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Fish Passage Culvert Design
Part 3: Appendices G to M

Version 2, February 2026

Prepared and illustrated by: Grant Witheridge, Catchments and Creeks, Bargara, Queensland
Published by: Catchments and Creeks, Bargara, Queensland

Except as permitted under copyright laws, no part of this publication may be reproduced within
another publication without the prior written permission of the publisher.

Permission, however, is granted for users to:

9 store the complete document on a database, but not isolated parts of the document;
9 print all or part of the document, and distribute such printed material to a third party;
1 use extracts from the document for educational and training purposes.

All diagrams supplied by Catchments & Creeks remain the ownership of Catchments & Creeks.
No diagram or photograph may be reproduced within another publication without the prior
written permission of the Director of Catchments & Creeks.

This document should be referenced as:

Witheridge, G.M. 2026, Fish Passage Culvert Design 1 Part 3: Appendices G to M. Catchments
& Creeks, Bargara, Queensland.

Cover image: Drawing of single cell culvert emphasising terrestrial passage features.
© Catchments & Creeks, 2026

Note to Reader:

Readers should note that this document has been prepared by a civil engineer, and the focus is
on the engineering aspects of fish passage at engineering structures. The document has not
been reviewed by a fisheries biologist.

Disclaimer

To be effective, fish passage requirements at waterway crossings must be appropriately
investigated, planned, and designed in a manner appropriate for the given work activity and site
conditions.

Adoption of the recommendations and procedures presented within this document will not
guarantee:

(i) compliance with any statutory obligations

(i) compliance with fish passage outcomes

(i) compliance with the structural or flood control requirements of the culvert
(iv) avoidance of environmental harm or nuisance

(v) appropriate outcomes for waterways located outside of Australia.
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Related Catchments and Creeks field guides

A Glossary of Terms used in Culvert
Fishway Design

Catchments & Creeks Pty Ltd, 2017, Brisbane
Queensland.

This field guide provides photos and
definitions of terms commonly used by
engineers and fish biologists in the fish
passage industry with specific reference to
culvert design.

A Guide to Queensland Fisheries State
Code 18

Catchments & Creeks, 2024, Bargara
Queensland.

Published in October 2024.

Creek Erosion Field Guide Part2 i Bed
Stabilisation

Catchments & Creeks Pty Ltd, 2022, Bargara
Queensland.

Version 1, April 2021
Version 2, February 2022

Part 2 discusses the planning of creek erosion
treatments, fish-friendly bed treatment,
common properties of rock, the hydraulics of
grade control structures, fish-friendly and non
fish-friendly bed stabilisation techniques.

Bridge Scour Field Guide

Catchments & Creeks Pty Ltd, 2020, Bargara
Queensland.

Version 1, 2020

This field guide provides an overview of
current design guidelines for scour control
under bridges, with a focus on the use of rock.
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Purpose of field guide

This field guide has been prepared specifically to:

1 provide educational information on fish passage at waterway culverts

1 provide a quick reference guide to fish passage at culvert crossings

1 provide a pictorial supplement to the various State Fisheries policies and design guidelines.

Itis not the intention of this document to define the design standards for fish passage through
waterway culverts. Such standards need to be set by Fisheries representatives from the various
states and territories. This document is also not intended to be a detailed culvert design
manual . I nstead it is a O6supplementd to | oc3

This document represents the opinions and recommendations of just one person, the author,
who is a person without training in fish biology. As such, the document does not represent a
holistic or balanced opinion. Readers should seek additional advice from local experts.

The photos presented within this document do not necessarily represent current best practice,
but are intended to represent the current topic of discussion. It would be near impossible to
obtain a 6éperfect d Moinmgegphao) gresentecktiratitisrdocanent phioutdd .
be considered best practice without full knowledge of the site conditions.

About the author

Grant Witheridge is a retired civil engineer with both Bachelor and Masters degrees from the
University of NSW (UNSW). He has over 45 years experience in the fields of hydraulics, creek
engineering, and erosion & sediment control, during which time he had worked for a variety of
federal, state and local governments, as well as private organisations.

Grant commenced his career at the UNSW Water Research Laboratory (1981) constructing and
operating physical flood models of river floodplains. He later worked for Brisbane City Council
on creek engineering and stormwater management issues, before ended his career working
through his own company Catchments & Creeks Pty Ltd.

Foreword

If | am to be honest, the drafting of this three-part field guide has been one of the hardest
documents that | have had to produce. The basic problem was that | did not (do not) have the
same level of knowledge on this topic as | believe | have on the previous 60-plus field guides
that | had produced.

Throughout this three-part document | have gone to great lengths to point out that the design of
fish-friendly culverts is a team effort, involving several different disciplines; and here | am
drafting this document with only the knowledge and experience of just one of those disciplines,
civil engineering.

At the time of drafting this second edition of this field guide | had logged over 7,400 hours
drafting 65 different field guides, but that does not give me the required knowledge to tell
someone the complete picture of how to design a fish-friendly culvert. All | can do is present the
information as best | can, and insert several notes asking readers to seek their own expert
advice.

Readers should not blindly trust what | have written.
Readers should use their own professional judgement.

Designers should seek advice from their local or State government, and local Fisheries office,
with regards to the appropriate use of the information contained within this document.

Fi shel

I fully realise that there are somwmptapaetr 6beljil ess t h:

was 100% certain about 100% of what | was writing; but if that were the case then none of the
existing 65 field guides would ever have seen the light-of-day.
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Pho§9 supplied by Catchments & C}ree'ks Pty Ltd

Woody bridging debris (Qld)

Water safety

Culvert upgrade as part of road works

Appendix G i Blockages

1

Appendix G discusses the following
blockage issues:

- types of culvert blockage
- recommended design values of

blockage for culverts

- potential impacts of debris blockages

on fauna passage

- potential blockage control measures
- potential impacts of debris blockage of

traffic barriers.

Appendices H & | i Safety Risks at Culvert
Crossings

1

AppendixH T 6 Saf ety Risks
Cr o s s presgnts an overview of culvert
safety issues as first presented in the
Queensland Urban Drainage Manual
(QUDM).

Appendix I T6Cul verts Loc.
Pr obl e mpreSemts ihferiation on
culverts located on problematic soils such
as highly erodible soils, dispersive soils,
slaking soils, and acid sulfate soils.

Appendix J 1 Terrestrial Passage
Requirements at Culvert Crossings

f

Fish passage typically requires a water
depth that exceeds the body-depth of the
fish.

Terrestrial passage, of native fauna,
typically requires a
elevated above the dry-weather flow.

Both fish passage and terrestrial passage
are usually required at waterway culverts,
and these design requirements must be
appropriately integrated.

Appendices K, L & M

il

AppendixK i 6 Cul vert ,tbipgr
appendix discusses how problematic
culverts can be upgraded.

AppendixL T 6 Cul vert Upgr
St u d,ithis appendix provides examples
of both new and upgraded culverts.

AppendixM T 6 Ter mi ntlusl ogy 6
appendix provides a glossary of technical
terms as used within this three-part
document.

© Catchments & Creeks DRAFT, Part 3, June 2025 Page 8




Terminology

—

Wet and dry cells

T Nominated oO6wetdé and
order to promote the passage of both
terrestrial and aquatic fauna.

1 Wet cells have a floor level set below the
normal dry-weather water level.

1 Dry cells are designed to have a dry floor
during low-flow conditions, which helps to
promote native fauna movement.

1 Each individual cell in a multi-cell culvert
can be called a conduit, cell, barrel, or
even a culvert.

Box, pipe and corrugated culverts

1 A box culvert contains a rectangular
conduit.

1 A pipe culvert contains circular (pipe)
conduits.

1 A corrugated pipe culvert contains
corrugated, circular, metal conduits.

1 Anarch bridge is not considered to be a
6cul vert o beca+wxlesed t
conduit (i.e. the structure does not enclose
the channel bed).

| Bhoto su\pp{ied by Catchments & Cre.ekvs Py LIdARSEE
Corrugated pipe culvert (NSW)

" . Fish

1 With respect to fisheries legislation, the

term 6 f itypitally means any animal
species that, throughout its life cycle, lives:

- in water (whether freshwater or
saltwater)

- in or on foreshores
- in or on land under water.

1 Readers should refer to their local
fisheries legislation for their State or
Territory definition

. Waterway and fishways

)

| 1 Theterm 6 wat e typically i6cludes a
river, creek, stream, watercourse,

drainage feature, or inlet of the sea.

1 Readers should again refer to their local
Fisheries legislation.

1 Theterm 6 f i s hefers ¥ & constructed
fish ladder, structure or device, by which
fish can pass through, around, or over, a
fish barrierd the term is more commonly

| ‘ associated with structures not defined as
Photo‘sisg?l@ﬁw,‘atchmems & Creeks P! ( fish ladders

Waterway, watercourse, creek or stream
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Appendix G: Blockages
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Introduction

ENGINEERS
AUSTRALIA
Water Engineering

oy T i DY (‘~‘1 \
Photo supplied by Catchments'& Creeks Pty Ltd” , g

Debris blockage (QId)

Flows in Stream A
increased above the

design flow

Flows in Stream B
reduced below the
design flow

Increased flood levels

Stream A

Blockage Stream B

Flow bypass caused by blockages

After: Rigby and Silveri 2001

Flow bypassing caused by blockages

Reference document:

Project 11: Blockage of Hydraulic Structures,
Australian Rainfall and Runoff (AR&R), Report
Number P11/S2/007, March 2012, Engineers
Australia, Barton, ACT

W. Weeks, G. Witheridge, E. Righy,
A. Barthel mess and G.

This study resulted in Chapter 6 (Blockage of
Hydraulic Structures) of Book 6 (Flood
Hydraulics) of Australian Rainfall & Runoff
(2019).

Fish passage issues

1 From a fish passage perspective, the
critical issues are likely to be:

- potential blockage of essential fish
migration during those limited times
when fish migration is likely to occur

- potential blockage of day-to-day fish
movement if flood debris is not
removed in a timely manner after each
flood event

- the design of debris control structures
that can benefit fish passage.

Flood estimation issues

1 From a flood estimation perspective, the
critical issues are likely to be:

- the quantity and type of debris that
would reach the structure in the design
event

- the type, location, porosity, and timing
of a blockage at the structure

- the likely extent and coincidence of
such blockages across the catchment

- the impacts of the blockage on the
hydraulic performance of the structure

- potential impacts on adjacent
waterways if the blockage causes a
redirection of flows

- the impacts of the blockage on the
catchment, community assets, and
public safety

- the cost of post-flood maintenance.

9 The occurrence of all of these issues is
not a certainty, which means flood
modelling needs to consider the combined
probability (likelihood) of such events.

© Catchments & Creeks
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Glossary of terms used in culvert blockage
) ¥ @l Blockage

1 dlockage refers to the presence of debris
within or immediately adjacent to a
waterway and drainage structure that
reduces that structu
capacity.d6 (AR&R, 20

Blockage matter

1 dlockage matter refers to the material that
is likely to form th
the material primarily causing the
interference to hydr
2012)

T 6Such materi al i's un
blockage of a structure without the
presence of suitable
(AR&R, 2012)

Bridging matter

1 ®ridging matter refers to the material of
sufficient size and strength to bridge
across the opening (inlet) of a structure
and on which blockage matter can collect,
thus potentially resulting in the full or
parti al bl ockage of
2012)

f 6Bridging matter can
caught on a debris screen, or as large as
logs, cars and mattresses trapped at
culvert inlets.é& (AF

Photo supplied b,y Catchments & Creeks Pty Ltd B .
Log O6bridgingd acros
‘ Debris availability

1 ®ebris availability refers to the presence
and quantity of particular types of debris
within the source ar

T 6The critical types
the geometry of the various hydraulic
structures located within the catchment
and more than one type of debris may
need to be considere

T e

Readily available urban debris (Qld)

© Catchments & Creeks DRAFT, Part 3, June 2025 Page 12




Glossary of terms used in culvert blockage

Debris transportability

1 ®ebris transportability refers to the ease
with which the mobilised debris is
transported down a stream or along a
drainage channel to
2012)

Easytransportation of floating matter

¥ Design blockage

1 ®esign blockage refers to the most likely
blockage conditions that can be expected
to occur during a design storm of a given
frequency. 6 (AR&R, 2

T 6t is noted that th
blockage for a 10 year ARI storm may be
different from that expected during a 100
year ARI storm. & (AF

T 6This amount of bl oc
in calculation of de
(AR&R, 2012)

Severe blockage

1 &evere blockage refers to the extent of
infrequent blockage that is considered
possible during the design life of a given
structure, say during exceptionally large
floods, but is unlikely to occur on a
frequent basis. o6 (AF

T 6Though termed 6seve
may not necessarily represent total
blockage of the structure, or even a
condition likely to result in severe
consequences. 6 (AR&F

Bhfe dupiodb s :
100 percent blockage of a culvert (Qld)
x { L\ AR Structure interaction

1 &tructure interaction refers to the
interaction between debris arriving at a
structure and the st

T 6t is highly influen
quality of debris arriving at the structure
and specific aspects of a structure, such
as inlet diameter or waterway width, as
these govern the propensity of the

structure to block.
T 6his is also affecte
any countermeasures such as debris
deflectors that are planned to limit the
Partial blockage of a thin -deck culvert i mpact of blockage.
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Types of culvert blockage

/Eho;g éqpplied b’y Catchments & C_:reéks Pty Ltd
Woody bridging debris (Qld)
4

B
2, 7
e

733 S e >

100% blockage of a road culvert (QId)

S NN A G
réeks Pty Ltd Mg

Photo supplied- by. Catchlments & Gl

Partial sediment blockage of a culvert

Introduction

1 Sediment and debris blockages are
important because they can:

reduce water flow through a culvert
reduce fish passage
reduce movement of terrestrial fauna.

1 Flood debris can consist of:
- long grasses and leaves
- woody debris
- urban litter
- large floating objects.

Bridging debris (not the blockage of bridges)

1 Even though most flood debris is small
enough to pass through a culvert, this
material can become trapped at the
culvert inlet because:

- the material wraps around the legs of a
multi-cell culvert

- the material wraps around, or is
captured by a network of large woody
debr i $rt Hltdecaldert opening.

1 Bridging debris primarily consists of logs
and branches.

Top-down blockages

1 Top-down blockages are primarily
generated by floating debris, which mainly
collects around the top of the culvert cells.

1 This can mean that floodwater and fauna
can continue to pass under the debris
blockage.

1 If the flood level rises above the culvert
deck, the debris raft can become trapped
under traffic barriers, or captured by a
fencing/railing system, which can further
exacerbate local flooding.

Bottom -up blockages
1 Bottom-up blockages are generated by:

- the natural migration of bed sediments
that have been interrupted by the
culvert hydraulics

- introduced rural or urban sediment
runoff.

9 If the culvert is correctly sized, then the
natural migration of bed sediment should
pass freely through the culvert; however,
blockages can occur if the culvert is

designed to function

© Catchments & Creeks
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Sediment debris

gration of bed se

24 A A ) d F \

N

.;ﬁ"' 1

5 > - K. i - e
Photo supplied by Catchments & Creeks Pty Ltd £ 3 ﬁ ichments & Creeks Pty Ltd

Blockage by sandy sediments (USA)

Photo supplied by Catchfen i

Blockage by boulders (Qld)
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Floating debris

Photo supplied by Catchment; | ¢ it hinen c5ks Ply Ltd -
Debris wrapped around culvert legs (Qld) Debris trapped by traffic barriers (Qld)
5 N : : g g ¥ b » B - % ?
X

Ehogg supplied by Catchments & (_:reéks Pty Ltd

Woody bridging debris (Qld) |

>

hoto supplied by Catchments & Creeks Pty L

Photo supplied by Catchments & Creeks Pty Ltd

Large woody debris (NSW) Woody bridging debris (Qld)

|

Debris trapped by handrails (QId) Debris trapped by traffic barriers (Qld)
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Urban flood debris

Commercial rubbish and recycle bins Cars (NSW)
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Potential impacts of debris and sediment blockages
' Blockage of fish passage baffles

1 Depending on the design of the fishway,
flood debris can wrap around parts of the
fishway:

- causing debris to become trapped
inside the culvert, which increases the
difficulty and cost of maintenance

- interfering with fish passage.

Blockage of the culvert entrance

1 The partial blockage of a culvert may, or
may not, be a significant issue with
regards to local flooding.

1 Such minor blockages may not attract a
high priority for maintenance personnel,
but such blockages can stop 100% of the
day-to-day movement of fish.

1 Fish passage can be improved if the
trapped debris can be held in an elevated
position above the low-flow water level.

Impact of fine sediments

1 Itis typical for sediment blockages not to
adversely affect fish passage; however,
excessive sediment deposition can:

- reduce the penetration of sunlight into
the culvert

- increase the concentration of sediment
suspended in the water column that fish
are expected to swim through

- smother baffle installed on the culvert
floor.

Z BB,

Sediment blockage of road culvert
: ‘ Impact of coarse sediments

1 Coarse sediment, such as cobbles and
boulders, can:

- cause this material to become trapped
within a fishway, both inside and
outside of the culvert, which increases
the difficulty and cost of post-flood
maintenance work

- interfering with fish movement along the
fishway.

Photo/suppiiSees chments & Creeké‘@‘ Lt -

Sediment and boulders in a fishway
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Typical source of flood debris
- ‘-‘w -

Urban flood debris

1 Urban flood debris can include: fence
palings, building materials, mattresses,
garbage bins, shopping trolleys, fridges,
large industrial containers and vehicles.

1 Floating bins can vary in size from small
domestic bins to large metal containers.

1 The availability of organic debris can be
linked to the severity of the winds during a
storm event, or during the weeks leading
up to a storm.

Categories of urban flood debris

1 The author questions the value of
categorising flood debris according to its
size because, what is considered large
debris for a 300 mm conduit, would likely
be considered small debris for a 3000 mm
conduit.

T It is important to n
(> 450 mm) can originate from both rural
and urban catchments.

TN
holgstip TR DA
Deposition of large rocks at culvert inlet

Table G1 7 Types and sources of debris

Type of debris Typical sources of debris
Litter 1 General urban litter (e.g. cans, plastic bags, takeaway food
containers).

1 Loose material blown off building sites.

Leaves 1 Local trees as a result of strong winds.
1 Inthe 16 November 2008 storms in western Brisbane suburbs were
littered with green gum leaves stripped from Brisbane Forest Park
and associated bushland.
Grass 1 Cut grass washed from rural and urban properties.
9 Cut grass from the mowing of public open spaces.
9 Tall grasses associated with weed infested creeks.
Garden mulch 1 Garden mulch from overland flow paths within urban areas.
9 Natural mulch from bushland areas.
Reeds 1 Aquatic reeds from urban and rural creeks.
Woody debris I Storm damage of trees and shrubs from urban areas.
1 Flood damage of riparian vegetation.
Sediment 1 Building and construction sites.

1 Road surfacing material.

1 Erosion of gullies and watercourses.
Building material 1 Loose material blown off building sites.

1 Large debris from flood damaged buildings i typically affects larger
culverts and bridges.

Cars i Cars and other vehicles swept down waterways by floodwaters.
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Expected sediment flow in various waterways

e e L '. Clay-based minor waterways (creeks)

1 High sediment flows are generally not
natural in clay-based creeks, but can be in
clay-based rivers.

1 High sediment flows can result from
changing catchment conditions (land
clearing or bushfire), and urban
development.

1 A high sediment inflow can completely
smother the low-flow channel, and cause
the culvertds bed to
saturated, thus inhibiting terrestrial
movement.

Clay-based major waterways (rivers)

1 High sediment flows (i.e. silt and mud)
should be expected in large clay-based
waterways during flood events.

1 Aquatic and terrestrial passage designs
must allow for the high sediment flow.

1 Fortunately, most waterway crossings
over large waterways consist of bridges,
which by their very nature are usually
compatible with high sediment flows.

topie by et  Cres Py L .
Sediment slugs in the Hunter River (NSW)

Sand-based waterways

1 High sediment (sand) flow should be
expected in sand-based waterways.

1 Rock lined low-flow channels are generally
not compatible with these waterways.

1 Sediment flows are best managed by
varying the invert levels of multi-cell
culverts to simulate
bed profile.

¥

Satchments & Creeks Pty Ltd

Deposition of sand in a culvert (USA)

Gravel -based waterways

1 Significant sediment (rock/gravel)
movement normally occurs during the
more severe flood events.

1 Low-flow channels are usually able to
survive in these waterways, but expect the
waterway to form its own channel.

1 Urban development of the catchment must
incorporate adequate sediment controls to
prevent the deposition of silt and mud into
these waterways.
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Assumed blockage conditions for flood mapping
Reference document:

ATmy, o
[1 4 | 225N Australian Rainfall and Runoff (AR&R),
ArstalanRanial &R o Engineers Australia, ACT. 2019.

A GUIDE TO The primary reference document for flood
FLOOD ESTIMATION

estimation investigations should be:

- Chapter 6 (Blockage of Hydraulic
Structures) of Book 6 (Flood
Hydraulics)

Australian Rainfall & Runoff, 2019
i S @ smaller, more frequent floods (AEP > 5%)

4'\ 3 1 Recommended design conditions are:

- If the catchment has been assessed as
having a high risk of debris production,
then adopt medium level of debris

blockage.

- Medium risk of debris production, then
adopt low level of debris blockage.

- Low risk of debris production, then
adopt low level of debris blockage, say
10%.

Photo supplied by C;tct"n[nen 3 2
Example of a low level of debris blockage
oo Medium floods (AEP 5% to 0.5%)

- If the catchment has been assessed as
having a high risk of debris production,
then adopt high level of debris

blockage.
- Medium risk of debris production, then

adopt medium level of debris blockage,
say 20%.

- Low risk of debris production, then
adopt low level of debris blockage.

Major floods (AEP < 0.5%)

- If the catchment has been assessed as
having a high risk of debris production,
then adopt high level of debris

blockage.

- Medium risk of debris production, then
adopt high level of debris blockage.

- Low risk of debris production, then
adopt medium level of debris blockage.

1 The adoption of 100% blockage is only
used to set upstream flood levels, not
downstream flood levels.

A Gl Pry Loy
High level of debris blockage

bY,C3
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Reducing the effects of debris blockages

- :i All culverts

1 Steps that can be taken to reduce the risk
of debris blockage include:

- maximise the clear height of the culvert
cells, even if this results in the culvert
having a hydraulic capacity the exceeds
the design standard

- maximise the clear width of the culvert
cells

- separating individual culvert cells to
reduce the risk of debris wrapping
around the connecting culvert leg.

One means of maintaining the hydraulic
capacity of culverts in high debris streams
is to construct debris deflector walls.

The purpose of these walls is to allow the
debris raft:

- to be held away from the culvert
entrance

- to rise with the flood, and ultimately to
rest high on these walls, thus allowing
fish passage to continue.

Fish passage benefits

9 If the debris raft can be lifted above the
channel bed, then fish passage can occur
under the debris raft.

1 If the debris raft remains held above the
channel bed after the flood, then this
critical period of fish passage can continue
while the culvert waits for post-flood
maintenance.

Design details

91 Debris deflector walls typically have a
leading edge slope of (1V:2H).

9 If conditions allow, a ledge can be formed
at the top of the walls to hold the debris
raft once the flood peak has passed.

Typical debris deflection wall dimensions
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The typical response of a creek to channel widening

Introduction

1 Inorder to understand why sediment
blockages often occur in wide, multi-cell
culverts, we can study how a creek
responds to a widening of its channel.

1 Clay-based waterways generally have a
V-shaped profile (cross-section), while
sand and gravel-based waterways are
likely to have a wide flat bed, which gives
these waterways more of a U-shaped
profile.

Flood mitigation works

1 If aregion experiences significant property
flooding, then community pressure can
force authorities to carry-out flood
mitigation works, such as the widening on
the waterway channel.

Long -term outcome of channel widening

1 The long-term outcome of such channel
widening is usually the accumulation of a
sediment on the bed of the channel.

1 What the creek is trying to do is return
itself back t-section, witls t
a narrow low-flow channel.

1 Examples of this sediment-filled benching
can be seen in the photos below, which
are both examples of past flood mitigation
activities (i.e. channel widening).

Creekds response to  Sedimentbenchingina widened creek
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