitzke@jcu.edu.au 11



Fish passage planning and design — Road corridor scal(ﬂ i

Objectives F 1{ a -
Tkl 17 4 ' 4

» Identify fish movement corridor crossings of road corridor

»  Establish aquatic connectivty goals and design characteristics

» Identify priority waterway crossings for fish passage (& integrated fauna)

Waterway character and fish habitat assessment
»  Fish species, fish movement behaviour and characteristics for design

Fish movement corridor locations and classification
Fish passage goals and prioritisation of corridor crossings
»  Mitigation design options for type crossings (and integrated fauna)

Optimising waterway crossing type and configuration

Fish passage planning and design — Site scale

Objectives
Identify fish migration barriers at waterway structure

»  Establish fish passage and multipurpose design requirements
Define and evaluate fish passage (and integrated fauna) faci

Scope of work et T T A

Fish habitat, fish movement behaviour and characteristics for design
»  Fish passage barrier evaluation — hydraulic zones

» Objectives, criteria and constraints for fish passage design

= » Fish passage options and evaluation for multipurpose requirements

~ » Design configuration of fish passage (and integrated faunii) facility

Retrofit or new: Remediation of barriers at existing structures; Mitigation design for new structures

»99 % of waterways are retained in the landscape
»many waterways are significant fish movement corridors
»high connectivity effectiveness is possible for fish at crossings

» effective mitigation design is a relatively low cost solution

»mitigation design can be achieved for retrofit or new structures
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