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Purpose of field guide

Part 3 of this four-part document has been prepared specifically to:
1 provide general information on creek engineering
1 provide this information in a manner that is both visually attractive and easy to understand.

While Part 2 of this document may have focused on the design of drainage channels, Part 3
focuses on the attributes of natural waterways. Some of these attributes may be incorporated
into the design of Natural Channel Design projects as outlined in Part 1.

It was not the intension of the author that Part 3 would be read from cover to cover. Part is
presented as aseriesofselff-c ont ai ned o0fact sheetsd on the
However, the author is aware that some readers (those that wish to learn about creek
engineering), may choose to read the document from cover to cover. To those readers, | wish to
warn you that there is a lot of repetition of key issues from topic to topic, and chapter to chapter.

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 40 years experience in the fields of hydraulics, creek
engineering and erosion & sediment control, during which time he has 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. He currently works through his own
company Catchments & Creeks Pty Ltd.

Introduction

Nobody should ever judge the O6healthoé of a
standard were used, then a glass of pure water would be classified as a health waterway. An
ephemeral waterway does not even need flowing water in order to be classified as a healthy.

Natural Channel Design is not just the combined ecological and hydraulic design of a channel. It
is an urban drainage philosophy that must integrate a wide range of principles and ideals into a
functional, affordable, and aesthetically pleasing outcome that incorporates appropriate natural
features.

topi s

Natur al Channel Design not only has to intedqrate

ecology, but it must also integrate well with the local community and the values the community
places on their waterways.

The list of channel features that are discussed within this Part 3 have been divided into five
categories:

Human Access and Usage (Chapter 11)

Pathways and Watercourse Crossings (Chapter 12)

Aquatic Habitats (Chapter 13)

Terrestrial Habitats (Chapter 14)

1 Riparian Zones. (Chapter 15)

= =4 —a -8

Readers are reminded that this document has
specialised in creek engineering. The author is not a wildlife biologist, nor a bushland officer.

been
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11. Human Access and Usage
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Introduction

Recreational activity (QId)
& i

A 6Growitd insi

Introduction

1

Key channel features

1

Active and non -active open space

f

Legal issues

- Accessibility (public access)
- Adjacent land usage

- Aesthetics

- Cultural values

- Drainage

- Open space management

- Pedestrian crossings

- Recreation

- Safety.

A waterway does not need to support
human usage in order to be a valued part
of our landscape, in the same way that a
wilderness does not need human access
in order to be valued by humans.

A waterway that does not have public
access is NOT a 6wa

Public access to waterways is important,
but too much access can be worse than
not enoughd the key is finding the right
balance.

Issues discussed in this chapter include:

While working for a council, the author
was introduced to the term: 6 Mo wi t s
Growi tso

The expression comes from the idea that
there are some people in councils that
focus on the cutting of vegetation (on
public land), and others that focus on
growing vegetation.

Our society needs by(
t he 0 Gritoswll abautinding the
right balance.

Wherever there is human interaction with
our landscapes, there will be safety risks,
and there will be legal issues.

There is NO legal requirement for water
authorities to make

Natural Channel Design adds further
complexity to this issue because the
6designerd of the w
professional responsibility that is linked
back to the designe

© Catchments & Creeks
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Accessibility (public access)

Photo supplied by Catchments & Creeks Pty Ltd

Public access to a beach (Qld)

1

1

f

Introduction

Consider the following analogy:

Limiting public access to open space

How much access should the public have
to a waterway?

There are many functions and values of a
waterway that are enhanced through
public usage, and just as many functions
and values that can be damaged by public
access.

It is not a question about whether the
public has the right to access waterways;
instead, it is a question of whether the
public should access waterways.

In regards to our freedom of speech, we
have the power to say what we want, but it
is a measure of our strength that we
choose to restrict our speech at certain
times so we dondt of

In regards our physical strength, we may
have the power to force our will over
others, but we show our strength by
resisting the use of violence.

In regards to a power of attorney, we may
have the power, or legal right, to utilise the
money owned by the person that we are
caring for, but we show our strength by
only using that per
direct benefit of that person, and not for
our own benefit.

Similarly, when it comes to managing our
waterways, t he public m3
to access and utilise all areas of lands
declared as O6open s |
is:

Is the public willing to demonstrate their
strength by limiting their access to
waterways for the benefit of the
community and the waterway?

In coastal regions, we limit public access
through the sand dunes in order to protect
the sand dunes, which ultimately helps to
protect our coastline.

At waterways, we should also limit public
access through the riparian zone, within
the waters, and across the waters, in order
to protect the oOval{
waters.

The O60keyd i s-defimed hav
waterway values.

© Catchments & Creeks
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Introduction

1 Inanideal world, the properties of a
natural or constructed watercourse would
be independent of the adjacent land use;
however in the real world, conflicts can
occur.

1 These conflicts are typically linked to:
- aesthetics
- vegetation management
- perceived safety risks
- the control of oOve
- golf courses.

Aesthetics

1 By their very nature, waterways can
appear Omessmyad notraiong
they are positioned next to well-
maintained park.

9 But this observation does NOT mean the
waterway is poorly maintainedd it is just a
perception.

1 Such aesthetic issues can be addressed
with intelligent landscapingd even
something as simple as a line of
Lomandra planted along the border
between the waterway and the park.

Perceived safety risks

T I'n an urban environ
ri skoé is ofetxcmsetouesmevdl
something that some
example:

- the bush must be cleared because it
encourages Osnakes

- rock stabilisation of a creek bank
cannot occur because it may
encourage o6verminbod

- trees must be cleared from the creek
because of the O6bu

Golf courses

1 The author has had a long history of
dealing with conflicts between golf courses
and waterways.

T I'n the aut haareek san pagsi {
along the side of a golf course, but town
planners should NEVER allow a golf
course to straddle a waterway.

1 Conflicts include:

- excess fertiliser runoff
- removal of riparian vegetation
- the hard engineering of eroding bank.

Creek passing through a golf course

© Catchments & Creeks V1, April 2026 Page 11



Aesthetics

Introduction

1 The aesthetics of a waterway is largely
governed by three factors:
- landscaping
- the observerds vie

- the contrast between the waterway and
the adjacent land.

1  With appropriate landscaping, a storm
drain can look like a natural waterway, as
the example presented below
demonstrates.

Storm drain without riparian vegetation

/

ﬁh&o&ubplied' ichmentsi&Greeks Pty Ltd

! S'u nlge;&%Catchmﬁts & Creeg, lat@

Recently constructed storm drain (2000) Same storm drain (left) in 2014

Edge planting

1 Edge planting can be applied to a narrow
riparian zone to:

- reduce the side-entry of sunlight, which
can reduce weed growth

- reduce the risk of grass mowing
operations damaging riparian plants

- help form a visual barrier between a
high-maintenance park, and a low-
maintenance riparian zone.

Vegetated storm drains

1 The introduction of woody vegetation to a
storm drain can have both positive and
negative outcomes.

1 On the positive; a canopy can improve the
aesthetics of the drain, and can even hide
litter released from the storm drain.

1 On the negative; if the drain requires
maintenance, such as de-silting, then such
works may require the removal of
established vegetation, which increases
the cost of the maintenance work, and
creates an aesthetics problem.

SUPPIE Vo)

Vegetated minor storm drain (Qld)
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Introduction

1 As asecond generation Australian of
British migrates, the author does not feel
worthy to discuss the cultural values of our
waterways.

 Instead, readers should seek advice on
this topic from better qualified authors.

On-site recognition of cultural values

1 Project planning and design should
respect the traditional cultural values of
the waterways, which may include:

- a point of gathering

- fishing ponds.

Recognition of the traditional name of the
watercourse and land

9 The traditional name of the location and/or
waterway can be included in new signage.

Polelewawta

= dhe g 1  Public information boards can be used to
| LITTLE FORESTER e g tell the traditional stories associated with
RIVER . the land and its waters.

Always recognising the needs of the
waterway

T I'n the authordés opi |
values placed on a waterway should
always come second to the current needs
of the waterways.

Soil

Ve:;:'t‘ion T Honouring the cultural values of a _
waterway should not involve the formation
~ Y x of a swimming hole, or fishing hole, if such
Channel Size a water feature is inconsistent with the

current geomorphology of the waterway.

T The 6needsd of the
Balanced geomorphology exceed the oOwantso I

© Catchments & Creeks V1, April 2026 Page 13



Drainage and flood control

Creek catchment

Photo supplied by Catchments & Cre 7 s Pty Ltd

Introduction

9 True story: The author once attended a
public seminar in which a person
announced the disgust they felt when they
had discovered that the council was
releasing stormwater into their creek.

9 Itis statements like this that make you
realise how easy it is for people to forget
what the primary function of a waterway is.

T The primary reason
waterway, is to drain the land of excess
stormwater runoff.

Catchment drainage

1 There are two types of drainage that
waterways perform:

- drainage of excess stormwater from
the catchment surface

- drainage of sub-surface water

e (groundwater and spring flows).

1 The retention, and protection, of both of
these functions is important.

w4 The use of low -flow channels

1 Only the smallest of channels is often
required in order to achieve effective
drainage, which is a task that is often
performed by a low-flow channel.

1 If awide drainage channel is being
rehabilitated, then consideration should be
given to the formation of a narrow low-flow
channel, with the remainder of the channel
bed being benched to form a floodway (or
the like).

Flood control

1 In constructed drainage channels it is the
capacity of the channel that provides flood

Main channel and floodways

control.

1 Inwaterways, it is the floodplains and
floodways that provide flood control.

1 Inwaterways, flood control is usually
linked to vegetation management, the
landscaping of channel modifications, and
the grouping of floodplain trees to form
areas of bushland (riparian zones)
adjacent to areas of open grassed
floodways.

© Catchments & Creeks
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Floodways

Introduction

1

Floodway = Main channel
|

Low -level floodway (QId)

1

1

f

Open grassed floodways can perform
several functions, including:

- increased flow conveyance

public access, footpaths, bikeways
- maintenance access

- fire breaks and fire trails.

Floodways typically form part of the
floodplains, but are generally free of
woody vegetation, which allows flood
flows to occur without vegetation damage.

High-level floodways

The primary purpose of a high-level
floodway is not flood conveyance (this is
because the floodway is too close to the
elevation of the adjacent properties).

Instead, these floodways primarily act as
fire trails, maintenance access, and
pedestrian movement corridors.

These areas of open grass also help to
discourage terrestrial wildlife (snakes)
moving from the riparian zone and then
into residential properties.

Benched floodways

Benching a waterway bank can increase
the stability of the channel bank, and its
resilience to flood damage.

If this benched area is left as a grassed
floodway, then the area can act as:

- maintenance access

a floodway

- pedestrian movement corridor.

The benched area must be regularly
mown in order to maintain these benefits.

Low -level floodways

Floodways are most commonly located on
low-level floodplains.

These floodways can significantly increase
the flow conveyance of a waterway, while
also providing maintenance access and
pedestrian pathways.

Bikeways are typically located above the
1-in-2 year flood level.

© Catchments & Creeks
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Golf courses
O R R

¥

to éypp ied By, Cat

Rock -lined creek without riparian zone

Introduction

1

Most waterways have floodplains, and
these floodplains have limited uses.

A golf course is one of the acceptable
uses of flood-prone land.

Golf course owners may welcome access
to cheap and wide expanses of land, but
they are unlikely to welcome the existence
of the adjacent watercourse.

The fact is, golf courses need to follow the
same waterway regulations that the rest of
the community must follow.

Excess nutrient runoff

1

Most golf courses employ ground
managers (or similar), to manage the
greens and fairways of the golf course.

These managers take pride in presenting
to their members and visitors the best
possible greens.

Unfortunately, the fertiliser that is used to
mai ntain the 6égreen
condition, is likely to cause harm to any
waterway passing through, or near, the
golf course.

Loss of natural riparian vegetation

f

If the golf course owns land on both sides
of a watercourse, then it is likely that some
fairways will cross over the watercourse,
making the watercourse just one of the

6hazardso6 of the hol

Inevitably this can lead to the total removal
of the natural riparian vegetation.

Such vegetation clearing would require
State Government approval, including
Fisheries approval.

Use of hard engineering bank stabilisation

1

Without the stabilising benefits of natural
vegetation, creek banks can become
unstable and subjected to increased flow
velocities, and bank erosion.

I n the authordés opi
managers generally prefer hard
engineering solutions that do not introduce
tall vegetation to the fairways.

Such bank stabilisation measures would
require State Government approval,
including Fisheries approval.

© Catchments & Creeks V1, April 2026 Page 16



Open space management
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Wildlife corridor map (QId)

Introduction

T Inan urban environment, areas classified
as 6open spaceb can

open plan parks

sports ovals

- public-entry gardens
- bushland reserves

- waterway corridors

- National Parks.

The open space benefits of waterway
corridors

1 Waterway corridors can contribute to a
regiondbs open space
- pedestrian pathways
- bikeways
- quiet and peaceful surroundings
- bird and nature watching
- recreational fishing
- swimming and bathing
- gathering of friends.

The importance of connectivity

1 There is no denying that the need for open
space is primarily
and wants; however, areas of open space
also provide significant benefits to wildlife.

1 Acritical attribute of open space is the
connectivity between areas of bushland
and waterway corridors, which allows
some animals to move between different
areas to avoid long-term interbreeding
problems that can occur within isolated
areas of bushland.

Potential conflicts with fauna needs

9 It could be stated that there are four key
aspects of open space management:

bushland management

wildlife management

fire management, and

people management.

1 Many people visit areas of open space to
enjoy encounters with native wildlife;
however, such encounters are rarely
enjoyed by the wildlife.

© Catchments & Creeks
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Recreation 1 finding the right balance

" Photo s’rruppliedA by Catc{ir.neﬁ(s & Creel

Meeting of domestic and wild fauna

Introduction

1

Controlling public access to waterways

1

Interaction with aquatic environment

1

Interaction with terrestrial environment

1

Poweri s a measure of
political, economic, or social influence.

Control is a measure of how much a
person chooses to exercise their power.

Publicrightsi s a measur e d
political, economic and social influence
and access, as provided by legislation.

Public control is a measure of how much
the public chooses to exercise their public
rights.

The public has the
access public open space, such as
waterways that pass through Crown land.

However, it is the task of land managers to
6control d the exten}
access for the overall benefit of the public
and the asset.

This control can exist through the use of
rules and regulations, sign posts, and
areas marked-off by fencing.

Potential adverse effects on the aquatic
environment can include:

- the release of non-native (fish tank)
species

- the removal of native wildlife for private
fish tanks

- excessive fishing

- barriers to fish passage caused by
waterway crossings.

Potential adverse effects on the terrestrial
wildlife can include:

- disturbance to wildlife during their
morning feeding by early morning
joggers and cyclists

- disturbance to wildlife by domestic pets
(dog walking)

- loss of wildlife by domestic cats

- removal of wildlife from waterway
corridors as domestic pets.

© Catchments & Creeks
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Safety
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Introduction

1 Safety is a major issue of consideration
when managing stormwater, waterways,
and areas of open space.

1 Aspects of stormwater safety will
(possibly) be addressed in new
Catchments and Creeks document which
very much in a draft form as of April 2026.

Legal issues and the ownership of the
watercourse

1 The responsibility for managing the safety
risks are often shared between:

- owner of the land
- manager of the land
- the individual.

1 Many waterway corridors exist within
privately owned land; however, the
ownership of | and z
typically rests with the State, even though

it may be managed by the local
government.

A focus on providing easy egress rather
than preventing access

1 There are three key aspects of safety
management:
- minimising safety risks
- the posting of warning signs
- controlling public access
- allowing easy egress from dangerous
waters/locations.

1 Designers should remember that there is
no type of fence or sign that will stop a
determined trespasser.

Safety issues associated with waterways
1 Safety risks are normally associated with:
- an unexpected slip or fall
- an unexpected change in velocity
- an unexpected change in depth
- an unexpected flow of water
- an unexpected encounter with wildlife.
1 The key to managing safety risks is to
remove the dunexpec

waterway experience through education
and signage.

© Catchments & Creeks
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12. Pathways and Watercourse
Crossings
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Introduction

Introduction

An important part of human access and
usage of a waterway is our access into,
along, and across the waterway.

Movement along a waterway corridor can
be on:

- pathways

- bikeways

- maintenance berms and fire trails.
Movement across a waterway can be on:
- elevated crossings (footbridge)

- stepping stones.

Types of vehicular crossings

Photo supplied B CA Ch?ﬁents

. reek;‘éPtyVLtd_
Bridge crossing (NSW)

1

1

Meeting room

The
6compromi seb

Public access across a waterway can also
occur at road crossings.

The types of road crossings include:
- bridges

- arch bridges

- culverts

- ford crossings

- causeways.

Preferred use of bridge and arch bridge

The use of bridge and arch crossings is
typically preferred in the following cases:

- major waterways

- crossing the habitat of a threatened fish
species

- named waterways with semi-
permanent to permanent water in
pools, or connected wetland areas

- waterways containing marine or
freshwater aquatic vegetation.

need for 6common

If you were to take every fish passage
requirement literally, and without
compromise, then we would never be able
to construct any crossing of a waterway.

We cannot walk away from the fact that
everything we do in and along a waterway
has the potential to interfere with fish
habitats and fish passage.

The key is to manage these impacts in a
way that does not limit the aquatic values
of a waterway.

© Catchments & Creeks

V1, April 2026

Page 21




Selecting the preferred type of crossing

Preferred type of crossings

Why do fish nee 3¢ 1 The following table was extracted from:
the road? ¢ - |

- Fairfull and Wihy doe r
fish need to cross the road? 1 Fish
Passage Requirements for Waterway
Cr o s s iINBW Bisheries, Cronulla.

91 Application of this table is not mandatory.

1 Designers need to refer to their local State

Fish Passage Requirements

for Waterway Crossings & ~ or Territory policies (refer to Part 2 of the
fieldguide:6 Fi sh Passage (
Desi)gnd

NSW Fisheries, 2003

Table 12.1 7 Preferred crossing type (Fairfull and Witheridge, 2003)

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

Major fish habitat Major permanently or intermittently flowing Bridge, arch

waterway (e.g. river or major creek), habitat of a structure or tunnel
Class 1 (NSW) threatened fish species.
Purple Zone (QIld)

Moderate fish Named permanent or intermittent stream, creek or Bridge, arch

habitat waterway with clearly defined bed and banks with structure, culvert [2]
semi-permanent to permanent waters in pools or in | or ford

ARz 2 () connected wetland areas.

Red Zone (Qld)

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

the area.
Minimal fish Named or unnamed waterway with intermittent flow | Culvert [3], or ford
habitat and potential refuge, breeding or feeding areas for

Class 3 (NSW) some aquatic fauna (e.g. fish, yabbies).

Semi-permanent pools form within the waterway or
Amber Zone (Qld) adjacent wetlands after a rain event. Otherwise, any
minor waterway that interconnects with wetlands or

recognised aquatic habitats.

Unlikely fish Named or unnamed waterway with intermittent flow | Culvert [4],
habitat following rain events only, little or no defined causeway or ford

drainage channel, little or no flow or free standing
e 2 et water or pools after rain events (e.g. dry gullies or
Green Zone (Qld) shallow floodplain depressions with no permanent
aquatic flora present).

[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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Arch structures

Gladesville Bridge, Sydney, NSW

) P e SN,

Arch bridge over ephemeral creek (Qld)

Introduction

1

An arch structure is often incorrectly
referred to as a O0c
should be treated as a bridge.

By definition, a culvert is an enclosed
conduit, meaning that it has a structural
based, even if the based is buried under a
layer of natural bed material.

The arch design is even used in large
bridge construction, such as the
Gladesville Bridge, Sydney.

Impact on aquatic life

1

Arch structures can benefit aquatic habitat
in the following ways:

- good sunlight conditions

- natural bed conditions

- good boundary layer flow conditions
- opportunities for resting areas

- shading of the water that helps control
water temperatures

- opportunity for ©bo
conditions under the arch.

Impact on terrestrial passage

1

Arch structures can benefit terrestrial
passage in the following ways:

- good sunlight conditions

- opportunity for an elevated dry pathway
to be formed adjacent the abutments

- opportunity for a natural dry pathway
located adjacent to a low-flow channel

- good visibility, making it harder for
predators.

Impact on waterway

1

Arch structures can affect a waterway in
the following ways:

- allow free movement of bed material

- allow the free formation, and
reformation, of pools and riffles

- allow minor lateral movement of the
low-flow channel

- not allow meandering of the main
channel

- not slow or stop the progression of
head-cut erosion.
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Bikeways

Combined pedestrian and bikeway (SA)

Combined pedestrian and bikeway (QId)

Limited line -of-sight at tunnel exit

Insufficient head room below the arch

Potential conflict of interest

1 I need to declare that | love bikeways.

1 Ilove using bikeways.

1 I'love being on a bikeway next to a creek.
However;

1 lalso love creeks.

1 I respect the need to protect wildlife from
unnecessary disturbances.

1 | believe that if an alternative route can be
found, then we should move the bikeway.

Potential impact of bikeways on wildlife

1 Bikes typically pass along a bikeway at
moderate speeds, which can startle
wildlife, especially reptiles that are using
the heat of the bikeway to warm their
bodies.

1 Bike bells can startle wildlife, especially
wildlife that are resting.

1 Safety concerns associated with bikeways
can result in a wider clearing of riparian
vegetation in comparison to pedestrian
pathways.

Bikeways passing under waterway
crossings

1 Itis an important safety requirement that
bikeway tunnels have a clear-site exit in
both directions.

1 This requirement is important to both the
cyclist and other users of the tunnel.

Bikeways passing under arch bridges

1 On arch bridges, it is important to ensure
that the arch does not limit headroom at
critical locations.
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