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Symbols (as used in parts 1, 2 & 3 of this document) 

 A = cross-sectional flow area [m2] 

 A, B, C = equation constants 

 ARI = means óaverage recurrence intervalô 

 b = bed width [m] 

 BLPS = means óbody lengths per secondô in reference to fish swimming 

 D = water depth (also óyô & ódô) [m] 

  = (also) channel depth from bankfull water level to channel invert [m] 

 DP = maximum pool depth [m] 

 d/s = means ódownstreamô 

 d50 = nominal rock size (diameter) of which 50% of the rocks are smaller [m] 

 d90 = nominal rock size (diameter) of which 90% of the rocks are smaller [m] 

 D.V = depth*velocity product [m2/s] 

 F = riffle fall measured from riffle crest to the low flow pool level within the downstream 
pool, or total fall of a channel reach [m] 

 g = acceleration due to gravity  [m/s2] 

 K = equation constant based on flow conditions 

 K1 = correction factor for rock shape 

 K2 = correction factor for rock grading 

 ha = means óhectaresô 

 ln = means the natural logarithm to base-e 

 LP = length of a pool measured during low-flow conditions [m] 

 LR = length of a rock riffle measured from the riffle crest to the upstream end of the 
downstream low flow pool [m] 

 n = Manningôs roughness value 

 P = wetted perimeter [m] 

 Q = discharge [m3/s] 

 Qf  = bankfull discharge 

 q = flow per unit width [m3/s/m] 

 R = hydraulic radius = A/P [m] 

 S = channel bed slope [m/m] 

 sr = specific gravity of rock 

 Se = slope of energy line [m/m] 

 So = bed slope = tan(ɗ) [m/m] 

 SF = factor of safety  

 T = total thickness of the rock layer [m] 

 u/s = means óupstreamô 

 V = average flow velocity (also óVaverageô) [m/s] 

 Vallow = allowable flow velocity [m/s] 

 Vc = the critical velocity prior to erosion, or threshold velocity [m/s] 

 Vdesign = the flow velocity used in the design of an object [m/s] 

 Vd-a = depth-average flow velocity [m/s] 

 Vmax = maximum flow velocity [m/s] 

 Vo = depth-average flow velocity based on uniform  flow down a slope, So [m/s] 

 W = top width of a channel measured at the elevation of the lowest bank (also óTô) [m] 

 WP  = width of a pool measured at low-flow conditions (also óWô) [m] 

 WR  = bed width of a rock riffle [m] 

 y = depth of flow at a given location (also óDô & ódô)  [m] 

 Y = depth of the face of a head-cut erosion [m] 

 ɗ = slope of channel bed  [degrees] 
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Purpose of this document  

This document has been prepared specifically to: 

¶ provide guidance on the design of vegetated drainage channels 

¶ provide general education on the topic of creek engineering 

¶ provide this information in a manner that is both visually attractive and easy to understand. 

The document does not specifically address creek rehabilitation projects; however, parts of the 
document are relevant to creek rehabilitation and channel modifications. 

The photos presented within this document are intended to represent the current topic of 
discussion. These photos are presented for the purpose of depicting either a preferred or 
discouraged outcome (as the case may be). In many cases the photos do not represent current 
best practice, but are simply the best photos available to the author at the time. 

The caption and/or associated discussion should not  imply that the site shown within the 
photographs represents either good or bad waterway management. The circumstances, site 
conditions and history of each site are not known to the author, and may not be directly relevant 
to the current discussion. This means that the designer may have had a completely valid reason 
for the design presented within the photo. 

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 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  

This is Part 2 of a four-part document which outlines a design procedure for vegetated drainage 
channels. Part 2 is a continuation of Part 1, meaning that it starts at Chapter 6, which focuses 
on the physical properties of a drainage channel. The design procedure is presented only as a 
guide. 

The aim of the design procedure is to design a drainage channel that integrates flooding, fauna, 
and humans outcomes in a manner that achieves long-term sustainability with minimal ongoing 
maintenance. The design procedure is not appropriate for the design of creek rehabilitation, 
channel expansion, or channel relocation projects. 

The design procedure is based on the following assumptions: 

¶ The channel=s geometry, bed and floodplain (if any) are each influenced by different flow 

conditions. 

¶ The channel width, depth, meander radius and allowable channel slope are likely to be 
controlled by the bankfull flow rate and the allowable bankfull flow velocity, which will likely 
vary as vegetation is established within the newly-formed channel. 

¶ There is minimal drainage catchment upstream of the proposed drainage channel; 
therefore, the bed conditions are likely to be based on the channel slope and the low-flow 
conditions, but not on the migration of substrate material (i.e. it is not a waterway). 

¶ Being a drainage channel, it is assumed that overbank flows are undesirable, and that the 
channel will not have an attached floodplain. However, some potential floodplain and 
floodway issues are addressed. 

¶ Good aesthetics is important, especially if the drainage channel is located near residential 
homes, but the desire to achieve good aesthetics should not result in poor ecological 
outcomes (as appropriate for the channelôs location). 
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Introduction  

 

The aims of Natural Channel Design  

¶ The principles of Natural Channel Design 
(NCD) are based on providing the required 
hydraulic conveyance, while maximising 
the channelôs environmental values. 

¶ This design approach combines the 
disciplines of: 

- hydraulic engineering 

- fluvial geomorphology 

- riparian biology and ecology 

- bush rehabilitation and landscape 
architecture. 

Design team  

 

NCD is not  stream restoration  

¶ Natural Channel Design is NOT a process 
that can be used to restore a natural 
waterway. 

¶ Restoring a waterway means you are 
returning the waterway back to its original 
(natural) conditionðin which case, the 
design is based on historical information. 

¶ Natural Channel Design is a process used 
in the design of drainage channels, or in 
the process of enhancing the ecological 
values of an existing channel. 

Channel construction (USA)  

 

Riparian biology and ecology  

¶ Natural Channel Design should NOT be 
used as an excuse to introduce wildlife to 
a region where they do not belong. 

¶ However, Natural Channel Design can be 
used to replace habitat that has been lost 
due to past land-use practices (always 
seek expert advice). 

¶ Natural Channel Design is a team process 
involving water engineers, ecologists, and 
bush rehabilitation experts. 

Potential non -native riverine species  

 

Bush rehabilitation and landscape design  

¶ Natural Channel Design is NOT a process 
that should be used to convert a natural 
waterway into a parkland ówater featureô. 

¶ The aim of Natural Channel Design is to 
make artificial drainage channels look and 
perform like they were natural waterways, 
NOT the reverse process. 

¶ Natural Channel Design treats the riparian 
zone as regions of natural bushland that 
can contribute to the conservation of 
locally endemic plant species. 

Waterway treated as ówater featureô 
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Like playing chess with nature  

 

Introduction  

¶ As an educator, the author would to tell 
students that stream rehabilitation, and the 
management of creek erosion, is like 
playing chess with nature. 

¶ A waterway is a living organismðit not 
only reacts to its your actions, it also 
reacts to external forces, such as 
bushfires and flood events. 

¶ If we change the geometry or vegetation 
of a waterway, then we should expect the 
waterway to react to such changes. 

First move of Play 1  

 

Stream rehabilitation  

¶ In stream rehabilitation projects, your task 
should not be limited to predicting how 
nature is going to respond to your first 
move, but also: 

- thinking about what your next move will 
be (based on natureôs response), and 

- designing your first move so that your 
actions can be easily accommodate the 
implementation of your next move 
(which you have not yet confirmed 
because you are still waiting on 
natureôs first move). 

First move of Play 2  

 

The management of creek erosion  

¶ When managing creek erosion issues, the 
game of chess becomes slightly harder 
because you need to consider how nature 
will respond if: 

- it experiences several years without a 
major flood 

- it experiences a major flood before the 
new vegetation has matured 

- your erosion control measures begin to 
experience the effects of óshadingô 
generated by maturing plants. 

Second move of Play 1  

 

The design of new drainage channels  

¶ The focus of this document is not on 
stream rehabilitation, but on the design of 
vegetated drainage channelsðchannels 
that are often constructed in locations 
where a ówaterwayô did not previously 
exist. 

¶ Playing chess with nature becomes harder 
in these circumstances because, if your 
design is successful, then your new 
drainage channel will begin to look and 
behave like a natural waterway. 

Second move of Play 2 ï Check mate!  
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Designing to achieve a sustainable outcome  

 

Introduction  

¶ Engineering design typically involves 
factors of safety that produce outcomes 
that are considered to be well-below the 
expected ófailure conditionô. 

¶ However, in creek engineering, a well-
designed vegetated drainage channel will 
experience vegetation damage on a 
regular basis, followed by regrowth. 

¶ The long-term outcomes of a vegetated 
drainage channel depends on the 
outcomes of its damageïrepair cycle. 

Creek engineer  

 

Sediment flow  

¶ A waterway that is in balance with its 
drainage catchment, is a waterway that 
experiences a long-term balance between: 

- sediment inflow and outflow 

- vegetation damage and regrowth. 

¶ This does not mean that every sector of a 
waterway will experience an equal amount 
of ódamageô and órepairô. 

¶ The science of River Morphology studies 
these issues in much greater detail. 

Natural sediment flow (NSW)  

 

Vegetation damage  

¶ All vegetated communities experience 
natural damage and repair. 

¶ Vegetation cannot sustain endless growth. 

¶ Similarly, riparian zones must be able to 
experience ongoing periods of damage in 
order to achieve a balanced lifecycle. 

¶ Ideally, this balance between damage and 
repair is achieved through natural 
processes, and does not require human 
input (i.e. channel maintenance). 

Flood damage (Qld)  

 

Fish passage  

¶ It is natural for non-migrating fish to be 
swept downstream during flood events. 

¶ These fish then proceed to move back 
upstream during normal flow conditions, 
and minor flood events. 

¶ On the other hand, migrating fish have 
learnt to swim upstream during flood 
events as part of their lifecycle. 

¶ This means that all fish habitats need to 
be fish friendly, even if they contain only 
non-migrating fish species. 

Freshwater fish (SA)  
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Designing to minimise ongoing maintenance costs  

 

Introduction  

¶ As a council engineer, the author learnt 
that it was important to minimise 
maintenance costs on new council works, 
and assets accepted by the council as a 
result of new land developments. 

¶ The author reviewed numerous 
development proposals that contained 
statements such as: óWe assume Council 
will be maintaining these assetsôðthose 
óassetsô being assets that a body 
corporate would normally be required to 
own and maintain. 

¶ Developers love to design elaborate 
roadside gardens, vegetated drainage 
channels, and lakes, that will attract home 
buyers to the estate, especially when they 
know that they (the developer) will not be 
required to maintain such assets. 

¶ The author has also experienced the State 
Government wanting to ógiftô high-
maintenance assets to a council. 

¶ The most important aim of any a new 
asset is for it to be able to perform its 
required tasks, and the second most 
important aim is for the asset to be low 
maintenance!  

Channel maintenance (de -silting)  

 

Lake maintenance (dredging)  

 

Controlling vegetation growth  

¶ The problem:  Vegetation does know 
when to stop growing! 

¶ If the design of a drainage channel is 
based on the vegetation growing to a 
specified roughness condition, that is not 
its full-growth condition, then such a 
channel will require ongoing vegetation 
removal (i.e. maintenance). 

¶ Consequently, drainage channels must be 
designed on the basis that plants will 
reach maturity (say, n = 0.15 or 0.20). 

Complex channel  

 

The provision of maintenance access  

¶ Even though it is highly desirable to 
minimise the ongoing maintenance costs 
of a new asset, it is inevitable that at some 
stage, some degree of maintenance, or 
post-flood repairs, will be required. 

¶ When maintenance teams enter an area, 
they should not be faced with the added 
cost of having to build an access track. 

¶ Pre-formed access tracks can be used as 
fire breaks, fire trails, pedestrian corridors, 
and as grassed floodways. 

Maintenance access  
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Designing to minimise ongoing maintenance costs  

 

Smart landscaping  

¶ In the authorôs untrained opinion, within a 
waterway setting, good landscaping 
achieves the following outcomes: 

- filtering sunlight to minimise weeds 

- providing both shallow and deep-rooted 
plants to help stabilise the banks 

- shading the waterôs edge to optimise 
aquatic habitat values and shelter, and 

- developing an appropriate connection 
between the riparian zone, the adjacent 
land, and the waterway. 

Riparian zone planting  

 

Caution the use of pools, riffles and 
meandering channels  

¶ In can be tempting for a waterway 
designer to incorporate pools and riffles 
into a channel design, but riffles 
traditionally exist only in sand-based, 
gravel-based, and rock-based waterways. 

¶ Pools can exist is all waterways, but if the 
waterway does not want a pool to exist at 
a given location, then the waterway will 
quickly fill the pool, or move it. 

¶ A channel meander is a channel feature 
that should be introduced with care. 

Meandering low -flow channel (Qld)  

 

Use of vegetated rock  

¶ Traditional rock placement usually 
involves the rock being placed on a 
blanket of filter cloth with the voids left 
openðthis meant that the texture of the 
exposed rocks will became a feature of 
the exposed surface. 

¶ However, in a waterway environment, only 
the rocks placed below the water line 
should retain open voids (for habitat 
value)ðall rocks placed above the water 
line should be integrated into the riparian 
vegetation (and not placed on filter cloth). 

Newly placed and vegetated rock (Qld)  

 

Do not build high -maintenance structures 
out of gabions or rock mattresses  

¶ Urban waterways typically experience high 
levels of sedimentation, which can result 
in the need for ongoing de-silting. 

¶ If a pond, basin, or channel is expected to 
be de-silted from time-to-time, then such a 
feature should NEVER be lined with 
gabions or rock mattresses. 

¶ The wire baskets are easily damaged by 
most de-silting operations, other than 
vacuum pumping. 

A rock mattress -lined sediment pond!  
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Drainage channels, creek engineering and river morphology  

 

Introduction  

¶ Part 1  of this four-part document presents 
an overview of the different types of 
channel projects that can utilise the 
principles of Natural Channel Design. 

¶ Typical projects include: 

- rehabilitation of degraded waterways 

- channel expansion 

- relocation of a channel 

- design of vegetated drainage channels 

- replacement of an existing concrete 
drain with a vegetated channel. 

Browns Creek, Lismore, NSW in 2003  

 

Drainage channels  

¶ Part 2  of this document presents an 
overview of the design of vegetated 
drainage channels. 

¶ The design procedure presented here is 
different from that which would be used in 
the rehabilitation of a degraded waterway, 
but both tasks would share several design 
steps. 

¶ Drainage channels are normally 
constructed to increase the flow capacity 
of an existing overland flow path (i.e. not 
an existing waterway). 

Browns Creek, Lismore, NSW in 2007  

 

Minor waterways vs major waterways  

¶ Possibly the biggest difference between a 
minor waterway, such as a creek , and a 
major waterway, such as a river , is the 
influence of vegetation on the channel 
stability. 

¶ If a river wants to move during a flood, 
then no vegetation is going to stop it from 
moving, but as the size of the channel 
reduces, the ability of the riparian 
vegetation to control the erosion and the 
lateral movement of the channel, 
increases. 

A modified rural creek (Qld)  

 

Relocation of major waterways (rivers)  

¶ The process of relocating a river channel 
is a rare event, and it is a design process 
that the author has never experienced. 

¶ Major river channel works typically only 
occur in response to major flood damage, 
or where a river channel is migrating 
towards a public asset that cannot be 
moved. 

¶ These types of channel projects rely 
heavily on the use of regime theory, and 
the input from river specialists. 

River relocation (photo-generated image) 
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6. Design of Vegetated Drainage 
Channels  
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Introduction  

 

Introduction  

¶ This chapter primarily focuses on the 
design of new drainage channels, 
specifically, vegetated drainage channels. 

¶ The design procedure is not appropriate 
for the rehabilitation of existing waterways; 
however, much of the discussion could be 
applied to such projects. 

Vegetated drainage channel in 2001 (Qld)  

 

Design of vegetated drainage channels  

¶ The design procedure is based on the 
following design steps: 

- Define the projectôs objectives. 

- Nominate the various design storms. 

- Nominate the allowable flow velocity. 

- Determine the required flow area and 
channel profile. 

- Select the bank gradients, surface 
conditions, and Manningôs roughness. 

- Determine the required channel 
gradient. 

- Determine the channel alignment and 
meander conditions. 

- Design the bed conditions. 

- Design of bed stabilisation structures. 

- Design the channelôs inflow conditions. 

- Design the channelôs outflow 
conditions. 

- Design public and maintenance access. 

- Design the planting scheme. 

- Design the early phase erosion control 
measures. 

The above drainage channel in 2005  

 

Vegetated drainage channel (Qld)  

 

Typical legislation attached to drainage 
designs  

¶ Most States and Territories have policies 
and/or legislation that controls activities in 
and around recognised waterways. 

¶ A waterway can be recognised through 
the definitions attached to the legislation, 
or identified by a mapping system. 

¶ Storm drains are usually not recognised 
as waterways, even if they are designed to 
mimic a natural waterway; consequently, 
there can be an absence of legislation 
applicable to such drainage channels. 

Vegetated drainage channel (Qld)  
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Step 1: Define the projectôs objectives 

 

 

 

Introduction  

¶ As previously discussed, the focus of this 
chapter is on the design of vegetated 
drainage channels; not on the 
rehabilitation or alteration of waterways. 

¶ The fact that drainage channels are not 
classified as waterways does not mean 
that many of the ófeaturesô of waterways 
can not be integrated into the design of 
these channels. 

The culvert that the farmer wanted  

 

A storm drain is not a waterway  

¶ The attributes that are likely to be 
associated with a vegetated drainage 
channel include: 

- drainage and flood control 

- habitat and movement corridor for 
terrestrial fauna 

- maintenance access. 

¶ Optional attributes may include: 

- pedestrian and bikeway corridor 

- aquatic habitat, if attached to an 
existing aquatic habitat. 

What the engineer designed  

 

Understanding the practical reality of the 
construction site  

¶ Drainage channels need to integrate well 
with the surrounding land use. 

¶ The designers of vegetated drainage 
channels need to be aware of: 

- the capabilities of the people that will be 
constructing the channel (i.e. their 
equipment and construction skills) 

- the capabilities of the people that will be 
maintaining the channel (including the 
available equipment). 

What the farmer built  
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Defining the projectôs design objectives 

 

Introduction  

¶ As a civil engineer, the author approach 
the drafting of this document from the 
point of view of a civil engineer, or 
drainage engineer (if you prefer). 

¶ The author appreciates that it is not his job 
to tell YOU what YOUR design objectives 
should be. 

¶ That said; the author presents below his 
preferred design objectives. 

Drainage designer  

 

1st Priority  

¶ The first priority of a drainage designer 
should be to design a drainage system 
that meets the intent (or goals) of the 
governmentôs policies and planning 
schemes. 

¶ This means all policies, including: 

- public safety 

- drainage 

- flood management 

- waterway management 

- environmental and pollution control. 
Government policies  

 

2nd Priority  

¶ The second priority should be to design a 
drainage system that is sustainable, 
meaning: 

- low maintenance 

- sustainable drainage capacity (meaning 
ongoing vegetation growth does not 
cause an excessive decline in the 
channelôs flow capacity) 

- sustainable flood damage (meaning a 
balance is achieved between the flood 
damage to vegetation, and vegetation 
regrowth). 

Maintenance costs  

 

3rd Priority  

¶ The third priority should be to find an 
appropriate balance between the 
competing uses of the drainage corridor, 
including: 

- human movement 

- aquatic fauna 

- terrestrial fauna 

- arboreal fauna 

- water movement 

- riparian conservation. 

Public access (Qld)  
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Controlling laws and legislation  

 

Introduction  

¶ Any physical disturbances to a waterway, 
including the construction of a drainage 
channel, could be subjected to various 
forms of legislation. 

¶ Works conducted within a natural 
waterway can be subject to: 

- Waterway legislation (Natural 
Resources, or Primary Industries) 

- Fisheries legislation (Fisheries) 

- Environmental legislation (Environment 
Branch, including marine waters). 

Law courts (Qld)  

 

Common law  

¶ Common law is a legal system that gives 
weight to the principle that it is unfair to 
treat similar facts differently on different 
occasionsðthus judgesô decisions in 
active cases are informed by the decisions 
of previously settled cases. 

¶ The common law system (known also as 
ócase lawô) forms the basis of the 
Australian legal system. 

¶ Common law is only applicable in the 
absence of relevant óstatute lawsô, 
including local building codes. 

Australiaôs High Court (ACT) 

 

Instream works controlled by State 
legislation  

¶ The States and Territories of Australia can 
formulate their own laws (Territory laws 
developed through the Federal 
Government). 

¶ State laws apply equally to State 
Government works, local government 
works, and private works. 

¶ Note:  Approvals MUST be obtained from 
all relevant State Branches, which means 
Waterways, Fisheries, and Environmental. 

State government authority (Qld)  

 

Instream works controlled by local 
government planning schemes  

¶ Local government policies and design 
codes are enforced through relevant State 
Government legislation, such as: 

- Local Government Act (or the like) 

- Planning and Development Act (or the 
like) 

- Flood Control Act (or the like). 

¶ State legislation can empower a local 
government code, which can refer to an 
independent design guideline, such as this 
field guide. Local government (NSW)  
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Knowing what to focus on (repeated from Chapter 3 in Part 1) 

In ship building, if you were commissioned to build a frigate or battleship, then you would know 
what you were required to build. In architecture, if you were commissioned to design a hospital 
or a primary school, then again you would know exactly what is required. But in creek 
engineering, if you were asked to rehabilitate a waterway, would you automatically know what 
your focus should be? Who is it in society that speaks on behalf of the waterway? 
 
Natural Channel Design could be considered as just one of the design philosophies that could 
be used in the rehabilitation of a waterway. For some designers, the principles of Natural 
Channel Design should only be used in the design of drainage channels. So what role can it 
play in the rehabilitation of natural waterways? Whichever way you choose to think about these 
issues, the overriding question remains; óWhat are you trying to achieve?ô 
 
We can start to address this question by acknowledging that there are potentially six functions 
of a waterway corridor, those being: 

¶ human movement (pedestrian and cycling) 

¶ aquatic movement (fish passage) 

¶ terrestrial movement 

¶ arboreal movement 

¶ water flow (drainage and flood control) 

¶ riparian conservation. 

A project team could then set about the task of ranking the relative importance (Essential, 
Important, Secondary or a Non-issue) of each of these six outcomes. Tables 6.1 to 6.6 provide 
examples of how the ófocusô of a creek rehabilitation project could be developed. 
 
Table 6.1 ï Human movement  (authorôs opinion) 

Requirements  Essential  Important  Secondary  Non-issue  

Continuous, dual purpose pedestrian 
and bike pathway on at least one side of 
the waterway, with regular waterway 
crossings. Alternatively, pathways on 
both side of the waterway. 

Yes    

Dual purpose, pedestrian and bike 
pathways located in regions where 
these pathways do not detract from 
nominated essential functions of the 
waterway corridor. 

 Yes   

Pedestrian and bikeway conduits 
incorporated into the design of new 
culvert crossings. 

Yes Yes   

Regular access/exit ramps to adjacent 
roadways, bikeways and pathways. 

Yes Yes   

Pedestrian and bike pathways located 
beyond the top of bank. 

  Yes  

Pedestrian crossings of the waterway to 
link with existing off-stream pedestrian 
movement corridors. 

Yes Yes Yes  

Pedestrian crossings of the waterway 
are limited to road crossings. 

   Yes 
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Table 6.2 ï Aquatic fauna movement (typically not a priority on drainage channels) 

Requirements  Essential  Important  Secondary  Non-issue  

Identify and remove (rehabilitate) all 
artificial fish passage barriers from the 
full extent of the natural fish habitat. 

Yes Yes   

Identify and remove artificial barriers to 
the movement of other aquatic fauna 
(e.g. turtles). 

Yes Yes   

Develop a program for the staged 
rehabilitation of all artificial fish passage 
barriers from the full extent of the 
natural fish habitat. 

Yes Yes Yes  

Provide suitable riparian vegetation, and 
continuity of vegetation, to support fish 
migration during flood events. 

Yes Yes Desirable   

Replace all causeway crossings, and 
rehabilitate existing culvert crossings. 

Yes Yes Desirable   

Preference given to bridge and arch 
crossings of the waterway, if not 
mandated by State Fisheries. 

Yes Yes   

Adopt fish friendly designs for all new 
and replacement culverts. 

Yes Yes Yes  

Introduce skylights to the nominated 
ówetô cells of long culverts. 

Yes Yes Desirable   

Give appropriate consideration to the 
rehabilitation of habitat and the 
movement corridors of other aquatic 
fauna (e.g. turtles and eels). 

Yes Yes Yes Yes 

 

Examples of aquatic habitat:  

  

Shading of the waterôs edge (Qld) Open voids in rocks below water level  
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Table 6.3 ï Terrestrial fauna movement  (authorôs opinion) 

Requirements  Essential  Important  Secondary  Non-issue  

Prepare a fauna corridor master plan for 
the region, which links waterway 
corridors with major bushland corridors. 

Yes Yes   

Provide ódryô fauna pathways under 
bridges, arches, and through culverts. 

Yes Yes Yes  

Identify and rehabilitate discontinuities 
in the terrestrial movement corridors. 

Yes    

Develop a program for the staged 
rehabilitation of terrestrial movement 
corridors. 

 Yes Yes  

Shield fauna movement corridors from 
the effects of street lighting. 

Yes Yes   

Introduce both low level (dry pathways) 
and high level (lizard runs) to culverts. 

Yes Yes   

Investigate opportunities to return native 
fauna to waterways and vegetated 
drainage channels. 

Yes Yes Yes Yes 

 

 

Table 6.4 ï Arboreal fauna movement  (authorôs opinion) 

Requirements  Essential  Important  Secondary  Non-issue  

Establish appropriate canopy trees 
adjacent to permanent water bodies to 
assist birds safety accessing water. 

Yes Yes Yes  

Identify and rehabilitate discontinuities 
in arboreal movement corridors. 

Yes Unlikely to be an issue.  

Investigate the overall advantages and 
disadvantages of introducing nesting 
boxes to riparian zones. 

Yes    

Introduce additional nesting boxes to 
compensate for the loss of natural 
nesting hollows. 

Yes Yes   
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Table 6.5 ï Water movement  (authorôs opinion) 

Requirements  Essential  Important  Secondary  Non-issue  

Prepare a flood study of the waterway. Yes Yes   

Prepare a long-term program to mitigate 
any unacceptable flood risks. 

Yes Yes   

Prepare a master floodway corridor plan 
for the waterway, which identifies the 
preferred channel profile for each reach 
of the waterway. 

Yes    

Integrate the floodway master plan with 
the open space or parkland master 
plan. 

Yes Yes   

Prepare guidelines on the preferred 
planting schemes for each reach of the 
waterway. 

Yes Yes Yes  

 

 

Table 6.6 ï Riparian conservation  (authorôs opinion) 

Requirements  Essential  Important  Secondary  Non-issue  

Riparian zones have a minimum width 
of 30 metres to minimise the risk of 
excess weed growth in the centre of the 
riparian zone (i.e. controlling edge 
effects). 

Yes    

Active weed control within riparian zone. Yes Yes Yes  

Weed control within land adjacent to the 
riparian zones. 

Yes    

Riparian zones have a minimum width 
of 15 metres to minimise the risk of 
excess weed growth in the centre of the 
riparian zone. 

 Yes   

Riparian zones have a minimum width 
of 5 metres to minimise the risk of 
excess weed growth in the centre of the 
riparian zone. 

  Yes  

Markers or edge planting is use to 
separate mown grassland from riparian 
bushland.  

Yes Yes   

 



           

© Catchments & Creeks V1, April 2026 Page 25 

Defining the projectôs design objectives (example) 

 

Human movement outcomes  

 

Aquatic fauna outcomes  

 

Terrestrial fauna outcomes (linked to riparian width)  

 

Riparian values  
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Step 2: Nominate the various design storms  

 

 

 

Introduction  

¶ Traditionally there has only been one 
design storm linked with the design of 
drainage channels, and in most cases that 
is likely to continue. 

¶ That design storm was either: 

- 1-in-50 year (2%) storm with freeboard 
to adjacent private land, or 

- 1-in-100 year (1%) storm with freeboard 
to adjacent floor levels. 

Freeboard  

 

Nomination of the ódesign stormô 

¶ In the authorôs opinion, the following 
recommendations apply: 

- adopt the 2% storm if the drainage 
channel is expected to be well-
maintained, such as a mown grass 
swale 

- adopt the 1% storm if the drainage 
channelôs vegetation includes woody 
species 

- adopt a minimum 1-in-2 year flood level 
for bikeways. 

Bikeway  

 

Bankfull discharge  

¶ The bankfull discharge is of critical 
importance when designing waterway 
rehabilitation and relocation projects, but it 
is usually not relevant to the design of 
drainage channels. 

¶ In waterways, the bankfull discharge can 
influence the: 

- maximum flow velocity within the main 
channel 

- depth and width of the channel 

- minimum radius of channel bends. 

Bankfull flow (Qld)  
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Designing for a sustainable level of flood damage  

 

Introduction  

¶ In traditional engineering, a drainage 
channel would be designed for non-
damaging flow conditions during the 
nominated design storm. 

¶ However, in Natural Channel Design it is 
necessary to allow for an acceptable level 
of vegetation damage during major 
storms. 

¶ The theory being that damaged vegetation 
should have sufficient time to repair itself 
before the next storm/flood event. 

Flood damage to riparian vegetation  

 

Minor damage  

¶ A minor storm may be considered to be 
the 2 year ARI event. 

¶ The expected outcomes of a minor storm 
could be: 

- very minor in-bank damage 

- non-scouring in-bank flow velocities  

¶ Flows usually contained within the banks 
of the channel during such storms, with no 
additional safety hazards occurring within 
accessible public areas. 

1-in-2 year flood (Qld)  

 

Significant damage  

¶ A significant storm may be considered to 
be the 10 year ARI event. 

¶ The expected level of damage during a 
minor storm could be: 

- some in-bank vegetation damage 

- minor movement of bed material 

- scour holes downstream of tree trunks 
with minor loss of trees within over-
bank area, and some damage to 
shrubs.  

1-in-10 year flood (Qld)  

 

Infrequent severe damage  

¶ During a 20-50 year ARI event: Significant 
shrub damage. Moderate tree loss.  
Isolated bank damage. Moderate damage 
to over-bank grassed areas. 

¶ During a 100 year ARI event: Significant 
but repairable vegetation damage. No 
major water storage embankment failures. 
Moderate bank erosion. No significant re-
alignment of watercourse. No flood 
damage to habitable floor levels of homes. 

1-in-50 year flood (NSW)  
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Step 3: Nominate the allowable flow velocity  

 

 

 

Introduction  

¶ The design of grass or rock-lined drains is 
based on the allowable flow velocity for 
those particular materials. 

¶ For concrete-lined drains, the critical 
design aim is usually to avoid the 
formation of supercritical flows. 

¶ However, for vegetated drainage 
channels, the allowable flow velocities for 
various types of vegetation, and planting 
communities, are yet to be fully 
understood. 

Unknown answer  

 

A sustainable level of damage  

¶ The introduction of this document included 
a discussion on ódesigning to achieve 
sustainable damageô, which would at first 
appear to be a poor engineering outcome; 
however: 

- in Natural Channel Design we must 
learn to accept that some vegetation 
damage will occur during flood events 

- and, if the rate of damage equals the 
rate of natural regrowth, then the long-
term outcomes are considered ógoodô. 

Damageïrepair cycle  

 

Allowable flow velocity during site 
revegetation  

¶ In addition to setting limits on the 
allowable flow velocity during flood events, 
there is also a need to set limits on the 
maximum flow velocity during those storm 
events that are likely to occur during the 
early growth phase of the plants. 

¶ Recently established plants can be 
damaged by much lower flow velocities 
than those that can damage mature 
plants. 

Flood damage to young plants  
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Channel design  

 

Selection of the ódesign stormô 

¶ The 1-in-50 year (2%) flood event is 
typically chosen because it represents a 
major flood event during which some 
vegetation damage would normally be 
expected. 

¶ The 1-in-100 year (1%) flood can be 
chosen is floor level flooding is a concern. 

In the caption (left) óARRô means the 
Australian Rainfall and Runoff publication. 

Design storm terminology (ARR)  

 

Allowable flow velocity through vegetation  

¶ Recommended permissible flow velocity 
for vegetated channels varies with the 
channel roughness. 

- For n = 0.03, Vallow < 2.0 m/s, or refer to 
an appropriate grass drain table 

- For n = 0.06, Vallow < 1.7 m/s 

- For n = 0.09, Vallow < 1.5 m/s 

- For n = 0.15, Vallow < 1.0 m/s. 

¶ A Manningôs roughness of n = 0.15 is 
considered to represent mature bushland. 

Mature riparian bushland (Qld)  

 

Selection of the design storm for checking 
flow velocities during the early growth 
phase  

¶ A hydraulic analysis should be performed 
on a lightly vegetated channel condition to 
determine the flow velocity that is likely to 
occur during a 1-in-2 year (40%) storm 
event. 

¶ A Manningôs roughness of n = 0.05 to 0.06 
would typically represent these lightly 
vegetated channel conditions. 

Early growth phase (Qld)  

 

Allowable flow velocity through newly -
established vegetation  

¶ During these early phase conditions, an 
allowable flow velocity could be set at 1.6 
to 1.7 m/s. 

- For n = 0.05, Vallow < 1.6 m/s 

- For n = 0.06, Vallow < 1.7 m/s. 

Minor flood damage to new plants  


