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Disclaimer

Significant effort has been taken to ensure that this document is representative of current best
practice waterway management; however, the author cannot and does not claim that the
document is without error, or that the recommendations presented within this document will not
be subject to future amendment.

To be effective, erosion repairs must be appropriately investigated, planned, and designed in a
manner appropriate for the site conditions. Each site is different, and the solutions to creek
erosion are also likely to vary from site to site. Erosion control is a complex subject that requires
significant training and experience to fully understand.

No warranty or guarantee, express, implied, or statutory is made as to the accuracy, reliability,
suitability, or results of the methods or recommendations.

Further to the above, the adoption of the recommendations and procedures presented within
this field guide will not guarantee:

(i) compliance with any statutory obligations
(i) permanent control of erosion issues
(i) avoidance of environmental harm or nuisance.

The author shall have no liability or responsibility to the user or any other person or entity with
respect to any liability, loss, or damage caused, or alleged to be caused, directly or indirectly, by
the adoption and use of any part of the document, including, but not limited to, any interruption
of service, loss of business or anticipatory profits, or consequential damages resulting from the
use of the document. Land owners should always seek independent professional advice on any
high-risk issues.
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Layout of this four-part field guide

Creek Erosion Field Guide i Part 1

Creek Erosion
..}leld Gulue

Creek Erosion Field Guide i Part 2

Creek Erosion Field Guide i Part 3

r,gé ni :
,?ﬂ

Creek Erosion Field Guide i Part 4

Part 17 Types of waterways and causes of
waterway erosion

1 Designing the appropriate treatment
measures for creek erosion depends on
knowing:

- the type of watercourse
- the type of erosion, and
- the likely causes of the erosion.
1 Part 1 discusses each of these issues, as

well as presenting an introduction to creek
engineering and fluid mechanics.

Part 27 Bed stabilisation

9 Prior to presenting detailed information on
bed stabilisation techniques, discussion is
presented on the following topics:

- fish-friendly waterways
- common properties of rock
- hydraulics of bed structures.

1 Information on the treatment of bed
erosion is then grouped into two chapters:
- fish-friendly options
- non fish-friendly options.

Part 37 Bank stabilisation

1 The treatment of bank erosion has been
grouped into:

- soft engineering options
- hard engineering options
- management of dispersive soils
- management of lateral bank erosion
- flow diversion techniques.
1 Part 3 ends with a discussion on how

vegetation can be incorporated into the
various bank stabilisation measures.

Part 47 Bank stabilisation

1 Part 4 starts with an overview of the
various recommendations presented in
Part 3 on the stabilisation of creek banks.

I The main focus of Part 4 is the
presentation of a pictorial guide to the
selection of bank stabilisation optionsd
starting with the lower gradient options,
and moving onto the steeper bank options.

1 A glossary of technical terms is presented
at the end of the document.
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Purpose of field guide
This field guide has been prepared for the purpose of:

1 providing guidance to landowners, community groups and waterway managers on the
treatment of bed and bank erosion within minor waterways (i.e. creeks)

1 providing engineers and scientists that are new to the waterway industry with educational
material on the investigation and design of treatment measures for creek erosion

1 presenting information that focuses on the management of erosion issues within creeks
rather than within rivers, while also providing general discussion on the differences between
the behaviour of creeks and rivers.

What makes this document a o0field gui dedets
utilises 1080 photos and 400 diagrams), and that it does not provide comprehensive design
information. The focus of this document is on education, rather than design details. Other
publications, such as those presented at the beginning of this document, already provide useful
information on the design of erosion control measures.

The photos presented within this document are intended to represent the current topic being
discussed. These photos have been selected for the purpose of depicting either a preferred or
discouraged outcome (as the case may be). In some cases the photos may not represent
current best practice, but are simply the best photos available to the author at the time of
publication, and yes, in some cases the photos show plants that are classified as weeds.

The caption and/or associated discussion should not imply that the actual site shown within the
photograph is representative of either good or bad waterway practice. The financial and political
circumstances, site conditions, and history are not known in each case, and may be very
different from the issues currently being discussed. This means that there may be a completely
valid reason why the designer chose the particular treatment option shown within the photo.

About the author

Grant Witheridge is a civil engineer with both Bachelor and Masters degrees from the University
of NSW (UNSW). He has 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.

Grant is the principal author of more than 40 engineering publications covering the topics of
creek engineering, fish passage, stormwater management, and erosion and sediment control.

Introduction

It is my experience that many of the professionals that deal with creek erosion issues on a
regular basis have a tendency to focus on the use of just one or two treatment options
throughout their career. Once people become familiar with one particular technique, often the
first technique they use on a creek erosion job, they then tend to focus on the use of that
particular technique for most of their career.

Ideally, the choice of bank stabilisation technique should be based on a wide range of factors,
and the treatment should be based on what is best of the site, rather than what technique the
designer is most familiar with (or the product the designer/distributor happens to sell).

Part 4 of this field guide has been produced to help introduce creek engineers to a wider range
of treatment options, and to allow these professionals to better discuss with the landowner/client
the full range of treatment options.

When dealing with creek erosion, there are different issues that should rise to the top of your
concern compared to those issues you may need to focus on when dealing with river or gully
erosion. The following tables examine these issues and differences.

© Catchments & Creeks Pty Ltd April 2021 Page 7
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Table 171 Relative importance of key issues

Issues

Gully erosion

Creek erosion

River erosion

Water (hydrology) ™"

Though always
important, its relative
importance for a gully
is often (but not
always) less than for
a creek or river.

Flow conditions (i.e.
velocity & turbulence)
are more complex
than in rivers.

A greater change in
flow conditions can
be expected from
changing catchment
conditions as
compared to rivers.

Water flow in rivers
usually dominates
over vegetation, soil
and rock placement.

Changes in the
catchment are
unlikely to
significantly alter the
impact of major
floods.

Vegetation 4

In the short-term,
vegetation usually
plays a minor role in
gully repair.

The importance of
vegetation increases
with time, and it is
usually critical for
long-term stability.

Vegetation plays a
critical role in creeks.

Creek stability is
usually directly
related to the type of
vegetation cover.

Vegetation usually
plays a lesser role in
arid and semi-arid
creeks.

Vegetation is
important for bank
stability between
flood events.

Significant vegetation
damage is expected
during floods.

Vegetation plays an
important aesthetic
and ecological role.

[3]

Soil stability The management of Soil conditions Soil conditions play
unstable (dispersive) | influence the choice an important role in
soils is critical for both | and design of most bank stability and the
short and long-term bank treatment risk of post-flood bank
stability. options. slumping.

Rock ! Rock is just one of Rock stabilisation can | Vegetated rock can

several different types
of gully stabilisation
measures.

The stability of rock
work depends on the
stability of the
underlying soil.

integrate well with
most revegetation
options.

The use of non-
vegetated rock should
be discouraged.

help to stabilise river
banks between flood
events.

Rock cannot be
placed directly on an
unstable (dispersive
or slaking) soil.

g]ediment movement

Some bed
stabilisation options
can capture and
retain migrating bed
sediment.

The make-up of the
creek bed (e.g. clay,
sand, gravel) plays an
important role in the
choice of bed
stabilisation options.

The movement of bed
sediments can
strongly influence the
depth and width of
river channels.

Fish passage©

Rarely important in
the treatment of gully
erosion.

Can have a strong
influence on the
choice of both bed
and bank stabilisation
options.

Influences the choice
of bank vegetation.

Can play a critical
role in the design of
bed stabilisation.

Catchment !

The stabilisation of
gully erosion is
critically linked to the
management of the

Creek hydrology can
be significantly
altered by changes in
catchment conditions,

The catchment area
of most river systems
is generally so large
that no one activity

drainage catchment, including can significantly
including the use of deforestation, change the flood
flow diversion urbanisation, and fire | hydrology, with the
systems, and stock management. exception of major
management. dams and lake/
wetland systems.
© Catchments & Creeks Pty Ltd April 2021 Page 8




Notes linked to Table 1:

[1] Water issues combine catchment hydrology with channel hydraulics. For creeks and rivers,
the critical discharge is typically the bankfull discharge. For gullies, the critical discharge is
up to the discretion of the landowner or designeré t he ter m dbankf ul | di scharg
meaningless. Channel hydraulics focuses on the average channel velocity, and the
variation in flow velocity near structures and around channel bends.

[2] Vegetation issues relate to the choice of plant species, their location, density and health,
and to the type of root system (e.g. surface roots, tap roots, fibrous roots). The ratio of
natives-to-weeds, and the distribution of ground covers, mid-storey and upper storey plants
can also impact soil, bank and channel stability. In arid and semi-arid regions, vegetation
cover becomes less important because of its low density.

[8] Soil stability focuses on the relative stdbility
Dispersive and slaking soils are unstable when wet. Cracking clays can cause bank
instabilities if allowed to dry excessively, particularly if poorly vegetated.

[4] Rock issues focus on the use of loose rock, whether imported or obtained from the
channel. If solid bed or bank rock exists, then this usually dominates over most issues. The
short-term stability of loose rock usually depends on the diameter of the rock. The long-
term stability of rock-lined surfaces usually depends on how well vegetation is integrated
into the rock work.

[5] Bed sediment refers to the type and movement of natural bed sediments, not unnatural
sediments washed from poorly-managed land. The make-up of the bed sediment is usually
categorised as: clay, sand or gravel. TheJterm 0g
and boulders. The O6typeé and o6volumed of Hhis mig
influence over the choice of bed stabilisation measures.

[6] Fish passage becomes an important issue because it can influence the choice and design
of bed stabilisation measures in creeks and rivers. Fish passage considerations can also
influence the design of bank and overbank vegetation. Fish passage is rarely an issue in
the management of gully erosion; however, exceptions do exist.

[7] Catchment management issues include; deforestation, fire management, farm dams, stock
management, use and design of fencing, use and design of flow diversion systems (i.e.
directing water into or away from a gully), and the management of riparian zones.

Table 21 Top five issues (general observation only)

Gully erosion Creek erosion River erosion
1. Soil conditions (soil 1. Vegetation management 1. Flow hydraulics, including
science) (except in arid regions) catchment hydrology
2. Catchment management | 2. Catchment hydrology, 2. Movement of bed
(topography & hydrology) including flow hydraulics sediment
3. Catchment management | 3. Soil conditions 3. Sail conditions
(animal management) . Use of rock 4. Vegetation management
4. Vegetation management | 5 figh passage 5. Use of rock
5. Use of rock

Table 371 Likely best source of professional advice (general observation only)

Gully erosion Creek erosion River erosion
1. Soil scientist 1. Creek engineer 1. River morphologist
2. Soil conservation officer 2. Waterway or bush 2. Flood or waterway
3. Land management officer rehabilitation officer engineer
4. Hydraulic engineer 3. River morphologist 3. Water_vyay_ or bu_sh
5 Soil scientist rehabilitation officer

Waterway or bush

rehabilitation officer 5. Fisheries officer 4. Fisheries officer

5. Soll scientist
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Planning your response to creek erosion (from Part 2, Chapter 8)

16 steps to planning and design
Step 11 Action or no action

1 Investigate if the creek erosion actually
needs to be repaired.

Step 21 Ownership

1  Which entity owns the land on which the
erosion is occurring.

Step 371 Interested parties

1 How many organisations are likely to want
to have a say in what you plan to do.

Step 41 Data collection

T Dondét wast e mngaatethat c o
you wondét need.

Step 51 Type and cause of erosion

1 What form of erosion exists, and what was
the likely cause of the erosion.

Step 6 1 Channel stability

1 Is the channel so unstable that any repairs
will likely fail in the short-term.

Step 71 Setting priorities

1 What are you trying to achieve, and who
are you trying to make happy.

Step 81 Assess material options

1 Are there any preferred materials, or
materials of limited availability.

Step 91 Assess equipment options

1 Assess equipment availability and access
to the site.

Step 10 7 Develop treatment options

1 Is there more than one option for the
treatment of the erosion.

Step 117 Impacts on fauna and flora

1 Think about the needs of the creek.
Step 127 Choose the best treatment option
1 Look for the best overall outcome.

Step 131 Detailed design of the preferred
treatment option

1 Prepare a detailed design of the preferred
option for costing and construction.

Step 14 1 Cost estimation

1 Prepare a detailed cost estimation of the
preferred treatment option.

Step 1571 Recontact interested parties

1T Dondt be a party of
what you are planning to do.

Step 16 T Obtain approvals and permits

1 Get all necessary approvals for your

) - - proposed works.
Standing tall against bank erosion (Qld)
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20. Overview of Bank
Stabilisation Recommendations
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Introduction
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Introduction
9 Critical design issues include:
- stabilisation of the toe of the bank

- bank gradients (note; the slope of the
lower bank may be different from the
upper bank)

- whether or not to incorporate benching
into the bank repair

- the extent of revegetation, including the
width of the riparian zone

- selection of plant species and plant
location.

Matching bank repairs to existing
conditions

1 The treatment of any bank erosion should
pay appropriate attention to the bank
conditions immediately upstream and
downstream of the bank failure.

1 Critical issues include bank height and
bank slope (gradient).

1 In many cases, the existing bank slope will
be steeper than the ideal bank slope
suggested for a particular bank repair
option.

Differences between the inside and outside
of channel bends

1  Scour forces are usually much higher on
the outside of a channel bend, which

increases the need for scour protection.

S Outside of g

\l channel T Also, floodwaters of
=t bend ofbend |J___ around a sharp bend, which can cause the
arocion Sedlingnt formation of an asymmetric cross-section.

fi d iti . . .
s(::::ear bﬁﬁﬁ:‘;’”‘ 1 Typically the slope of the outside bank is

bank sand bank much steeper than the inside bank on the
same bend, and this condition should
remain after the bank has been repaired.

A "‘

Typical bank conditions at bends
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Stabilisation of the toe (refer to Part 3, Section 14.8)

o <

™37

B The need for toe protection

1 Creek banks are often divided into three
zones: upper bank, lower bank and toe.

1 Scour controls placed along the toe of the
bank can be different from those used
across the rest of the bank.

1 Toe erosion is common along creeks
because it can result from just minor
increases in stream flow.

1 Even though the initial erosion is often
minor, it can slowly undermine the rest of
the bank.

d by Catchments 8.Cre td

Toe erosion (Qld)

Use of geo logs

1 Geo logs have a diameter of around
300 mm and can be manufactured from:

- jute (made from tropical Asian plants),
which have a useable life of a few
months, or

- coir (made from coconut fibre), which is
more durable, making it better suited for
in-bank use.

1 Geo logs need to be well-integrated into

: 2= the bank and toe vegetation.
Photasuppliediby Caichients & | ré?ks‘#

Geo log toe protection (Qld)

Use of rock

1 On creek banks that are fully vegetated,
rock is often placed along the toe of the
bank, especially on the outside of bends.

1 Design issues:
- typically 300 to 450 mm diameter rock

- placed to a height of 0.5 to 1.0 m above
normal water level

- the depth below normal bed level
depends on bed stability issues

. - ideally fully vegetated to provide
) shading of the water.

Rock toe protection (Qld

Use of brushwood

1 Brushwood is a temporary toe protection
system that is likely to survive a sufficient
amount of time to allow the establishment
of newly planted bank vegetation.

1 The loose or tied brushwood is normally
retained behind timber posts, which can
be enhanced to act like a minor pile field.

1 Brushwood banking is typically placed
along the outside of channel bends to a
height of around 1 metre.

Brushwood toe protection (QId)
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Bank gradients

Vegetated banks

Not to scale
1 Recommended maximum gradients:

- 1in 2 (V:H) on the outside of channel
bends; however, such slopes can be
difficult for workers to vegetate,

Riparian zone especially on bank higher than 3 metres

measured
from the top
of bank

Inside face of
channel bend

- 1in 3 on the inside of channel bends.

1 If safety issues are expected due to the
height or steepness of the bank, then

v consider adding a 1.5 m wide safety berm,

4[Dep!h of toe stabilisation depends on local conditions or 45 m W|de ma|ntenance berm

Fully vegetated creek bank

Rock stabilisation

1 Recommended maximum gradients:
- 1in 0.5 for stacked boulders

- 1lin 1 for vegetated, individually placed
rock; however, such slopes can be
difficult, if not unsafe, for workers to
plant

- 1in 2 for dumped rock on the outside of

.." channel bends
o stk sicke - 1in 3 for dumped rock on the inside of
1

channel bends.

Upper bank slope

Vegetated dumped rock
Gabion walls

1 Gabion retaining walls can be built
vertically, but this is generally not
recommended on creek banks.

1 The unstable nature of the creek bed and
banks means that some slight movement
(rotation) of the gabion wall is possible
over time; therefore, gabion walls are

Extending the riparian zone to

0 e normally constructed with a slight tilt away
bank may not be applicable from the Channel.

given the structural stability of
the gabion wall

1 A bank gradient of around 1 in 0.5 is
Depth of toe stabilisation depends on local conditions recommended for vegetated gabion walls.

Vegetated gabion wall

Not to scale S a g Hard engineering retaining walls
ADE0e, > - 1 In-situ concrete walls can be built
' vertically.
/, 4 ‘ : " - 1 Modular retaining walls can also be built
// : vertically; however, the unstable nature of
-z the creek bed and banks means that some
Eagthitenioingimeshiy /,';;. ) slight movement (rotation) of the wall is
_ =" Extending the riparian zone to possible over time; therefore, modular
----- e radiont fomihe g of the. walls are normally constructed with a
// st el slight tilt away from the channel.
g e rEtRining wsll 9 A 6steppedd wall can
—TDepth of toe stabilisation depends on local conditions access, Wh|Ch may or may not be

. desirable depending on site conditions.
Modular retaining wall P 9
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Use of benching (refer to Part 3, Section 14.2)

Not to scale <5 Benefits of benching

1

f

f
f

p2
Maintenance berm (QId)

Benching a creek bank can provide
several benefits, including:

- increased bank stability (especially if
there is the risk of bank slumping)

- improved access during bank repairs
and weeding

- improved safety for revegetation
personnel

- permanent access for maintenance
equipment.

Pedestrian safety berms

Recommended minimum width of 1.5 m.

Pedestrian tracks that run parallel with the
creek should incorporate some type of
zigzag alignment that prevents floodwater
from picking up excessive flow velocity
along these tracks (
become a high-velocity floodway).

These tracks should also be designed to
shed local stormwater runoff from the
track at regular intervals in order to
prevent soil scour.

Equipment access benching

These are usually temporary berms used
during the construction phase for the
purpose of allowing equipment access.

If retained as a permanent feature, these
benches can eventually be vegetated, or
retained as maintenance berms.

The minimum width is usually based on
the width of the tracked vehicle that is
required to use the access bench, which is
likely to be between 3.0 and 3.6 metres
(refer to examples in Section 22).

Maintenance berms

Recommended minimum width of 4.5 m.

Maintenance berms allow equipment
access along the creek in situations where
the top of bank:

- contains critical riparian vegetation,
such as mature habitat trees, or

- the top of bank is privately owned land.
Maintenance berms can also be used

during the removal of flood debris from
creeks.
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Bank and riparian vegetatlon (refer to Part 3, Chapter 19)
‘ #¢ The importance of riparian vegetation

1 Riparian vegetation is the vegetation that
occurs from normal water level to the edge
of the floodplain, and which has a direct
association with the watercourse.

1 This association can include:
- erosion control

- providing hydraulic roughness that
reduces flow velocities
- providing fauna habitat, shelter & food

- providing flow conditions suitable for
fish passage during flood events.

Living with an 6accept
damage6 to riparian ve
1 In engineering terms, any form of

6 d a ma gerrdallyi censidered an
indication of a design failure.

1 However, creek engineering cannot judge
its outcomes using such terms.

1 The occurrence of vegetation damage
during a flood event is not in itself an
indication of a design failure; instead, the
real measure is based on the long-term
success (survival) of the vegetation.

Integrating vegetation into bank
stabilisation measures

1 Integrating vegetation into bank
stabilisation measures provides the
following benefits:

- increased stability of the rock (if used)
- improved ecological benefits

- improved aesthetics

- increased shading of the water

- increased interaction between aquatic
and terrestrial fauna.

Integrating vegetation into hard
engineering options

1 Hard engineering repair measures should
be limited to the minimum area necessary,
and wherever practical, should be fully
vegetated.

1 Actively planting these surfaces with
native vegetation helps to reduce weed
invasion, and therefore maintenance
costs, as well as all the benefits listed
above.

Vegetated gabion wall (Qld)
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Bank and riparian vegetatlon (refer to Part 3, Chapter 19)

Ground covers can be used
to filter any stormwater that
enters the watercourse from

the floodplains as sheet flow.

Deep-rooted trees provide
fauna habitat, channel
shading, and anchorage of
the upper bank soil.

The higher and/or steeper
the channel banks, the
greater the importance for
these deep-rooted trees for
bank stability.

On high, steep banks, the
root systems of trees and
shrubs should cross-link to
reduce the risk of bank
slumping (i.e. avoid large

W77 '/’>

Typically, the
density of shrubs
and medium-sized trees
increases towards the upper
bank.

These plants help to anchor
steep banks while also
providing fauna habitat.

Woody plants in this region
typically have flexible
branches that can bend
without fracturing during
flood events.

A few tall, high-branch trees
can exist in this region to
increase shading of the

This area is

Planting density (general guide)

1 An appropriate balance between ground
cover, mid-storey and canopy plants is:

- 50% ground cover species

- 30% middle storey species

- 20% upper storey (canopy) species.
1 Planting density (spacing) in non-flood

control areas could be:

- 0.5to 1 m for ground covers

- 2to 4 m for mid-storey plants

- 4 to 5 m for upper storey plants.

the wa
t he

anting along

T The shading
the following benefits:

- control of water temperature (especially
in tropical regions)

- sheltering aquatic life from predators

- controlling the boundary layer and local
stream velocity adjacent to the bank

- providing a food source for aquatic
fauna

of

- improving fish passage conditions
during flood events.

= Toe of bank

Vegetation along the toe of
the bank may reflect the
same plant species found
on the bed or lower bank
depending on:

(i) the type of waterway
(ii) the location of the
low-flow channel relative to
the toe of the main channel
bank.

These plants can be critical
to bank stability as well as
aquatic fauna and overall
fauna habitat.

N NNV Vg

This region typically contains
flexible, non-woody plants
that provide shading, habitat,
shelter, and a food source
within and along the water’s
edge.

often dominated by
non-woody plants and
some small to medium
shrubs with highly-flexible
branches.

Only a few tree species can
survive for long periods in
this region. Typically these
trees have root systems that
can survive after being
exposed to direct sunlight by
possible ongoing bank

During floods these plants
should be able to fold flat
against the channel bed, and
survive long periods fully

t
W

isolated trees on the edge of | Watercourse. erosion. submerged.
steep, unstable banks).
Overbank Upper bank Lower bank Stream bed / water’s edge

Desirable characteristics of riparian vegetation

© Catchments & Creeks Pty Ltd

April 2021

Page 17




Minimum desirable width of riparian zones (refer to Part 3, Section 14.6)

Minimum width of riparian zone
1 The suggested minimum width is 5 m.

1 However, specifying a minimum width can
become problematic if it results in only this
minimum width ever being provided.

1 In order to filter pollutants from stormwater
inflows (sheet flow runoff) the minimum
width of the combined riparian zone and
grassed floodway is the greater of:

- 15 m (minimum)

- 5 times the land slope (i.e. 25 m width
for a 5% land slope).

Photo supt chments & Ciésks N
Riparian zone and grassed floodway (Qld)

Minimum riparian width based on bank
stability recommendations

1 The minimum width of the riparian zone
depends on numerous local factors,
including bank stability requirements.

7 Minimum extent of
. riparian zone

9 Itis suggested that the riparian zone
should extend at least three (3) times the
bank height from the toe of the bank.

1 Alternatively, some guidelines recommend
a minimum riparian width (measured from
the top of bank) equal to the height of the
bank.

Minimum width based on bank stability

Waterway catchment Width based on waterway classification

i Some guidelines nominate a minimum
riparian width based on the stream order
(1:25,000 mapping), for example:

- 1storder streams =5 m (Vic, 2008), or
10 m (NSW, 2012)

- 2nd order streams = 10 m (Qld, 2001),
or 20 m (NSW, 2012)

- 3rd order streams =15 m (Vic, 2008),
or 30 m (NSW 2012)

- 4th order streams = 15 m (Vic, 2008),
or 40 m (NSW 2012).

Additional allowance based on the time
required to establish new vegetation

1 If the land near the top of the bank is
largely absent of riparian vegetation, and
new plantings are being proposed, then
the minimum width of the riparian zone
should take account of the expected
movement (erosion) of the creek bank
during the establishment period of this
new vegetation.

1 Depending on the local growing
conditions, this establishment period may
vary from 10 to 25 years.

Bank revegetation (QId)
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Treatment of dispersive and slaking soils (refer to Part 3, Chapter 16)

VT i Dispersive soils

1 Dispersive soils are structurally unstable
when immersed in water, breaking down
into their constituent particles (sand, silt
and clay).

1 Once exposed by bank erosion, these
subsoils must be buried under a minimum
300 mm layer of non-dispersive soll
(imported or treated) before placing any
vegetation, rock, or other cover material.

1 A 100 mm thick cover is often specified
away from waterways, but is considered
insufficient for creek rehabilitation.

tdgy Slaking soils

T 6Sl akingd is the nat
aggregate in water when its mechanical
strength is insufficient to withstand the
swelling of clay, and the expulsion of air
from pore spaces.

1 Slaking soils lack the dispersive clay
content of a dispersive soil, so creek flows
may not become highly turbid in a slaking
soil area.

1 Slaking soils are usually very sandy, and
often associated with granite country.

- -SIaAk>ing‘soiI gully erosion (Qld)

Not to scale

non-dispersive soil
(imported, or in-situ soil
treated with gypsum)

Example of rock stabilisation over a dispersive subsoil
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21. A Guide to the Selection of
Bank Stabilisation Options
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Bank stabilisation options based on the type of erosion
Bank scour

1  The primary cause of bank scour is
excessive flow velocities, which means the
preferred treatments are usually:

- vegetated rock, or

- battering of the bank followed by
revegetation with appropriate species.

1 Alternative treatment options include:

- flow diversion techniques (to direct
velocities away from the bank)

- vegetated gabions and mattresses.

Bank slumping

1 The primary cause of bank slumping is
usually inappropriate vegetation cover,
which means the preferred treatments are:

- benching and revegetation
- battering and revegetation
- riparian management.

91 Alternative treatment options include:
- vegetated rock
- vegetated gabions and mattresses.

Bank undercutting

1 The primary cause of bank undercutting is
excessive flow velocities around the lower
levels of the bank, which means the
preferred treatments are:

- vegetated rock
- benching and toe protection.

1 Alternative treatment options include:
- flow diversion techniques
- vegetated gabions and mattresses.

Soil dispersion and fluting

: ‘ﬂ 1 If dispersive or slaking subsoils become
T exposed to stream flows, then the
preferred bank treatments are:

- battering, covering the bank with non-
dispersive soil, then revegetation

- as above plus vegetated rock
- benching and toe protection.
1 Alternative treatment options include:
- riparian management
- vegetated gabions and mattresses.

Gully erosion within a dispersive soil (Qld)
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Bank stabilisation options based on bank slope and flow velocity

Design issues associated with bank slope

1 The decision tree presented below
provides a simplified procedure for the
short listing of bank stabilisation options
based on various site conditions.

Upper bank slope

1 Inthis case, bank slope usually refers to
the slope of the lower portion of the bank.

1 The maximum slope of rock depends on
its method of placement:

Lower bank slope - 1in2 slope for dumped rock
- 1in 1 slope for individually placed rock

- near-vertical for stacked boulders.
Bank slope

Design issues associated with flow
velocity

Outside of bend: V =1.33 V,,g 1 The average velocity refers to the average

channel velocity (not the local velocity).

Uniform, . . o
grass 1 The nominated maximum flow velocity is

chiannel just a guide (i.e. not absolute), and will
{ vary with the size of the waterway, and

Rough, irregular,
vegetated bank:
V =0.67V,,

whether the bank is located on the inside
or outside of a channel bend.

1 The treatment options recommended for a

Scour control

Avorage fiow under a bridge: specific stream velocity can also be used
velocity =V, Viz 13 Ve for lower velocities (for the same bank
Velocity multipliers for channel bends slope).
Bank Average Type of Treatment options
slope velocity erosion
: 1,2,3,4,5,9,10,
1in4 2m/s All 11,1213, 14
3m/s — — 19 (plus all below)
Bank scour
1in3 |A |—4mis —  and |— 6,15,18,20, 21,22
Undercutting
— 5 m/s — — 23, 24, 25
(in some cases)

1in2 +

—— 2 m/s — Bank slumping — 8 (plus all below)

— 4m/s All 7,26,27,28
1in1 +-+

e 29, 30, 31, 32, 33,

All 34, 35, 36
Vertical 5 m/s 37

Simplified decision tree for the selection of bank stabilisation options
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Option 1. Battering, full vegetation, toe stabilisation, on inside of bend

AV i @ Description

1 Bank stabilisation involves bank
reshaping, possibly at a lower gradient:

- either importing fill to replace soil
previously washed away, or

- requiring only the use of the existing
soil.

1 Finally the bank is revegetated, most likely
with the aid of temporary erosion control
blankets, mulch, and geo logs.

1 Also refer to options 5 to 11.

Design issues

1 On the inside of channel bends, bank
slopes are usually flatter than along the
outside of the same bend (but not always).

i Bankslopesoflin3tolin6 (V:H)can
be expected, which allows for safe
working conditions during planting
operations.

1 Additional toe protection may or may not
be required along the inside of channel
bends, but is usually recommended (refer
to Part 3, Section 14.8).

7

th toe protection (Qld) 7

Inside bank wi

Not to scale

Inside face of
channel bend

Riparian zone
measured
from the top
of bank

Option 1: Full vegetation on alow-gradient bank, on the inside of a channel bend

© Catchments & Creeks Pty Ltd April 2021 Page 23



Option 2. Battering, full vegetation, toe stabilisation, on outside of bend

’ Lan "
WiTs o

& 4 Description
1 E*y 1 Bank stabilisation involves battering the
outside of a channel bend:

- possibly using imported fill to replace
soil already washed away, or

- requiring only the use of the existing
soil.

1 Finally the bank is fully vegetated, most
likely with the aid of temporary erosion
control blankets, mulch, and geo logs.

1 Also refer to options 5 to 11.

Design issues

1 Bank slopes on the outside of bends are
generally steep, possibly 1in1.5to 1in 2.

1 Safety risks can exist for people working
on banks taller than 2 metres if the bank
slope is steeper than 1 in 2 (V:H).

1 Benching the bank can reduce these
safety risks.

1 Some type of toe protection is normally
required on the outside of bends, usually
involving rock to a height of 1 metre, or
higher, depending on the flow velocity.

PhotafSupBiied by Catchments & Creeks Py 1d

Bank revegetation with toe rock (Qld)

Not to scale

Outside face of
channel bend

Minimum
extent of
riparian zone
based on
bank stability
requirements
(other issues
may govern)

Depth of toe stabilisation depends on local conditions

Option 2: Full vegetation on a medium-gradient bank, on the outside of a channel bend
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Option 3. Battered bank with bench and toe stabilisation

Lozie i Description

1 Bank stabilisation involves reshaping the
bank to introduce either:

- asafety berm to improve safety and
provide maintenance access

- atemporary vehicle access berm to aid
construction access

- a maintenance berm to provide access
for maintenance vehicles.

1 Benching the bank improves safety
conditions and bank stability.

Design issues

1 Width of a bench/berm is typically:
- 1.5 m for safety berms
- 3.0to 3.5 m for construction access
- 4.5 m for maintenance berms

1 These maintenance berms can also be
used as public access pathways, and
possibly as bikeways.

1 Benching can occur on both sides of
channel bends; however, on the outside of
bends, vegetation should not consist

Benching of ariver bank (Qld) solely of soft grasses.

Photo supplied by Catchments & Creeks Pty Ltd

Not to scale

berm

Depth of toe stabilisation depends on local conditions

Option 3: Full vegetation with bench and toe stabilisation
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Option 4. Battered bank with revegetation and geo log toe protection

RS ™

o Description

1 Temporary scour control is provided to the
toe of a creek bank through the use of geo
logs anchored (staked) in good contact
with the bank.

1 This is not a permanent scour control
measure, but instead a component of
bank revegetation.

Operational issues

1 Geo logs should be appropriately
integrated with toe vegetation so that as
they decay, the creek bank remains stable
(i.e. vegetation replaces the geo logs).

1 The spacing of the anchoring stakes is
normally around 1 metre, but should not
exceed 1.5 metres.

Option 4: Full bank revegetation with temporary geo log toe protection

© Catchments & Creeks Pty Ltd April 2021 Page 26




