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Foreword

| believe that this publication will be one of the last instalments in my collection of what | have
call ed, 6field guidesd. But his document shdg
because | have decided, based your feedback, to include both nouns and verbs in the same
sentence. A bit radical for an engineer, but | will try. Well, at least 50% of the time.

Thanks for reading. Enjoy.
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Purpose of this document

This document has been prepared specifically to:

1 provide guidance on the principles and application of Natural Channel Design

1 provide general education on creek engineering

1 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 modification projects.

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 channel |l ayout presented within the

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

Natural Channel Design (NCD) is not a form of creek rehabilitation or creek restoration;
however, it does share many values and design concepts with these activities.

Natural Channel Design is a channel design philosophy that aims to introduce sustainable
hydraulic and ecological features of local waterways into the design of constructed channels.

Creek rehabilitation is a process of restoring the hydraulic, ecological, floral and/or channel-
stabilising features of a waterway in a manner that is compatible with the altered channel or
catchment conditions of the waterway.

Creek restoration is the process of restoring the original features and geometry of a waterway.

The principles of Natural Channel Design can assist, but not outright dictate, the rehabilitation of
waterways that have been modified by past activities.

The typical uses of Natural Channel Design include:
1 the design of vegetated drainage channels
9 the relocation of waterway channels

1 the design of flood mitigation works that may impact upon a natural waterway, such as
channel expansion, floodplain modifications, or vegetation removal

1 the rehabilitation of a heavily modified section of a waterway.

Constructed channels not only have to integrate well with the catchment hydrology and ecology,
but they must also integrate well with the local community, and the values the community places
on these waterways and drainage channels. The ultimate aim is for the community, and the
local wildlife, to eventually treat the constructed channel as if it were a natural feature of the
landscape.

© Catchments & Creeks V1, April 2026 Page 7
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Layout of Part 1 of this four -part document
i, AT Cod. Tlaa R The Principles of Natural Channel Design

1 Chapter 1 introduces the philosophy of
Natural Channel Design (NCD).

1 This chapter discusses:
- the design team
- the ideals of a O6c¢r
- water quality issues

- some of the terminology used in Natural
Channel Design.

Application of Natural Channel Design

1 Chapter 2 introduced the different types of
waterway projects that can benefit from
the principles of Natural Channel Design,
including:

- rehabilitation of a degraded waterway
- stabilisation of an eroded waterway

- channel expansion

- design of vegetated drainage channels

- replacement of old concrete drains.

Project Planning

1 Chapter 3 discusses the potential steps
involved in the planning of creek
rehabilitation projects.

1 Chapter 3 focuses on creek rehabilitation
projects rather than the design of drainage
channels (which is the focus of Part 2 of
this four-part document).

Managing Public Expectations

1 Chapter 4 introduces the types of
discussion that need to be held with the
public about creek projects.

T Discussions include
expected flood damage, the potential
involvement of community groups, and
planting schemes.

Policy Issues

1 Chapter 5 discusses the issues that
should be addressed within waterway
management policies.

Public consultation

© Catchments & Creeks V1, April 2026 Page 8



1. The Principles of Natural
Channel Design
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Introduction

The aim

A 1 The aim of Natural Channel Design (NCD)

is to provide the required hydraulic
conveyance, while maximising the
channel's environmental values.

1 This design approach combines the
disciplines of:
- hydraulic engineering
- fluvial geomorphology
- riparian-based biology and ecology

- bushland restoration and landscape
architecture.

Application of Natural Channel Design

1 The application of Natural Channel Design
(NCD) can include:

- design of vegetated drainage channels
- channel expansion (widening)

- channel relocation

- waterway rehabilitation

- restoration of aquatic habitats

- restoration of terrestrial movement

e corridors.
supplied by Catchments & Creeks Pty Lig~.
Constructed drainage channel (Qld)
T e Limitations

1 Unfortunately, it is not possible to have an
all-natural waterway within and unnatural
catchment.

1 However, the principles of NCD can assist
in the rehabilitation of a modified waterway
through the adaptation of channel features
that would likely have been associated
with the original waterway.

1 The fact remainsd because a waterway is
a product of its catchment, if you change
the catchment, then you will change the

»w : e gbreeks Pty Ltd
' waterway.

A modified drainage catchment (QId)

A failed design approach

1 ThedFi el d odppraachdoachasnel
design and creek rehabilitation is a design
approach that focuses on encouraging
wildlife to move into a created habitat,
such as a constructed drainage channel.

1 This approach can seen as legitimate
when the aim is to replace habitat that has
been lost from others parts of a city.

1 However, we should never encourage
non-native fauna or flora to inhabit a
natural waterway.

Caution!

© Catchments & Creeks V1, April 2026 Page 10




The design team

The design team

1 Wherever possible, the design team
should consist of an:

- aquatic ecologist
- terrestrial ecologist or wildlife officer
- creek engineer or river morphologist
- local vegetation expert
- soils expert (soil scientist).
1 Certain members of the team may not be

required if relevant guidance is provided
within existing plans and reports.

Hydraulic and fluvial engineering

1 Creeks and rivers share many properties,
but they also have their own
characteristics.

T I f the project i nvol
creek engineer may be appropriate;
however, if the project is dealing with a
6r i v e rrriver mdrghalogist could
provide valuable guidance.

1 A soils expert is often required if the area
contains problem soils, such as sodic or
acid sulfate soils.

Riparian biology and ecology

I Natural Channel Design aims to preserve
the integrity of a local ecosystem by
conserving or promoting diverse
communities and species that are
appropriate for the local area.

1 The two key areas of interest are:
- aguatic habitats
- terrestrial habitats.

Bush rehabilitation and landscape design

1 Bush restoration is a very different
6scienceb6 from that
architecture, but that does not prevent a
landscape architect from having expertise
in bush restoration and the management
of riparian communities.

1 The key knowledgeisnot6 what pr
grew in the aread, b
there in the future given the changing
conditions of the site, and/or the changing
catchment.

Bushland habitat officer

© Catchments & Creeks V1, April 2026 Page 11




The 6Creek Whispererod
Introduction

1 Theconceptofadcr eek whi sp
originates from the Hollywood movie, 6 T h
Hor se Whi spererd

1 The term refers to someone that has the
ability to read and understand what
messages the waterway is displaying
through its:

- channel erosion and flood damage
- meandering channel patterns

- water quality and sedimentation

- and its changing ecology.

Waterway specialist
Potential background of a waterway expert

1 The key attributes of a waterway expert
are (in the authoros

- education
- experience

- willingness to admi
know everything, and their willingness
to seek the advice of other experts.

91 There is no profession that holds a
monopoly on being a waterway expert.

Knowledge and training

o

Reading a waterway

1 The science of river morphology can tell
you what to expect in a typical waterway,
but the two instruments that a waterway
expert relies upon in order to understand a
stressed waterway are:

- their eyes, and

- their experience.

1 Practitioners should take every opportunity
to observe that shape of a channel, the
marks in the soil, the type of plant
damage, and the movement of the water.

Measuring the health of a waterway

T A 6creek whisperero
health of a waterway solely on its water
quality.

1 The health of a waterway should be based
on:

- the long-term water quality

- the diversity of aquatic life, including
invertebrates

- the health of the riparian zone and
fauna

- the stability of the waterway channel.

g

Waterway inhabitants (QId)

© Catchments & Creeks V1, April 2026 Page 12




Water quality issues

Introduction

1 Humans typically have a blood test only
when they are in poor health, which
means an average of these test results will
show a bias towards

1 Similarly, if we only test water quality
when we expect a waterway to be in poor
health, then the results can show a bias
towards 6époor health

1 Thelessonis: Don6t make <co
from water quality results unless you have
knowledge of the testing program.

T A water quality test
of an issue; not a conclusion.

1 Remember: An person could use selective
water quality results to make a healthy
waterway appear to be unhealthy, or an
unhealthy waterway to appear to be in a
health condition.

1 What is more important than a point-in-
time water quality check, is the ability of a
waterway to quickly improve its water
quality after a flood event.

(LT TRR [ CTRR TR VLT |t is also important to note that floodwater
can fully drain from most creeks, but is
Photo supplied by Catchments & Creeks Pty Ltd |arge|y retained within most rivers.

Maintaining groundwater inflows

91 If alocal authority wishes to encourage
the adoption of Natural Channel Design
within existing and future urban
developments, then the authority should
also encourage:

- stormwater infiltration in order to
maximise groundwater inflows (spring
flows) into drainage channels and
waterways, and the adoption of

- stormwater retention systems that
slowly release filtered water into the
drainage system after storm events.

Sediment control

1 Drainage channels that have been
constructed with natural channel features
can be completely destroyed if the
drainage catchment does not have active
erosion and sediment control practices on
building and construction sites.

1 Excessive coarse sediment (sand) can
smother low-flow channels, and infill
habitat pools.

1 Excessive turbidity (clay) can severely
) . B Sy impact the health of aquatic fauna.
Urban development (Qld)

© Catchments & Creeks V1, April 2026 Page 13




Terminology

5

LY
Photo supplied by Cat\chm' n

Navigable waterway (NSW)

The

Macquarie

DICTIONARY

Macquarie dictionary

Introduction

1 There are many ways to classify a
waterway, and the profession of river
morphology has its own terminology.

9  This publication classifies springs, brooks
and creeks as minor waterways, and most
rivers as major waterways; however, it is
noted that most rivers commence as a
minor waterway.

1 Minor waterways can be classified in
accordance with the dominant bed
material (i.e. clay, sand, gravel or rock).

The ter m:

A watercourse is a channel with defined
bed and banks along which surface water
flows on a permanent or semi-permanent
basis, or at least under natural conditions
for a substantial time following periods of
heavy rainfall within its catchment.

1 Constructed drainage channels are
usually not considered to be
watercourses; however, the adoption of
Natural Channel Design principles in the
design of drainage channels is beginning
to change that status.

The

9 Historically, the term waterway referred
only to a navigable watercourse.

T I'n rural communi
can be used to describe a shallow
drainage line that crosses farmland (in
urban areas this would be called an
6overl and

term: Owaterwaybo

ti

1 Inthe fluvial (waterway) industry it is
common for the
Owatercoursed to be
will be the case throughout this document.

The ter m: 6artificial

1 The term: artificial means:

6Made by human (eppdsddto
natural); made in imitation of or as a
substitute; not genu

T Thus, an o6artindta ci al
wetland made from plastic plants, but in
fact any constructed wetland.

1 Therefore, Natural Channel Design may
be said to produce an artificial waterway,
which may or may not be recognised as a
watercourse by State authorities.

6watercour se

es

fl ow pathod

t er ms

¢
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2. Application of Natural Channel
Design

© Catchments & Creeks V1, April 2026 Page 15




Introduction

The focus of NCD is on rehabilitation, not
restoration

1 Natural Channel Design (NCD) CANNOT
produce a O6natural 6
can do that.

1 Natural Channel Design CANNOT be
used to return (restore) a modified
waterway back to its original condition.

1 However, Natural Channel Design CAN

be used to design a new channel, or to
rehabilitate an existing channel in a
manner that incorporates natural features.

Caution!

Restoration _ of a natural waterway

I The process of returning a waterway back
to its original, natural, condition is a
process kmewnmomati @n

1 Designers should NOT attempt to restore
the complete natural conditions of a
waterway if the drainage catchment
remains in a modified condition.

1 A waterway is a product of its catchmentd
if you change the catchment, then you will
change the waterway.

Photo supplied by Catchmentﬁ 2 A ‘-..‘:% 3 .
Urbanisation (QId)

Rehabilitation _ of a natural waterway

1 The process of rehabilitating a waterway
involves:

- physically forming, or guiding a
waterway towards the formation of a
channel layout, alignment, and profile
that is compatible with the catchment
hydrology, soil conditions, riparian
vegetation, and local fauna.

1 The design procedures incorporated into
Natural Channel Design are not normally
used in creek O6rehab
share many components.

S \‘ i . Gﬁ"_& tekaa
Rehabilitation of an eroded creek bank
Uses of Natural Channel Design (NCD)

1 The principles of Natural Channel Design
can be used in:

- bush regeneration (low degree of
involvement)

- creek rehabilitation (mild degree of
involvement)

- channel expansion
- channel relocation

- the design of constructed drainage
channels.

The design process

© Catchments & Creeks V1, April 2026 Page 16



Application of Natural Channel Design (NCD)

R = Revegetation

F = Channel features
C = Cross-section
P = Plan form

R Bush regeneration

R \ Creek rehabilitation

C / F | R \Channel expansion

P = R \Channel relocation

tion\ drainage
channels

Cross-section Features

/ P C = R \ Constructed
Plan form Revegeta

1  The public demand for flood mitigation
often results in the widening of selected
reaches of a waterway channel, especially
at channel constrictions.

1 Much of the design process is performed
through flood modelling; however, the
principles of Natural Channel Design can
be used to determine: the depthi width
ratio, the form of the channel bed, the size
of the low-flow channel, and the design of
key channel features (channel furniture).

o supplied by Catchments & Creeks Pty Ltd -
Enlarge channel capacity (Qld)

< T Channel relocation
1 Inthe past, waterway channels were
relocated in order to optimise the layout of

a new urban development.

1 These days, a natural channel is only
likely to be relocated if such actions are
considered of significant benefit to the
wider community.

1 Channel relocation is similar to the design
of drainage channel; however, the size of
the channel must blend seamlessly with
the existing upstream and downstream
channels.

i~ e ;
A relocated waterway channel (Qld)

© Catchments & Creeks V1, April 2026 Page 17




Application of

GARY ). BRIERLEY AND KIRSTIE A. FRYIRS
Geomorphology and
River Management

Applications of the River Styles Framework

WILEY Blackwell

River Styles Framework, 2005
X i) 'n;,g F S e

0jo supplied y‘(‘! s eks’

i

Fully constructed drainage chan

nel (Qld)

Natur al Channel Desigl\ t o
2= Introduction

9 There are those that claim that the rules of
geomorphology apply equally to both
creeks and rivers, and there are those that
know better!

1 Theterms: 6 cr ar@ld ® i carebe 6
misleading because all rivers start out as
creeks, but can still be posted as rivers.

1 Eventheterms:éd mi nor wander
6maj or waanbe coanduging vhen
South Australian waterways are compared
to Queensland waterways.

What makes a river different from a creek?
1 Ingeneral:

- the smaller the channel, the more
important vegetation is in determining
the channel 6s si ze

- if a major waterway wants to move,
then no vegetation is going to stop it

- most rivers experience some degree of
natural sediment flow; however, some
minor waterways can have almost zero
natural sediment flow.

Application of NCD to rivers

1 Inriver morphology, water flow and
sediment flow will dominate over the
riparian vegetation.

1 Suggested reference documents include:

- Geomorphology and River
Management, 2005.

- Geomorphic Analysis of River Systems.

- Stream Analysis and Fish Habitat
Design, 1993.

- Natural Channel Systems, An Approach
to Management and Design, 1994.

Application of NCD to  creeks

1 The geomorphology of minor waterways
represents the science that most closely
aligns with the principles of Natural
Channel Design as presented within this
document.

1 When Natural Channel Design is applied
to the design of a vegetated drainage
channel, then the choice of vegetation,
and the arrangement of these plants,
becomes a dominate factor in the design
and performance of the channel.

© Catchments & Creeks
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2.1 Bush regeneration

2.1 Bush Regeneration

Cubberla Creek, Brisbane (QIld)

Introduction

1 Atfirst glance, there would appear to be
very little connection between the science
of bush regeneration, and the engineering
of vegetated drainage channels, but the
connection is very strong.

1 The design of a vegetated drainage
channel will almost certainly fail in the
long-term if the design team does not
incorporate the experience of revegetation
experts.

1 Good | andscaping c
into a delightful watercourse.

an

A

Phalpied by &
Torrens River, Adelaide (SA)
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Approaches to bush regeneration

'ghoto suppliedhby

Reconstruction of a riparian zone (QIld)

Introduction

1 Ecosystem rehabilitation can be
approached in four different ways:
- natural regeneration
- assisted bush regeneration
- bush reconstruction
- bush fabrication.

1 Natural regeneration involves weed
removal, and the regeneration of native
plants from the existing in-soil seed bank.

Assisted bush regeneration

91 Assisted bush regeneration is most useful
when the in-soil seed bank has been
depleted, and the species diversity is low.

1 These programs involve weed removal
and seed collection, which is used to
propagate seedlings for later planting.

1 After initial weeding, time is given to see if
natural regeneration will occur, possibly
over 12 monthsd if unsuccessful, then
assisted planting can occur.

Bush reconstruction

1 Bush reconstruction occurs when the site
is heavily modified, but the soil and
hydrological conditions remain suitable for
the original plant communities.

1 The original plant communities can be
identified through tree surveys of the site,
and adjacent plant communities.

1 Tree surveys of nearby bushland can be
useful, but expert advice will be required
to modify these survey results for the
riparian conditions of the waterway.

Bush fabrication

91 Bush fabrication is the process that is
often adopted when:

- constructing a new drainage channel

- replacing a concrete-lined drain with a
vegetated drainage channel.

1  Wherever possible, the fabrication process

should mimic the abo
approach.
1 Note: Any seed introduced into these
: drainage channels will likely migrate
- = — downstream into natural waterways.
A newly -constructed drainage channel
© Catchments & Creeks V1, April 2026 Page 20




Introduction

1 Most people would expect that the
greatest threat to our waterways would
come from the actions of engineers that
still want to build concrete drains.

1 However, engineering is a service
industry, which means most engineers aim
to build whatever the community wants,
which means engineers will start to design
and build vegetated drainage channels as
fast as the community demands the
existence of vegetated drainage channels
within our suburbs.

The stubborn weeder

T I'n the authords opin
to our waterways currently comes from the
6stubborn weederd

1 Thisis a council officer, or a public
volunteer, who is so driven by the task of
removing weeds that they fail to consider
the wider impacts of their actions.

9 Just to be very clear, removing weeds
from a waterway can be a very good
activity; however, there is no task that
should ever be performed without
appropriate planning and thought.

i by A(:atcmf)en‘l.’s‘ soks Pty L
Excessive weed removal

Problems caused by uncontrolled weeding

1 Weeds may be considered an undesirable
plant, but weeds are still plants, and
weeds do what most plants dod they help
to control erosion, while also providing
food, shelter and habitat.

1 The rapid removal of weeds can increase
the risk of channel erosion, which can
undermine native vegetation.

1 Rapid weed removal can also cause a
short-term increase in flow velocities,
which can trigger further channel erosion.

The correct way to remove weeds

# A general aim may be to achieve a minimum of - N
. six years growth between stages 1 and 3; x . ¥ ﬂ As a general rule, no weed should be

removed from a channel unless there is a
replacement plant that is ready to be
planted, and that can provide the same
erosion control benefits that the weed had
previously provided.

1 Extensive weed removal projects must be
staggered along a waterway so that flow
velocities are no altered in a manner that
would cause uncontrolled channel erosion
(i.e. a lot of thought and planning).

© Catchments & Creeks V1, April 2026 Page 21




2.2 Rehabilitation of a degraded waterway

2.2 Rehabilitation of a
Degraded Waterway

Introduction

1 The rehabilitation of a degraded waterway
usually does not involve major channel
works; however, if the waterway has
developed an unstable channel meander,
or unstable banks, then major works may
be required.

1 If the waterway is severely degraded, then
there may be little information available on
the waterwayds Onatu
case the principles of Natural Channel
Design may assist in the development of a
natural-looking waterway.

Norman Creek, Arnwood

Place, (1999)
_—
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Rehabilitation of Norman Creek, Arnwood Place, (2014)
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Rehabilitation of a degraded waterway
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Cubberla Ck, Akuna St, Chapel Hill (1991) Same view in 2014

4 b Be

Photo supplied by Catchménts & Créeks Pty Ltd

7

Kedron Brook, Mitchelton, Brisbane (1999) Same view in 2014

Norman Ck, Willis St, Brisbane (2001) Same view in 2014
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