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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 

(ii) compliance with fish passage outcomes 

(iii) 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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Purpose of field guide  

This field guide has been prepared specifically to: 

¶ provide educational information on fish passage at waterway culverts 

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

¶ provide a pictorial supplement to the various State Fisheries policies and design guidelines. 
 
It is 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. Instead it is a ósupplementô to local Fisheries codes and engineering guidelines. 

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 óperfectô example for each ótopicô. No image (photo) presented in this document should 
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 of 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. 

Introduction  

No profession has a monopoly on the knowledge of the design of fish-friendly culverts. 

No branch of the sciences has a monopoly on the knowledge of fish habitats and fish passage. 

No branch of engineering has a monopoly on the design of culverts. 

Any person, or profession, that claims to have a complete understanding of fish passage at 
waterway culverts is clearly suffering from an exaggeration of their own abilities. Culvert design 
is a team activity (as discussed in Appendix B). 

If we just take the engineering profession, the design of a culvert requires: hydrologic 
engineering for catchment analysis, hydraulic engineering for flow analysis, traffic engineering 
for functional design, geotechnical engineering for foundation design, structural engineering for 
structural design, handrail and guard rail design, and street lighting design. And I havenôt even 
stepped into the construction phase. 

The facts are simple. We all contribute our little bit of knowledge and expertise, and each little 
bit makes a major contribution to the overall success of a fish-friendly culvert design. 

Each profession has their own use and meaning of technical terms. No profession has the sole 
authority over the definition of terms. The definitions I present in this publication align with the 
engineering profession because my target audience is the engineers that design waterway 
culverts. 

I have had many discussions (arguments) with fisheries biologists only to eventually discover 
that we were both saying the same things, just using different terms to describe our position. 
What I call a rock chute, others call a rock ramp. What I call a hydraulic jump is different from 
what others call a hydraulic jump. However, we should all agree that common-use terms, as 
defined in a general dictionary, should retain their common-use definition. 
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The layout of Part 2  

 

Appendix A ï State by State Policies and 
Guidelines  

¶ Appendix A contains a review of the 
current (2024) fish passage guidelines 
developed by the various States and 
Territories of Australia. 

¶ A detailed discussion of Queenslandôs 
State Code 18 (2022) is presented in 
another field guide published by 
Catchments and Creeks in 2024. 

Note: The author cannot guarantee that he 
has found the latest documents from each 
State and Territory. 

Australia  

 

Appendices B, C & D  

Appendix B ï óOrganising a Design Teamô 

¶ Typical personnel required in a team. 

Appendix C ï óAn Introduction to Fish Passage 
and Fish Migrationô 

¶ General information on fish passage. 

Appendix D ï óThe Importance of Boundary 
Layersô 

¶ An explanation of boundary layer 
hydraulics. 

Boundary layer formed over a rocky bed  

 

Appendix E ï Baffle Selection and Design  

¶ Appendix E aims to challenge your 
knowledge and bias towards culvert fish 
passage. 

¶ Fish passage is not just about the things 
that YOU are interested in. 

¶ Fish passage requires consideration of the 
needs of the waterway, the fish, the 
terrestrial fauna, the community, and the 
asset manager. 

¶ It requires a holistic approach, not just an 
understanding of fish. 

Baffle spacing  

 

Appendix F ï Baffle Engineering and 
Hydraulics  

¶ Appendix F discusses the technical design 
of sidewall baffles, such as: 

- baffle width 

- horizontal spacing of baffles 

- vertical positioning of baffles 

- controlling turbulence 

- hydraulic analysis of baffled walls 

- possible construction steps. 

Baffle hydraulics  
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Terminology  

 

Wet and dry cells  

¶ Nominated ówetô and ódryô cells exist in 
order to promote the passage of both 
terrestrial and aquatic fauna. 

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

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

¶ Each individual conduit in a culvert can be 
called a conduit, cell, barrel, or even a 
culvert. 

A culvert containing both wet and dry cells  

 

Box, pipe and corrugated culverts  

¶ A box culvert contains rectangular 
conduits. 

¶ A pipe culvert contains circular (pipe) 
conduits. 

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

¶ An arch bridge is not considered to be a 
óculvertô because it is not a fully enclosed 
conduit (i.e. the structure does not enclose 
the channel bed). 

Corrugated pipe culvert (NSW)  

 

Fish  

¶ With respect to fisheries legislation, the 
term ófishô typically 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. 

¶ Readers should refer to their local 
fisheries legislation for their State or 
Territory definition of ófishô. 

Australian Smelt (Queensland Museum)  

 

Waterway and fishways  

¶ The term ówaterwayô typically includes a 
river, creek, stream, watercourse, 
drainage feature, or inlet of the sea. 

¶ Readers should again refer to their local 
fisheries legislation. 

¶ The term ófishwayô refers to a constructed 
fish ladder, structure or device, by which 
fish can pass through, around, or over, a 
fish barrierðthe term is more commonly 
associated with structures not defined as 
fish ladders. 

Waterway, watercourse, creek or stream  
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Baffle dimensional symbols  

 

Baffle spacing (L B) 

¶ The baffle spacing (LB) is defined as the 
distance between the leading edges of two 
consecutive baffles. 

 

Note:  The initial release of this three-part 
document was labelled as a DRAFT because 
of the uncertainty of a number of issues. In 
this draft I had mistakenly used the same 
symbol (WB) for two different baffle dimensions 
(oops!). I believe that I have now resolved that 
error. 

Baffle spacing  

 

Clear spacing (L C) 

¶ The clear spacing (LC) between adjacent 
baffles is defined as the baffle spacing (LB) 
minus the baffle depth (DB). 

Clear spacing of baffles  

 

Projected baffle width (k)  

¶ The baffle width (k) is the distance a baffle 
projects from the culvert floor or sidewall. 

¶ Some documents may refer to this as the 
óheightô of a baffle if the baffle is mounted 
on the floor of a culvert. 

¶ The symbol ókô was chosen because it 
aligns with the hydraulic roughness 
parameter. 

Projected width of a baffle  

 

Baffle depth (D B) 

¶ The baffle depth (DB) is the thickness of 
the óprojectedô portion of the baffle as 
measured in the direction of water flow. 

¶ For thin-plate L-section baffles, its depth is 
the thickness of the ówebô (as shown 
above, left). 

¶ For thin-plate channel section (C-section) 
baffles, the depth (side width) is taken as 
the depth of the óchannelô when placed flat 
on its back.  

Baffle depth  
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Introduction  

 

Dissemination of false  information  

¶ Unfortunately it would appear that even 
though many of our current (2025) 
government guidelines were generated 
from reliable research papers, some of the 
extracted information has been miss 
represented. 

¶ Understanding the ócontextô is extremely 
important when it comes to converting 
research science into engineering 
guidelines. 

Raising a concern  

 

A likely source of reliable information  

¶ The following is strictly a personal opinion 
based on 25 years as an outside observer 
of fish passage science. 

¶ The most reliable information about culvert 
fish passage can usually be found within 
the original  research papersðthat being 
the research papers listed within the 
References of government guidelines. 

¶ Unfortunately, it is not feasible for 
engineers to conduct their own review of 
research papers before designing a 
culvert. 

Example reference list  

 

Common ómistakesô the author has found 
in government fish passage guidelines  

The types of ódesignô information that I believe 
is either misleading, or simply false, includes: 

1. The presentation of maximum allowable 
flow velocities in fish-friendly culverts. 
Such information can be problematic for 
the following reasons: 

- the óaverageô flow velocity within a 
culvert is meaningless to fishðwhat 
fish rely on is the boundary layer 
velocity and thickness 

- a culvert with an average velocity of     
3 m/s could be fish friendly, while 
another culvert design with an average 
velocity of 1 m/s could be a fish barrier 

- much of this research is conducted at 
universities using smooth, glass-walled 
flumes that minimise boundary layer 
development. 

2. Failure to recognise the importance of the 
type of waterway (clay, sand, or gravel). 

3. A focus on the cruising speed of fish. 

4. A misunderstanding of hydraulic principles 
and terminology. 

Glass -wall research flume  

 

Gravel -based waterway (Qld)  
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Drafting government codes and guidelines  

 

Introduction  

¶ It is the authorôs experience that some 
government bodies use their codes and 
guidelines to óaskô for things that their 
current legislation (Acts) do not allow them 
to ask for. 

¶ I am not  a legal expert, but it is my 
understanding that a guideline cannot 
require something that is not supported by 
current legislation (unless the actual 
guideline is recognised by the legislation). 

Just checking  

 

Codes  enforced by legislation  

¶ Fisheries codes, which usually take the 
form of a development code, can be 
enforced by: 

- a clause in the Stateôs Fisheries Act, or 

- the Stateôs development/planning Acts. 

¶ Codes normally apply only to: 

- works defined as ódevelopmentô 

- works that require government approval 
or licence. 

¶ Such codes can introduce requirements 
that are not listed in current legislation. 

All good  

 

Development codes  

¶ If the Stateôs Fisheries office introduces a 
development code, which is endorsed by 
the Stateôs development or planning Act, 
then: 

- the fish passage requirements listed in 
the code will only apply while the 
development (e.g. culvert) is being built 

- readers should check if there is any 
legislation that requires the continued 
operation of these fish passage 
requirements after the construction 
works have been completed. 

Keep this a secret  

 

Design guidelines not enforced by 
legislation  

¶ If the Stateôs Fisheries office introduces a 
design guideline for such things as a 
waterway culvert, then: 

- the guideline cannot require any design 
feature that is not currently enforced by 
legislation (such as a Fisheries Act). 

¶ If fish passage baffles are required to 
remain as an ongoing feature of the 
culvert, then such a requirement must 
appear within some form of legislation. 

Careful what you ask for  
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Essential input into the development of State guidelines  

 

Fisheries biologist  

¶ I am sure every professional would like to 
perform their work without interference by 
other professionals, and certainly not 
officers from another profession. 

¶ Fisheries biologists provide us with expert 
knowledge of fish behaviour. 

¶ In culvert design, input may be required 
from a biologist on species identification 
and expected migration patterns, which is 
essential if money is to be spent wisely on 
the culvert. 

Identification of trapped species (Qld)  

 

Hydraulics expert  

¶ In order to generate an appropriate State 
code, input is required from: 

- fisheries experts 

- hydraulics experts 

- waterways experts 

- civil construction experts. 

¶ Hydraulic knowledge is required on many 
aspects of a culvert design, including: 

- catchment hydrology 

- flood mapping 

- blockage impacts. Meeting of culvert design experts (Qld)  

 

Waterways expert  

¶ A waterway expert is required to ensure 
that the fish passage features added to 
the culvert are compatible with the: 

- expected bed load migration (clay, 
sand, and gravel movement) 

- expected channel stability. 

¶ Waterway experts can be found in: 

- the sciences 

- river morphology 

- civil engineering (creek engineering). 

Sediment deposition (USA)  

 

Culvert design, construction and 
maintenance personnel  

¶ A knowledge of culvert construction 
practices can provide the following input: 

- knowledge of what is, and is not, 
achievable from a construction 
perspective 

- knowledge of the likely cost implications 
of suggested fish passage features 

- knowledge of expected construction 
and ongoing maintenance costs. 

Culvert construction (NSW)  
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Classification of waterways within Australia  

 

Classification systems  

¶ Some States have mapped their 
waterways according to an adopted fish 
habitat classification system. 

¶ Some States use a classification system 
based on a written description of the 
expected waterway attributes. 

Warning:  

The contents of this appendix will not  age 
well, and are unlikely to be consistent with 
state policies beyond 2030.  

Reviewing catchment plans (SA)  

 

NSW 

¶ Fisheries NSW Policy and Guidelines for 
Fish Habitat Conservation and 
Management (2013 update). 

¶ First published in 1998, updated in 1999. 

¶ NSW Fisheries classify their fish habitats 
based on a Class 1 to 4 system (refer to 
next page). 

NSW Policy and Guidelines, 2013  

 

Queensland  

¶ The waterway colour identifies the risk of 
adverse impact by a waterway barrier. 

- Green: low risk waterways 

- Amber: medium risk waterways 

- Red: high risk waterways still applicable 
for self-assessable works 

- Purple: highest risk waterways 

- Grey: tidal areas. 

¶ It is unclear if this colour coding system is 
still being referenced by Qld Fisheries. 

Qld spatial data users guide, 2013  

 

Stream order  

¶ Some states use a stream order system 
for ranking the individual reaches of a 
waterway. 

¶ In the Horton system, a first-order stream 
has no contributing branches based on a 
specified mapping scale (the choice of 
map scale is critical). 

- a second-order stream has at least two 
contributing first-order branches 

- a third-order stream has at least two 
contributing second-order branches, 
etc. 

Example of the Horton stream order  
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Preferred choice of waterway crossing  

 

Why do fish need to cross the road? ï Fish 
Passage Requirements for Waterway 
Crossings  

(Fairfull and Witheridge, 2003, NSW 
Fisheries, Cronulla.) 

This is an overview document that does not 
provide detailed design specifications. 

The document does present a table 
(reproduced below) that lists the preferred 
crossing types for various water classes. 

NSW Fisheries, 2003  

 

Table A1 ï Preferred crossing type (NSW Fisheries, 2003)  

Classification  Characteristics of waterway type  Minimum [1]  
recommended 
crossing type  

Major fish habitat  

Class 1 (NSW)  

Purple Zone (Qld)  

Major permanently or intermittently flowing 
waterway (e.g. river or major creek), habitat of a 
threatened fish species. 

Bridge, arch 
structure or tunnel 

Moderate fish 
habitat  

Class 2 (NSW)  

Red Zone (Qld)  

Named permanent or intermittent stream, creek or 
waterway with clearly defined bed and banks with 
semi-permanent to permanent waters in pools or in 
connected wetland areas. 

Marine or freshwater aquatic vegetation is present. 
Known fish habitat and/or fish observed inhabiting 
the area. 

Bridge, arch 
structure, culvert [2] 
or ford 

Minimal fish 
habitat  

Class 3 (NSW)  

Amber Zone (Qld)  

Named or unnamed waterway with intermittent flow 
and potential refuge, breeding or feeding areas for 
some aquatic fauna (e.g. fish, yabbies). 

Semi-permanent pools form within the waterway or 
adjacent wetlands after a rain event. Otherwise, any 
minor waterway that interconnects with wetlands or 
recognised aquatic habitats. 

Culvert [3], or ford 

Unlikely fish 
habitat  

Class 4 (NSW)  

Green Zone (Qld)  

Named or unnamed waterway with intermittent flow 
following rain events only, little or no defined 
drainage channel, little or no flow or free standing 
water or pools after rain events (e.g. dry gullies or 
shallow floodplain depressions with no permanent 
aquatic flora present). 

Culvert [4], 
causeway or ford 

[1] In all cases bridges are preferred to arch structures, culverts, fords and causeways (in that 
order). 

[2] High priority given to the High Flow Design procedures presented for the design of these 
culverts - refer to Design Considerations section of this document, or engineering 
guidelines. 

[3] Minimum culvert design using the Low Flow Design procedures; however, High Flow 
Design and Medium Flow Design should be given priority where affordable. 

[4] Fish friendly waterway crossing designs possibly unwarranted. Fish passage requirements 
should be confirmed with the local fisheries department/authority. 
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Australian Ca pital Territor y 

 

óWhy canôt fish cross the road? Barriers to 
fish passage in national park and reserves 
of the ACTô, 2019 

Lucas, Z., Evans, L., Beitzel, M. and 
Jekabsons, M. 2019. Why canôt fish cross the 
road? Barriers to fish passage in national park 
and reserves of the ACT.  

Research Report Series. Environment, 
Planning and Sustainable Development 
Directorate. ACT Government, Canberra. 

Barriers to fish passage, 2019  

 

Report recommendations:  

1. Keep fish passage as a consideration 
when building, maintaining and planning 
vehicle crossings over streams. 

2. Design crossings that allow fish to pass. 

3. Maintain existing crossings that already 
allow fish passage. 

4. When maintaining or upgrading roads, 
modify those crossings that are barriers to 
fish passage. 

5. Prioritise the improvement of crossings 
identified in this report as óenvironmental 
prioritiesô. 

Recessed culvert on Bogong Creek, ACT  

 

Common features of fish -friendly culverts 
in the ACT  

¶ A flow depth that matches the depth of the 
natural upstream and downstream water 
channel, and the streambed is not raised. 

¶ The velocity of the upstream and 
downstream water channel is maintained, 
and natural substrate is maintained 
throughout crossing. 

¶ A span that matches the width of the 
upstream and downstream water channel. 

Gravel -bed, Tidbinbilla Ring Road, ACT  

  

Burkes Creek Road crossing, ACT  Ford crossing over Cotter River, ACT  
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New South Wales  ï Fisheries Policy and Guidelines (2013)  

 

óPolicy and guidelines for fish habitat 
conservation and managementô (2013 
update)  

Sarah Fairfull, Manager (Fisheries 
Ecosystems), Fisheries NSW, Wollongbar. 

Published by the NSW Department of Primary 
Industries, a part of the Department of Trade 
and Investment, Regional Infrastructure and 
Services. Sydney, NSW. 

ISBN 978 1 74256 283 4 

Chapter 4. In-stream structures and barriers to 
fish passage 

Policy and Guidelines for Fish Habitat  

 

4.1 Obstructions to fish passage  

¶ Barriers to fish passage can occur at: 
dams, weirs and waterway crossings, 
which can: 

- impede natural flows 

- create a physical barrier 

- create a hydrologic barrier. 

¶ Fish passage barriers can also exist within 
floodplains, including flood-control levees, 
floodgates, sediment basins, gross 
pollutant traps, and other water treatment 
devices. 

New South Wales  

 

4.1.2 Policy & guidelines for fish passage  

¶ A permit is required for all works that may 
obstruct the fish passage in Type 1, 2 & 3 
habitats. 

¶ NSW DPI assessment required for: 

- works across full channel width 

- works that alter instream flow velocities 

- works affecting tidal flows 

- potential ótemperatureô pollution. 

¶ Avoid works during September to March. 

¶ Avoid works during periods of high flow. 

Bridge construction, Nepean River, NSW  

 

4.2 Waterway crossings  

¶ The NSW document refers back to: 

- Fairfull and Witheridge (2003), and 

- Witheridge (2002), which is now 
superseded by this field guide. 

¶ The document also refers to the ópreferred 
crossing typeô previously presented in this 
appendix as Table A1. 

¶ The factors that must be considered in the 
design of waterway crossings also 
includes: public safety, social and 
budgetary constraints. 

Witheridge, 2002 (superseded)  
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New South Wales ï Guidelines for Fish Habitat Conservation (2013)  

 

4.2.2 Policy and guidelines for waterway 
crossings  

¶ When planning for the rehabilitation of fish 
passage barriers (culverts) along a 
waterway, the focus should be on those 
barriers located at the lowest end of the 
catchment where the numbers and 
diversity of fish species are the greatest. 

¶ Where feasible, efforts should also focus 
on TYPE 1 habitats where threatened fish 
species are known to occur. 

Culvert reconstruction (NSW)  

 

Recessed culverts  

¶ For waterway crossings incorporating 
culverts (including low-flow cells), a 
minimum of 300 mm of water should pool 
through the structure, with a centrally 
placed low-flow cell being preferable. 

¶ Waterway crossings should be 
constructed perpendicular to the flow of 
the water, and should be positioned away 
from channel bends. 

Box culvert with low -flow channel  

 

Minimum flow area  

¶ A High Flow Design requires a minimum 
culvert flow area equal to the streamôs 
natural flow area below the crossingôs 
overtopping weir elevation. 

¶ Where this is not feasible, the second 
priority would be a Medium Flow Design 
based on the culvertôs obvert level. 

¶ In all cases, the culvert should be 
designed to maximise the geometric 
similarities of the natural channel profile 
from the bed of the culvert up to a flow 
depth of 0.5 metres (óLow Flow Designô). 

High Flow Design (overtopping flows)  

 

Emergency culvert repairs  

¶ In the case of the need for emergency 
waterway crossing repair works, NSW DPI 
should be notified of the proposed 
emergency repair works prior to their 
commencement. 

¶ A permit will be issued subject to the 
receipt of full documentation as outlined in 
the DPI guidelines. 

¶ The submitted documentation should 
address how the crossing will eventually 
be permanently repaired (where relevant). 

Medium Flow Design (full culvert flow)  
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New South Wales ï Classification of waterways for fish passage  

 

Class 1  

¶ Major key fish habitat. 

¶ óMarine or estuarine waterway or 
permanently flowing or flooded freshwater 
waterway (e.g. river or major creek), 
habitat of a threatened or protected fish 
species or ócritical habitatô.ô 

¶ (Could be considered the equivalent of 
Queenslandôs Purple and Grey zones.) 

Macquarie River, NSW  

 

Class 2  

¶ Moderate key fish habitat. 

¶ óNon-permanently flowing (intermittent) 
stream, creek or waterway (generally 
named) with clearly defined bed and 
banks with semi-permanent to permanent 
waters in pools or in connected wetland 
areas. Freshwater aquatic vegetation is 
present. Class 1 and 2 habitats present.ô 

¶ (Could be considered the equivalent of 
Queenslandôs Red zones.) 

Four Mile Creek, northern NSW  

 

Class 3  

¶ Minimal key fish habitat. 

¶ óNamed or unnamed waterway with 
intermittent flow and sporadic refuge, 
breeding or feeding areas for aquatic 
fauna (e.g. fish, yabbies). Semi-permanent 
pools form within the waterway or adjacent 
wetlands after a rain event. Otherwise, 
any minor waterway that interconnects 
with wetlands or other Class 1, 2 & 3 fish 
habitats.ô 

¶ (Could be considered the equivalent of 
Queenslandôs Amber or Green zones.) 

Permanent pools, ephemeral creek, NSW  

 

Class 4  

¶ Unlikely key fish habitat. 

¶ óWaterway (generally unnamed) with 
intermittent flow following rain events only, 
little or no defined drainage channel, little 
or no flow or free standing water or pools 
post rain events (e.g. dry gullies or shallow 
floodplain depressions with no aquatic 
flora present).ô 

¶ (Could possibly be considered the 
equivalent of Queenslandôs Green zones, 
but more likely a non-classified fish 
habitat.) 

Unnamed rocky waterway, Sydney, NSW  
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New South Wales (Policy and Guidelines for Waterway Crossings, 2008)  

 

óPolicy and Guidelines for Fish Friendly 
Waterway Crossingsô 

NSW Department of Primary Industries 
(DPI), 2008 

Aquatic Habitat Protection Unit 

Cronulla, New South Wales, Australia 

(This brochure provides a summary of the 
specific legislation and policy 
requirements that must be observed by 
those intending to plan, design and 
construct waterway crossings in NSW.) 

NSW fish friendly waterway crossings  

 

Key references  

¶ óWhy do Fish Need to Cross the Road? 
Fish Passage Requirements for Waterway 
Crossingsô (Fairfull and Witheridge 2003) 
NSW DPI, Cronulla, NSW. 

¶ óPolicy and Guidelines for Aquatic Habitat 
Management and Fish Conservationô 
(NSW DPI 1999). 

¶ Witheridge, G. (2002) óFish Passage 
requirements for Waterway Crossings - 
Engineering Guidelinesô. Catchment and 
Creeks Pty Ltd, Brisbane, Queensland. 

Fairfull and Witheridge, 2003  

 

Legislation  

¶ The activity of constructing waterway 
crossings may require approval under Part 
7 (Div 3) of the Fisheries Management Act 
1994 to dredge and/or reclaim. 

¶ Dredging works may be required to 
construct the footings or foundations for 
the crossing. 

¶ Generally, a local government authority or 
individual will require a permit to carry out 
any dredging or reclamation work unless 
the works are authorised by another public 
authority (other than a local government). 

Fisheries Management Act,  1994 

 

Tidal waters  

¶ Waterway crossings constructed in tidal 
waters may also require a permit under 
Part 7 (Div 4) of the Fisheries 
Management Act 1994 if the construction 
is likely to harm marine vegetation such as 
seagrass, mangroves, or marine macro-
algae (seaweeds). 

¶ Caution:  When clearing a site prior to 
culvert construction, or post-flood 
maintenance, confirm with authorities any 
approvals required to remove any living or 
dead mangrove timber. 

Tidal culvert (Brunswick Heads, NSW)  
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New South Wales (Policy and Guidelines for Waterway Crossings, 2008)  

 

Site planning  

¶ For any waterway crossing proposal, an 
aquatic habitat and fish assessment 
should be undertaken. 

¶ When planning for the rehabilitation of fish 
passage barriers (culverts) along a 
waterway, the focus should be on those 
barriers located at the lowest end of the 
catchment where the numbers and 
diversity of fish species are greatest. 

Catchment planning (Lismore, NSW)  

 

Construction phase  

¶ Fish passage must not be restricted at any 
time, unless the appropriate permit has 
been granted by NSW DPI. 

¶ If a project requires fish passage to be 
temporarily blocked, and no feasible 
alternative exists, then NSW DPI must be 
informed, and a permit must be obtained 
before the works are commenced. 

¶ The timing of the works should minimise 
the potential interference of known fish 
migration events. 

Bridge construction (NSW)  

 

Construction phase  

¶ Spawning grounds, such as gravel beds in 
areas where salmon or trout are likely to 
occur, must not be dredged or removed 
from within a waterway unless approval 
has been granted by NSW DPI. 

¶ Woody snags should be managed with 
lopping as the first priority rather than 
snag removal. 

Arch bridge construction (NSW)  

 

Removal of snags  

¶ Where lopping will not solve the problem, 
re-alignment should be considered as the 
next possible management option, 
followed by relocation. 

¶ Removal of a snag is the least desirable 
alternative, and should only be adopted as 
a last resort.  

¶ Local councils and other public authorities 
are required to notify NSW DPI of any 
proposed works, which involve the 
lopping, realignment, or removal of snags. 

Snag removal (least desirable option)  
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New South Wales (Policy and Guidelines for Waterway Crossings, 2008)  

 

Critical habitats  

¶ Where aquatic habitats are designated 
ócritical habitatô under Part 7A of the 
Fisheries Management Act 1994, then the 
waters of that habitat must automatically 
be designated a Class 1 waterway, and 
will be subject to the preferred engineering 
solutions outlined (Table A1 of this field 
guide). 

¶ A SIS must also be prepared for the 
works. 

Table A1 (presented earlier in document)  

 

Erosion and sediment control  

¶ Where a road project is likely to involve 
the loss of aquatic habitat, NSW DPI will 
request that habitat rehabilitation, or 
environmental compensation, be used to 
mitigate the damage. 

¶ All possible care should be taken to 
ensure that sediment from road works 
does not enter any waterways. 

¶ Erosion and Sediment and Control Plans 
(ESCPs) should be developed and 
implemented and copies made available 
to NSW DPI on request. 

Staged culvert construction (ESCP)  

 

Construction site stockpiles  

¶ In order to minimise sedimentation, fill or 
excavated material must not be stockpiled 
in flood prone areas. 

¶ Particular care should be taken in siting 
stockpiles and dumps. 

¶ Sites should be situated either above 
mean high water mark in tidal areas, or be 
secure from a 1 in 10 year flood level and 
have effective sediment control works to 
contain any runoff. 

Long -term stockpile (bridge works, NSW)  

 

Post -works sediment controls  

¶ Sediment controls along drainage lines 
should be left in place to control sediment 
entering a waterway after the construction 
phase is completed, and until the site has 
been fully stabilised. 

Instream flow -diversion silt curtain (NSW)  
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Northern Territor y 

 

óInterference with a waterway guidelineô, 
2024 

Department of Environment, Parks and Water 
Security Water Resources Division, Water 
Resources. January 2024. 

DEPWS@nt.gov.au 

TRM number: LRM2020/0106-0004~0002. 

Interference with a waterway guideline  

 

Permits  

¶ If you want to carry out an activity in a 
waterway in the Northern Territory (NT), 
you may need to apply for a permit. 

¶ However, you don't need a permit if you're 
building: 

- culverts, bridges and urban stormwater 
drainage works that meet engineering 
standards accepted by the relevant 
public authority. 

 

Northern Territory  

 

Stream order  

¶ Stream orders 3 and 4 may be referred to 
as creeks, although some are more 
significant like Dry River and King River, 
which both flow into the Katherine River. 

¶ Stream orders 5 to 7 include the major 
rivers such as the Finke, Todd and 
Adelaide rivers, which are classified as 
stream order 6, and the Roper and Daly 
rivers, which are stream order 7. 

Strahler stream order  

 

Classification of works in waterways  

¶ Low:  stream order 1 or 2, the change is 
for a short duration (< 2 years) or occurs 
when there is no flow in a waterway. 

¶ Medium:  activities occur in a medium 
stream order 3 to 4, the activity will cause 
a material change or alteration that is for a 
longer duration (> 2 years), or it may occur 
when there is water in a waterway. 

¶ High:  activities occur in a higher stream 
order 4 or more, the activity will cause an 
extensive material change or alteration, 
and occurs for a long duration. 

Culvert construction (NT)  

mailto:DEPWS@nt.gov.au
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Queensland  ï State Code 18 (2022)  

 

óState Development Assessment 
Provisions (SDAP) guidelineô  

State Code 18:  Constructing or raising 
waterway barrier works in fish habitats. 

The Department of Agriculture and Fisheries. 

State of Queensland, 2022. 

Raising waterway barrier works, 2022  

 

A Guide to Queensland Fisheries State 
Code 18  

¶ A guide to the Code is provided in the 
Catchments & Creeksô field guide, óA 
Guide to Queensland Fisheries State 
Code 18ô (2024) 

 

 

Queensland  

 

Performance Outcome PO1  

Waterway barrier works do not result in 
adverse impacts on waterways. 

¶ Demonstrate no adverse impacts to 
waterways and fish habitats. 

¶ Development footprint minimised. 

¶ Minimise impacts to waterway habitats. 

¶ Minimise change to local hydrology and 
hydraulics (note: the term óhydrologyô 
includes all aspects of hydraulics). 

Box culvert with baffles  

 

Performance Outcome PO2  

Development is designed, constructed and 
maintained to avoid and minimise impacts on 
matters of state environmental significance. 

¶ Demonstrate alternative structure 
placement and/or construction methods 
and/or timing are not practical. 

¶ Construct a bridge rather than culverts. 

¶ Simulate the hydrological and physical 
characteristics of the natural waterway. 

¶ Culvert cells span 100% of the main 
channel width of a waterway. 

Small rural bridge crossing  
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Queensland  

 

Performance Outcome PO3  

Where development impacts on matters of 
state environmental significance, development 
mitigates impacts and provides an offset for 
any acceptable significant residual impact on 
matters of state environmental significance. 

¶ Incorporation of fishways. 

¶ Use of fish-friendly structures. 

¶ Retention and/or restoration of natural 
vegetation. 

¶ Off-stream access for maintenance, and 
fencing to control stock access. 

Fishway bypass around a fish barrier  

 

Acceptable Outcome: AO5.1  

FOR ALL TYPES OF CROSSINGS  

Hydraulic conditions (depth, velocities and 
turbulence) from the downstream to the 
upstream limit of the structure allow for fish 
passage of all fish attempting to move through 
the crossing at all flows up to the drownout of 
the structure. 

Drowned -out culvert structure  

 

Acceptable Outcome: AO5.4  

The crossing and associated erosion 
protection structures are roughened 
throughout to approximately simulate natural 
bed conditions. 

 

Artificial culvert -bed roughness  

 

Acceptable Outcome: AO5.14  

FOR CULVERTS ONLY 

The combined width of the culvert cell 
apertures are equal to 100 percent of the main 
channel width. 

 

 

Desirable minimum culvert bed width  
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Queensland  

 

Acceptable Outcome: AO5.15  

The base of the culvert  incorporates a low 
flow channel consistent with the natural low 
flow channel and: 

1. is buried a minimum of 300 mm to allow 
bed material to deposit and reform the 
natural bed on top of the culvert base; or 

2. the base of the culvert is the waterway 
bed; or 

3. the base of the culvert cell and any scour 
protection within the waterway is 
roughened throughout to approximately 
simulate natural bed conditions. 

 
Introduced bed roughness  

 

Acceptable Outcome: AO5.16  

FOR CULVERTS ONLY 

The outermost culvert cells incorporate 
roughening elements such as baffles on their 
bankside sidewalls. 

 

Sidewall baffles  

 

Acceptable Outcome: AO5.17  

FOR CULVERTS ONLY 

Roughening elements are installed on the 
upstream wingwalls on both banks to the 
height of the upstream obvert or the full height 
of the wingwall. 

 

Wingwall baffles  

 

Acceptable Outcome: AO5.19  

FOR CULVERTS ONLY 

Culvert alignment to the waterway flow 
minimises water turbulence. 

 

 

Skewed culvert  
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Queensland  

 

Acceptable Outcome: AO5.21  

FOR CULVERTS ONLY 

The depth of cover above the culvert is as low 
as structurally possible, except where culverts 
have an average recurrence interval (ARI) 
greater than 50 years. 

Roadbase cover over a box culvert  

 

Acceptable Outcome: AO5.22  

FOR CULVERTS ONLY 

For culvert crossings designed with a flood 
immunity ARI greater than 50 years, fish 
passage is provided up to culvert capacity. 

 

Culvert flowing ófullô 

 

Performance Outcome PO8  

The drownout characteristics of the waterway 
barrier works are designed and constructed to 
not result in adverse impacts to fish passage. 

Overtopping flow condition  

 

Performance Outcome PO17  

The development is designed, constructed 
and maintained to not result in adverse 
impacts to beds, banks and vegetation 
adjacent to the permanent development 
footprint 

Placement of scour protection  



           

© Catchments & Creeks Version 2, Part 2, February 2026 Page 28 

South Australia  

 

óProtecting Waterways Manualô, App-D. 
Maintaining Fish Passage Habitat, 2021  

¶ Appropriate positioning to ensure fish 
passage is possible. 

¶ Scour pool protection and/or headwall 
protection to prevent erosion. 

¶ Adequate culvert or pipe size. 

¶ Correct positioning of culverts or pipes to 
maintain flow and prevent erosion or 
flooding. 

¶ Suitable site selection (e.g. straight stream 
section). 

Maintaining fish passage habitat, 2021  

 

Additional reference:  

Watercourse crossings 2020 (Northern and 
Yorke Region)  

¶ Expert advice should be sought if there is 
any evidence of groundwater issues, (e.g. 
waterlogging, or acid sulphate soils) or in 
instances where significant erosion is an 
issue. 

¶ Cut-off drains to trap silt and sediment 
from road run off. 

¶ Appropriate causeway or crossing height. 

South Australia  

 

Construction impacts  

¶ Where possible it is important that fish 
passage is not blocked or impeded during 
construction. 

¶ Instream works should be completed as 
quickly as possible to minimise impacts. 

¶ Program works during the time of year 
when stream flow is zero or very low. 

¶ Take into account the migratory seasons 
of fish and other aquatic fauna. 

¶ Water quality to be protected. 

Pipe culvert (Port Lincoln, SA)  

 

Design considerations  

¶ In order to retain fish passage: 

- natural stream width should be 
maintained 

- natural tidal flows in coastal areas and 
inundation of estuarine areas to be 
maintained 

- consider fish passage needs during low 
flows, high flows, and flood events 

- avoid vertical or steep drops 

- culvert invert = natural invert 

- culvert velocity = natural velocity. 
Drop outlet (Brookman Rd, Meadows)  
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South Australia ï Protecting Waterways Manual, Appendix -D  

 

Managing a drop or apron  

¶ óIf a drop needs to be created, provide 
resting places for fish on the downstream 
apron or a fish ladder.ô 

¶ óWooden baffles, boulders or large rocks 
can be successfully added to the 
downstream apron of a weir to provide 
resting areas.ô 

¶ óThe order of placement of obstruction 
objects is important and an ordered 
pattern of staggered rows suited to the 
size of fish in the waterway, should be 
used.ô 

Floor baffle (Oodnadatta Track, SA)  

 

Use of rocks  

¶ óIf using rocks they should have crevices 
under them to provide access for fish to 
hide and rest.ô 

¶ óThe placement of jutting, irregular shaped 
and sized rocks immediately upstream 
and downstream of the culvert and on the 
apron of a structure or weir provides 
shelter and rest areas for fish entering and 
exiting the culvert.ô 

Diagram produced by: Choctawhatchee 
Watershed Management Authority, 2000, 
Florida, USA. 

Rock placement (from a USA document)  

 

Improving habitat within a culvert  

¶ óBottomless culverts/pipes ensure minimal 
disturbance to the stream bed.ô 

¶ óThe base of the pipe/culvert is set into, 
rather than on the stream bed.ô 

¶ óNatural sediments from the site (e.g. mud, 
sand and gravel) can be placed on the 
bottom of the culvert which can then 
provide continuous stream bed habitat.ô 

¶ óThe top surface of the base of the 
culvert/pipe can be roughened at the 
concrete pouring stage to create small 
depressionsðthese will then allow natural 
sediments to be trapped in the base of the 
culvert/pipe creating a more natural 
substrate for fish or a fish passage can be 
built into the culvert base.ô 

¶ óPipes/culverts create a foreign 
environment which may be difficult for fish 
to negotiate and may even inhibit fish 
movement because of the dark 
conditionsðin these situations 
consideration should be given to 
minimising the width of the structure, or 
incorporating grates, or skylights in the top 
of the culvert/pipe.ô 

Deposition of sediments in a pipe culvert  

 

Pre-cast bed roughness units  


