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Disclaimer

Significant effort has been taken to ensure that this document is representative of current best
practice gully stabilisation practices; 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.

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

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.

To be effective, gully stabilisation planning and design must give appropriate consideration to
the site conditions, and the knowledge gained from past work activities in similar conditions.

Adoption of the recommendations and design procedures presented within this field guide will
not guarantee:

(i) compliance with any statutory obligations (always seek local advice)

(i) compliance with specific water quality objectives

(i) a stable long-term outcome within the gully or wider catchment.
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In memory of:
Bruce William CAREY

If I ever had a kindred spirit in the world of gully erosion, it was my friend of many years, Bruce
Careyd even though he once filled our diesel 4-wheel drive with regular petrol. Bruce was a
people person who enjoyed the company of rural people as much as he liked the land they
stood upon. To our great loss, Bruce was taken from us far too early on the 10" July 2015.
Bruce began his career as a soil conservation extension officer for the Queensland Department
of Primary Industries in 1971, then continued to work in the field of soil conservation until his
retirement in 2012.

I could not have completed this field guide without the photos supplied by Bruce.

1’ B f (‘l

Bruce Carey taking a photograph of another
soil feature in Beaudesert, Qld
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Purpose of this field guide

This field guide has been prepared specifically to:
1 educate readers on the management of gully erosion

1 introduce readers to the different types of gully erosion that can occur in different locations
of a farm, and different regions of Australia

1 discuss how the treatment of gully erosion can vary according to its location.

This field guide has been prepared based on the assumption that regular users of the document
will jump from section to section extracting the specific information they need. Readers that
attempt to read the document from cover to cover should expect to find some repetition of key
issues.

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 some cases the photos may 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
photograph represents either good or bad land management practice. The circumstances, site
conditions and history of each site are not known, and may not be directly relevant to the current
discussion. This means that there may be a completely valid site-specific reason why the
designer chose the gully treatment depicted 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 some 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, local government and private organisations.

He commenced his career at the UNSW Water Research Laboratory 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 and
Creeks Pty Ltd.

Introduction

There are four key elements associated with the management of gully erosion, those being: sail,
water, vegetation, and land management practices. This means an effective design team is
likely to integrate advice from at least four specialists; a soil scientist, a water engineer, a
revegetation consultant, and a land management practitioner.

T Critical to the understanding of the erosi
and the revegetation of the gully, is an understanding of the soil sciences.

9 Critical to the design of various gully stabilisation measures is an understanding of the
principles of water engineering.

9 Critical to the development of successful long-term outcomes is an understanding of gully
revegetation techniques.

In creek erosion, the smaller the waterway, the greater the influence vegetation is likely to have
on the stability of the waterway; however, as the waterway increases in size, water flow begins
to dominate over the bed and bank vegetation. In gully erosion it is usually the soil properties
that dominate over all other factors. Successful long-term outcomes can only be achieved
through the appropriate management of the soil properties.

The topics of gully erosion, creek erosion and river erosion are discussed separately in various
Catchments and Creeks Pty Ltd field guides. Even though these three topics share many
common features and treatment techniques, there are also many differences. The differences

on

proce

are not in the 6scienceb6 of waterway managergent, buf

When dealing with gully erosion, there are different issues that should become the primary
concern of the designer compared to those issues that the designer would focus on when
dealing with creek erosion. The following tables examine these key issues.
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Table 11 Relative importance of key issues

Issues

Gully erosion

Creek erosion

River erosion

Water engineering
(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)
can be more complex
than in rivers.

Urbanisation is likely
to cause a greater
change in flow
conditions within a
creek compared to a
river.

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 flows.

Vegetation

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 often
directly related to the
type of vegetation
cover.

However, vegetation
plays a lesser role in
arid and semi-arid
regions.

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 (i.e. slaking
or dispersive) soil.

g]ediment movement

Some bed
stabilisation options
can capture and
retain sediment
passing down the

gully.

The make-up of the
creek bed (e.g. clay,
sand, or 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 rivers 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, lake and
wetland systems.
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Notes linked to Table 1

[1]

2]

[3]

[4]

[6]

[7]

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
usually up to the discretion of the designerd t he t erm 6bankfull di
meaningless. Hydraulic desaivgmaigedgemhamnall

chargebd
viel ok é d
st

6l ocal 6 flow velocity may be considered arfound

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 channel stability. In arid and semi-arid regions, vegetation usually
becomes less important because of its reduced density.

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

Rock issues focus on the use of loose rock, whether imported or obtained from the
channel. If rock outcrops exist, then these usually dominate over most issues. The short-
term stability of loose rock usually depends on the diameter of the rock. The long-term
stability of loose-rock surfaces usually depends on how well vegetation is integrated into
the rock work.

Bed sediment refers to the type and movement of natural bed sediments, not sediments
washed from poorly-managed land. The make-up of the bed sediment is usually
categorised as: clay, sand or gravel. I n
cobbles and boulders. The O6typed and o6vol
strong influence over the choice of bed stabilisation measures.

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.

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

Table 271 Top five issues (general observation only)

dbi ity

#fhis con

dmed of

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. Soil conditions
(animal management) 4. Use of rock 4. Vegetation management
4. Vegetation management | 5 fish passage 5. Use of rock
5. Use of rock

Table 31 The likely best source of professional advice (general observation only)

LIl A

Gully erosion Creek erosion River erosion
Soil scientist 1. Creek engineer 1. River morphologist
Soil conservation officer 2. Waterway or bush 2. Flood or waterway

rehabilitation officer engineer

Land management officer
3. River morphologist 3. Waterway or bush

Hydraulic engineer
y 9 rehabilitation officer

Waterway or bush 4. Soil scientist

rehabilitation officer 5. Fisheries officer Fisheries officer

5. Solil scientist
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Layout of this field guide

, R . Part 1: An introduction to gully erosion
Gully Erosion f  This field guide is presented in three parts:

,-Iiem Guide - Part 1: discusses the erosion process
A erngscin i Sxo Pl and treatment options

- Part 2: presents design information on
gully head and gully bed stabilisation.

- Part 3: presents design information on
gully bank stabilisation.

1 Chapter 1 focuses on the mechanics of
gully erosion, while Chapter 2 focuses on
the causes of gully erosion.

Planning and design issues

1 Chapter 3 provides guidance on treatment
selection, and some common hydraulic
and erosion issues associated with the
stabilisation of gullies.

1 Chapter 4 provides discussion on the
management of dispersive soils, which is
a soil property commonly associated with
gully erosion.

1 Chapter 5 provides discussion on the
management of flow diversion systems
that can be used to divert surface flows
away from active gullies.

Gully stabilisation options

1 Chapters 3 & 6 both provide guidance on
how to manage gully erosion and the
selection of treatment techniques.

1 Readers can choose the design approach
which best suits their needs.

1 Chapter 3 focuses on different levels of
treatment from the cheapest to the most

expensive.
v T 1 Chapter 6 focuses on the treatment
gy, : el ;;’.?5'» : options based on the location of the gully.
Concrete gully-head chute (NSW)

Parts 2 and 3 of field guide

Gully £roSion | Gully Erosion 1 Part 2 of this field guide presents detailed

i : T g information on the design of the various
Field Guide Field Guide treatment options associated with:

Par17- Gty Newd med Bany Pegt | P paeh Duatehsiy
Vansnn Tedmre | zagena Prachees

- gully head stabilisation
- gully floor stabilisation.

1 Part 3 presents design information on:
- gully bank stabilisation techniques
- general gully revegetation

- land management practices that
minimise the risk of gully erosion.

Gully Erosion Field Guide i Parts 2 & 3
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Introduction to gully erosion

What is a gully?

1 Agullyis an open, incised channel that
has a depth greater than 30 cm.

1 Gullies are described as 6 o p bepadise
they are a surface feature.

1 Gullies are describedas 6 i n c lhesaasé 6
visually they appear to be actively cutting
into the natural landscape.

1 A minimum depth of 30 cm is used to
separate gully erosion from rill erosion,

W=, : which is actually a form of soil erosion

fRtmests & Crecks Pry Lt d SRR commonly found on the banks of gullies.

Gully erosion (SA)
Gully erosion vs creek erosion

1 Gullies are considered to be recent
geological features, while creeks usually
have a much longer geological history.

1 The size of a creek is usually determined
by the catchment hydrology, and the
dominant flow condition is usually the
bankfull flow.

1 However, the size of a gully is usually
determined by geographical features, and
there is usually no specific flow condition
that controls the size of the gully.

Types of gullies

1 Some text books categorise gullies under
the headings: linear, bulbous, trellis,
parallel, dendritic, or compound.

1 However, in general terms there are just
two types of gully erosion:

- linear gully erosion, which is dominated
by the inflow of concentrated
stormwater runoff, and

<
=

- alluvial gully erosion, which exists in
ancient floodplains, and is more
commonly associated with sheet flows.

Categories based on gully location

1 Gully erosion can also be categorised
based on the location of the gully (as
presented over the following pages).

1 The location of the gully is important
because it can influence:

- the type of land on which the erosion
occurs, which can influence the type of
authority responsible for any repairs,
which can influence the likely funding
for such repairs, and

- the range of feasible repair options.
Types of gully erosion

© Catchments and Creeks Pty Ltd February 2022 Page 11




Types of gully erosion

=

. Roadside (table drain) gullies

Gully erosion can follow almost any flow
path, including the drains formed on the
side of roadways (known as table drains).

1 In many cases this erosion may be less
than 30 cm deep, which would classify the
erosion as a O6rill o,
dispersive, then erosion depths greater
than 30 cm are possible.

1 These gullies are a traffic hazard, and they
can also release large volumes of
sediment into downstream waterways.

N

. Culvert gullies

=

Two types of gullies can exist adjacent to
culverts:

- agully that migrates upstream towards
the culvert (possibly caused by a
downstream disturbance), and

- agully that migrates upstream from the
culvert (possibly triggered by the design
of the culvert).

1 Therefore, culverts can both cause
upstream gully erosion, as well as stop the
migration of downstream gully erosion.

w

. Stormwater outlet gully erosion

These gullies are formed when stormwater
pipes release water onto land (usually a
park) well away from a watercourse.

1 The water leaves the stormwater pipe,
passes along a constructed swale, then
spills down the bank of the adjacent
watercourse or storm drain.

1 As the water spills into the watercourse, it
can cause lateral bank erosion, which can
cause a gully to form, which then migrates
back towards the stormwater outlet.

4. Lateral bank gully erosion

91 Lateral bank erosion is usually caused by
non-concentrated surface runoff (sheet
flow) spilling down creek or gully banks.

1 Once formed, this bank erosion usually
causes a concentration of the sheet flow
moving towards the bank erosion.

1 Over time, these finger-like gullies can
either (i) extend along a flow path forming
linear gully erosion, or (ii) extend in

) several directions in a manner similar to

P sicsed ty CWW’M‘M g alluvial gully erosion.

Lateral bank erosion (NSW)

-
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Types of gully erosion
5. Overland flow gully erosion

1 Though often not technically a form of
gully erosion, this
been included because, if left unmanaged,
it can grow into a gully.

9  This form of soil erosion is not limited to
cropping land, but can also be a problem
when farmland crosses over old drainage
lines.

1 The treatment, or prevention, of this type
of erosion shares many features with the
treatment of gully erosion.

(2]

. Contour bank waterways

Contour banks collect stormwater runoff
g . —.. and direct it across a field towards an

A ‘ overland floyv path (known in rurfll areas
;:«‘““\-....,b“ 4 as a O6waterwayd), wh

water down the slope.

1 These contour banks and waterways are
normally designed to carry flows up to the
1in 10 year storm.

1 If a storm exceeds the design storm, or a
soil disturbance occurs within the
waterway, then a gully can quickly form.

~

. Drainage channel gully erosion

=

This is another form of linear gully erosion
where the erosion either:

- migrates along the bed of a constructed
drainage channel, or

- causes an overall expansion (erosion)
of a drainage channel, affecting both
the bed and banks of the channel.

1 Treatment of the gully erosion must allow
for the continued operation of the channel,
which will likely mean being able to resist
relatively high velocities.

[e0]

) iy v . Dam spillway (by-wash) gully erosion

» i Sl

g-’f””\' W ' The spillway (or by-wash) of a farm dam is
‘m.ﬁ é h just another example of a drainage path;

Wi g e o however, these drainage paths are
designed to carry high velocity flows.

g TF
Ak g - 3

1 Gully erosion is a common feature on dam
spillways after severe storms have swept
through an area.

1 What makes this form of gully erosion
different from other forms of gully erosion
are the hydraulic restrictions that are likely
to apply to the repair options.

Gully erosibon along a dam by-wash (QId)
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Types of gully erosion

‘Catchments &

Alluvial gully erosion (NSW)

SRS NN
gully head (Qld)

DTy

Shallow

9. Linear or hill-slope gully erosion

1

The term 0O ltsil noepaerdd gourl
can be applied to most of the 12 forms of
gully erosion described on these pages.

In essence, linear gully erosion follows a
dominant drainage line, or overland flow
path,usually wi t h mi ni mal

If branching (lateral bank erosion) does
occur, then these branches will likely form
into similar linear gullies.

10. Alluvial gully erosion

il

Alluvial gully erosion is a form of wide-
spreading bank erosion that is most
commonly found in ancient alluvial
floodplains.

Unlike many of the more recently formed
floodplains, these ancient floodplain can
contain high levels of exchangeable
sodium, making the soils dispersive.

Such erosion can expand in several
directions resulting in a very wide or multi-
branch gully head.

11. Arid and semi-arid gully erosion

il

What makes this type of gully erosion
unique is not the shape of the erosion, but
the location of the erosion, and the impact
of limited vegetation cover.

Key to managing gully erosion in these
regions is managing any change of
gradient along a drainage line.

Forming a new roadway, or cutting of a
simple drainage channel, can trigger
erosion problems, which can continue for
decades, and extend for tens of
kilometres.

12. Shallow, flat-land gully erosion

1

Shallow, flat-land gully erosion can exhibit
the wide-spreading features of alluvial
gully erosion, as well as many of the
features associated with linear gully
erosion.

The erosion is often
because it occurs on land that has very

little gradient, but the erosion can still be
very destructive.

This form of erosion is usually triggered by
very minor changes in land shaping or
surface drainage.
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Potential impacts of gully erosion on farms
iRyt (o1 Loss of productive farm land

1 Gully erosion can result in a loss of
productive farm land, as well as a loss of
fencing.

1 Gully erosion can subdivide a field, reduce
the mobility of farm equipment, and
reduce the efficiency of farming
operations.

1 Gullies can also reduce soil moisture
levels adjacent to the gully banks, but at
the same time can also reduce potential
salt issues.

Cost of stabilising or backfilling gullies

1 Most forms of gully erosion can cost
significant time and money to repair.

1 The soil used to fill, or partially backfill the
gully, usually needs to be obtained from
the surrounding land, which can reduce
the Il andbés soil heal

1 Evenif the gully is not partially backfilled,
the cost of halting the migration of the
gully, and stabilising its banks, can be
significant.

Damage to fences and roads

1 Gully migration can damage:
roads, driveways and access tracks

road and track culverts
drainage channels and swales
fence lines.

1 Gully erosion can also migrate along
roadside drainage systems increasing the
cost and frequency of road maintenance.

Damage to farm dams

1 Gully erosion can cause the failure of farm
dams if it is allowed to migrate up to the
main embankment.

1 Such gully erosion can either be:

- initiated by flows spilling from the dam,
or

- the result of gully erosion triggered by a
downstream problem.

1 If the gully erosion exposes weak,
dispersive subsoils, then the cost of
Phioto supphied by Catchments &-Crpakt By (i repairing the damage can be significant.

Gully erosion within a farm dam spillway
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Potential impact of sediments on downstream environments

The make-up of sediment

1 Once disturbed by an erosion process, soil
quickly breaks down into its constituent
components, including:

- clays
- silts
- sands
- gravels
- organic matter
1 Clays, silts and sands settle-out at

different rates based on their weight and
their resistance to flow turbulence.

Deposition of sands

1 Sand-sized particles (> 0.02 mm) are most
commonly deposited in wetlands, and
within paddocks located within flood-prone
areas.

>

1 The deposition of coarse sediments can:

- contribute to the invasion of weed
species

- cause a loss of aquatic habitats within
permanent water bodies

- increase the maintenance cost of these
water bodies.

Sand deposition in a farm dam

Deposition of silts

1 Silts (particles between 0.0021 0.02 mm)
typically settle within water bodies such as
lakes and rivers.

1 By chance, organic matter often settles
out of suspension in the same locations as
these silts, which means the silt can
become rich in organic matter.

1  When deposited on floodplains during
flood events, organically-rich silts can be
beneficial, but if deposited in ponds or
dams, eutrophication and algae growth
can occur.

o

LT o E L

Eutrophication of a water body
Deposition of clay

1 As floodwaters approach marine waters
(e.g. estuaries, bays and oceans) the
sediment-laden freshwater separates from
the saline ocean water, typically forming a
floating plume.

1 Subsequent tidal action mixes the fresh
and saline water causing the suspended
sediment (consisting only of clay-sized
particles) to settle onto the ocean floor.

1 The settled clay smothers coral and
marine plants, and introduces nutrients
and metals to the water body.

Phato supphed by Brisbane City Council

Sediment plume entering the ocean

© Catchments and Creeks Pty Ltd February 2022 Page 16




An overview of gully management options

AR . N W

e ! ! &% Management of gully erosion

1 Options for the management of gully
erosion include:

- adopt land management practices that
reduce the risk of gully erosion

- divert flows away from the gully
- backfill and revegetate the gully
- stabilise the gully in its current location

- facilitate sediment capture along the
gully floor, and then encourage the
6natural 6 stabilis

Reducing the risk of gully erosion

1 Land management practices can be used
to prevent gully erosion, or reduce the
expansion of existing gullies.

1 Vegetation cover within the catchment can
be improved by:

- fencing and reducing grazing pressure

- returning trees and shrubs to the gully
banks and overbank areas

- maintaining tree density in the upper
catchment.

Flow diversion systems can also be used.
Gully fencing and revegetation (Qld) 1 4

Swbilisation of gully head  Stabilising existing gully erosion
o e f  Gully stabilisation involves:
"'-"ley’ Z';,:’y":::;z";:d first stabilising the gully floor
= SRS ateral inflows then stabilising the gully head
then stabilising the gully banks.

1 If the gully head is stabilised before the
gully floor, then any further lowering of the
gully floor could undermine the treatment
measures being applied to the gully head.

1 Note: the best place to stabilise the gully
head may not be at the current location of
the gully head.

Minimising the adverse impacts of gully
erosion on downstream environments

1 Preventing the gully erosion may not
always be practical because of:

- multiple gully heads, or
- landowners not wishing to participate.
1 Insuch cases, the focus should be on

minimising the risk of environmental harm,
which means:

- maximising in-gully sediment trapping

- establishing topsoil, vegetation, and/or
mulch cover over all exposed banks.
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Facts about gully erosion

The following dot points represent amg oyerview
with gully erosion. However, these dot goints v

1 Gully erosion is a problem which current land managers have, in many instances,
inherited as a result of past (government-endorsed) land management practices.

1 You cannot stop all forms of gully erosion simply by fencing off the gully and
revegetating the catchment. These actions can significantly reduce the risk of gully
erosion, but some forms of gully erosion can be initiated by actions that occur well
downstream of the affected property.

1 Once formed, you cannot stop gully erosion simply by returning the drainage
catchment back to its natural drainage and vegetation condition. If the gully erosion
has exposed some dispersive subsoils, then controlling this erosion will require
specific treatment steps.

1 Good soil management is the key to stabilising most forms of gully erosion. Good
water and vegetation management play key roles, but cannot correct the failures of
poor soil or land management. Therefore, good gully management starts with a
competent understanding of soil science.

1 Water management may cause the soil erosion, and vegetation may ultimately
provide the long-term erosion control, but both the water engineering and the site
revegetation will ultimately fail if the underlying soil remains unstable.

1 You cannot stabilise a dispersive soil without appropriate treatment. You cannot
revegetate a soil if the soil lacks essential nutrients. And the potential salinity of
subsoils should not be ignored, even if there are currently no visual indicators.

1 If the gully banks have exposed some dispersive subsoils, then the actions of
rainwater striking these exposed banks can cause the gully erosion to continue,
often at a rate similar to the growth of the gully prior to the diversion of any surface
flows. Consequently, the gully banks may still need to be stabilised even if all
stormwater has been diverted away from the gully.

1 Common gully stabilisation issues include: insufficient soil testing, insufficient use of
gypsum, gypsum not appropriately mixed with the soil, insufficient consideration
given to the amount of time and rainfall required for gypsum to actively modify the
soil chemistry (gypsumisnotan 6i nstanté repair), inaldequate
inappropriate vegetation, and inadequate post-works monitoring.

1 In creek and river morphology, the size of the channel is closely linked to the
catchment hydrology; however, in gully erosion the size of the gully is more likely to
be linked to:

- the age of the gully
- the slope of the land, and
- the erosion potential of the soil (i.e. the degree of saoil dispersion).

1 There is little point in spending large sums of money to capture 99% of the
sediment originating from gully erosion if it is the remaining 1% of the sediment (i.e.
the fine suspended clay) that is actually causing 99% of the downstream ecological
harm. The key to the regional management of gully erosion is to understand the
relative harm caused by sand, silt and clay (as separate pollutants). The
managementof gullyer osi on shoul d then focus on |prevent
60l ocationsd of gully erosion that are Jlikely
soil particle, be it sand, silt or clay.
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Where to get help
Introduction

1 When it comes to managing gully erosion,
getting good advice is usually more
important than having good intentions.

1 Being sympathetic to the environment, or
being a 0gr e emmedndhatn
you dondt need exper

1 When dealing with gully erosion problems,
landowners should always make use of
advice freely provided by government and
non-government organisations.

Community groups

1 Local community groups can be a good
source of information, and they can also
have good contacts within governments
and the private sector.

1 Try your local:
- Landcare and Envirolink group
- Bush rehabilitation group
- Coast Landcare group

- NRM (Natural Resource Management)
organisationd usually linked to the local
river system.

Local and state governments

1 The state government department that will
most likely have an interest in gully
management will be a department with a
title that includes the words: Natural
Resources, Primary Industry, or Water.

T Your stateds environ
likely be interested in protecting
downstream environments, and may
provide advice on helping to reduce
turbidity levels within stormwater runoff.

Western Australia Rangeland Rehydration

Universities and land management
consultants

1 Private consultants can provide advice on
a wide range of gully erosion issues, but
the key is finding the right consultant.

1 You may get help finding the right
consultant by asking a local community
group (see above), or asking your local
council or councillor.

Phiotg suppied by Cafthments & Croeks Py Lid

Land management study (QId)
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1. Mechanics of Gully Erosion
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A short introduction to the surface flow of water

R Introduction

& _ )

1 The movement of surface water through a
landscape is controlled by gravity, land
slope and roughness, and energy loss
within the flowing water.

1 Rainwater that strikes a land surface that
is 100 metres above sea level, will
experience exactly 100 metres of energy
loss on its travel from the hilltop to the
ocean.

1 This energy loss can take the form of
6frictiond or &éturbu

Free-surface flow conditions

1 Water travels over land as either:
- sheet flow, or
- concentrated flow.

1 In each case the water can travel as:

- gradually varied flow, which means
energy loss primarily occurs through
the actions of friction, or

- rapidly varied flow, which occurs when
water spills down steep slopes, often
triggered by a sudden change in land
slope.

Sudden changes of land slope (waterfalls)

1 Natural landscapes typically contain
numerous changes in land slope, with
some changes in gradient being more
gradual than others.

1 A sudden change in land slope can be
caused by an outcrop of rocks, exposed
tree roots, or simply a change in the type
of vegetation cover.

1T These changes in gra
as in the case of a rock outcrop, or
potentially unstable, such as when tree
roots die or become undermined.

Tk el

Exposed tree roots along a flow path

Minor waterfall over tree roots (SA) A series of rock outcrops (SA)

© Catchments and Creeks Pty Ltd February 2022 Page 21




The mechanics of gully erosion

Introduction

1 The categorises of soil erosion include:
sheet erosion

rill erosion

gully erosion

plus several others.

91 Gully erosion is generally considered a
specific category of soil erosion.

¥ ’ R . 1 However, gully erosion is actually several
é n il TP R, ot A different types of soil erosion all occurring
Fhato supped Wy Caichmgee & CHeokeRTEbN %, PN within a relatively confined space.

The mechanics of gully erosion

1 Understanding the mechanics of gully
erosion can benefit the design process by:

- improving our understanding of how
ongoing erosion issues can potentially
undermine certain treatment measures

- improving our understanding of how the
gully erosion is potentially interacting
with other drainage and erosion issues

- increasing the likelihood of the repair
measures achieving a favourable long-
term outcome.

The effects of soil dispersion

1 The mechanics of gully erosion is closely
linked to the mechanics of soil dispersion.

1 The existence of a dispersive soil is likely
to accelerate the rate of erosion, increase
turbidity levels in water, and increase the
risk of ongoing erosion problems.

9 If the soils are not dispersive, then water
and vegetation issues will generally
dominate over soil issues, and the
mechanics of the gully erosion will be
closely aligned with that of creek erosion.

Testing of a dispersive soil

Atvancing srosion Gully head Types of soil erosion found in a gully

| 1 The types of soil erosion found within a
typical gully include:

- raindrop impact erosion

- splash erosion and jetting

- soil scour (sheet and rill erosion)
- bank slumping

- bank undercutting

- soil dispersion

- tunnel erosion

- dry-soil cracking.

Soil scour

Topsoil

Erosion at the gully head
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Types of soil erosion found within a gully

Droplets loaded with Raindrop impact erosion
dislodged soil particles

1 Raindrop impact is possibly the forgotten
component of gully erosion.

1 The focus of many gully rehabilitation
programs is on controlling water flow, and
increasing the solil strength, but if the soll
surface is left unprotected, then raindrop
impact can continue to cause significant
erosion, even if the solil is treated for its
dispersive properties.

1 This form of soil erosion is more likely to
affect the gully banks than the gully floor.

Splash erosion and jetting

1 Energy dissipation at the base of a
waterfall or gully head normally occurs
within an energy dissipation pond.

1 Within these ponds, energy dissipation
occurs as a result o
and oOowater jettingo.

1 The jetting action can cause the formation
of a deep energy dissipation pond.

1 The actions of splash can cause large
water drops to strike the walls of the gully
helping to form an expanded erosion
chamber.

| Sheet erosion (soil scour)

1 Sheet erosion is the removal of a thin
layer of surface soil, typically through the
actions of scour and raindrop impact.

1 Isolated examples of sheet erosion are
likely to be found on the banks of many
gullies.

1 In arid and semi-arid regions, where
vegetation cover is sparse, large areas of
sheet erosion may exist just upstream of
the gully head.

. W o .
Sheet erosion upstream of a gully (Qld)

XA

Rill erosion (soil scour)

1 Arrillis a form of concentrated soil scour
that is less than 30 cm deep.

1 Insimple terms, arill is just a small gully.

9 Similar erosion mechanics can exist in
both rills and gullies.

1 Rill erosion can exist immediately
upstream of the gully head; however,
rilling is more commonly observed on the
banks of the gully, especially if the
exposed soil is dispersive (this form of
erosion is known as

5
-

" Rilling (fluting) of a gully bank (SA)
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Types of soil erosion found within a gully
I Bank slumping
! RS ‘ 1 Bank slumping is the mass movement of

bank material, primarily through the
actions of gravity.

& h

1 Bank slumping normally occurs in the
days following heavy rainfall, i.e. while soil
moisture levels are still elevated.

1 The added soil moisture:
- increases the weight of the soil, and
- reduces the soil ds

Bank undercutting

1 The risk of bank slumping is increased if
flows are allowed to undercut the bank.

1 As a failure mechanism, bank undercutting
is the combination of bank scour along the
lower portion of the bank, followed by the
slumping of the upper bank.

1 Bank undercutting can be caused by:
- flow-induced soil scour, or

- water-induced soil dispersion (which
can occur simply by allowing water to
pool on the floor of the gully).

Undermining of a dispersive soil bank

Dry-soil cracking

T The term 6clayd can
the smallest of the soil particles (< 0.002
mm), or it can be used to describe a soil
that has a high clay content.

1 Some clayey soils experience significant
swelling and shrinkage as moisture levels
change within the soil, which can cause
the soil to crack and crumble if it is
allowed to dry excessively.

1 Note; cracks can also appear on the
surface of a wet soil as a result of shear
stresses linked to bank slumping.

Soil dispersion and tunnel erosion

1 Soil dispersion can be looked upon as a
form of chemical erosion, or a form of
electro-magnetic erosion.

91 Dispersive soils try to release their clay
particles when the soil becomes wet.

1 Inthe absence of a gully, these clay
particles are prevented from dispersing
because the affected subsoil is covered
with a topsoil (which acts as a filter), but if
the topsoil is removed, then the subsoil is
able to release its clay particles, and
eventually a gully is formed.
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The potential impact of a dispersive subsoil
Stable soil conditions

1 Dispersive subsoils are a common feature
of Australian landscapes.

Topsoil

1 The existence of a dispersive subsoil does
not mean gully erosion is inevitable.

Hydrated clay particles would like to 1 A soil profile that incorporates a dispersive
wash from the dispersive subsoil due to subsoil can remain in a stable condition if:
the effects of electromagnetic dispersion

'
|
PG S
|

- the dispersive soil remains covered by
a non-dispersive soil, even if this non-
Rain-soaked dispersive subsoil dispersive soil is another subsoil
- tunnel erosion does not enter the
dispersive soil.
Stable soil profile

The effects of a surface nick point

Advancing erosion
- ] 1 If adispersive subsoil is covered by a

layer of non-dispersive soil, such as a
stable topsoil, then clay particles in the
subsoil cannot break free and pass into

Nick point

Release of clay « Runglf o
particle into —=| stormwater runoff.
stormwater runoff 1 However, if the topsoil is disturbed by the
formation of a nick point, and if this results
— in a dispersive subsoil being exposed to
Dispersive subsoil weathering, then clay particles within the
subsoil are free to wash from the soill,

I " ovr e cou result i

Unstable soil profile

formation of a gully.

The effects of tunnel erosion

1 If tunnel erosion is allowed to enter a layer
of dispersive subsoil, then clay particles
from the subsoil are again free to leach
from the subsoil, which can cause the

Topsoll

1 r&:m:‘t’u‘:::{f:nmdﬁ:&ﬁh&:“s tunnel to quickly expand.
out of the soil profile 1 Such tunnel erosion can be caused by:
e _Tunnel °~'-'9§1'1’_»'} - adying tree root
- the existence of a buried pipeline
Rain-soaked dispersive subsoil - anear-impervious subsoil underlying a

pervious soil horizon, which causes
groundwater to concentrate and move

Effects of tunnel erosion along this soil interface.
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Formation of a nick (knick) point

Scour along an overland flow path (Qld)

ENTY
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Scour along an overland flow path (Qld)

)“'!1 >
-

Scour along an overland flow path (Qld)

Introduction

1 Gully erosion often starts with a minor
disturbance to the soil surface, often
referred to as a nick point (knick point).

1 Nick points can be created by a variety of
actions, including:
- afallen tree (exposing the rootball)
- cattle pads
- excavation of a drainage swale
- formation of a scour hole

- failure of a dam by-wash (spillway)
- initiation of lateral bank erosion.

3y

Erosion along the edge of urban lake

Photo supplied by Catchments £'Creaks Pty LY

Erosion downstream of a farm dam (Qld)

) <A
Phoje supphed & chmn e

Scour hole (Qld)
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Up-slope migration of the gully head

{ Migration of the gully head
|

1 After the initial triggering of the gully
erosion, the gully head then migrates
along an up-slope drainage path.

Initially the erosio

As the erosion migrates up the valley, the
depth of the erosion head increases until a
gully is formed.

1 The gully head increases in depth as it
migrates up the valley because the gully
floor usually has a much flatter gradient
than the original land slope.

Sheet flow
Concentration of stormwater runoff

Growth of the erosion along the dominant drainage flow path

The dominant flow condition

1 Unlike creek erosion, the critical flow
condition for a gully (i.e. the flow that
dictates the size of the channel) is not the
bankfull flow.

1  The severity (depth) of gully erosion is
generally related to the soil type, the age
of the erosion, the valley slope, and the
frequency and duration of stream flows.

1 If the exposed soils are dispersive, then
even minor storms can continue the
Phota sudpiied by GRIEMENS & Crieks Pty Lid erosion process.

Minor flows spilling into a gully (Qld)

Lateral expansion of the gully into the floodplain or across the valley floor
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Types of gully head erosion

Advancing erosion Gully head

A I

Stable topsaoil

Advancing erosion Gully head

Hardsetting topsoil

Hardsetting topsoil

/- Soil scour (minor nick point)
/-Sheet erosion & raindrop impact

Weak topsoil

Dispersive
subsoil Splash

I\ L

Example of sheet erosion (SA)

Typical gully erosion

1 A soil profile typically contains multiple soil
layersor6 hor i z o n s éorigoh,0 p s
B-horizon, the latter two being subsoils).

1 Each soil horizon is likely to have different
erosion characteristics.

1 If one of the soil horizons is dispersive,
then the erosion can cut deep into the soil
very quickly.

1 Note; alternatively a non-dispersive
A-horizon subsoil may exist above a
dispersive B-horizon subsoil.

Hardsetting topsoils

1 If the land has been worked for many
years, then:

- the original topsoil may have been
replaced by a modified subsoil that
resembles a type of topsoil, and/or

- the topsoil may have mixed with parts
of a dispersive subsoil, which can give
the topsoil some 06¢

1 Hardsetting topsoil can result from over-
worked land, and these soils display some
unigue erosion characteristics.

Arid and semi-arid regions

1 Insome arid and semi-arid regions, the
lack of vegetation cover, and the poor
quality of the topsoil, can result in the
occurrence of sheet erosion just upstream
of the gully head.

1 The initial creation of a nick point can
cause a local acceleration in flow velocity:

- which can trigger a form of soil scour
(based on flow velocity)

- which can migrate away from the gully
head faster than the migration of the
main gully head.

T PRI F AT MY 11y T

Phioto suppiied by Catetrments & Cratrks £y Lt
Advancing sheet erosion (Qld)
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Bank erosion

Introduction

1 In most cases, gullies are initially formed
with near-vertical banks, which
subsequently erode through a process of:

- bank slumping
- bank undercutting
- raindrop impact
- soil dispersion
- lateral bank erosion (over page).
1 Infavourable conditions, the slope of the

gully banks will reduce over time, allowing
vegetation to establish.

Bank slumping and bank undercutting

1 If soil slumped from gully banks is
regularly washed away by storm events,
then the gully banks can remain in a near-
vertical condition, which can prevent the
O6natural 6 stabilisat

1 Such cases are considered a worst case
outcome, and gully stabilisation is only
likely to occur as a result of landowner
intervention.

78 Crae P19 gy
Bank slump (Qld)
: Raindrop impact erosion

1 If the gully banks are able to achieve a
more gradual slope, then vegetation can
be established on the banks to achieve
long-term stability.

1 However, the banks must be protected
from raindrop impact, otherwise:

- seedlings will be undermined, and

- wind-blown seed will be washed from
the banks.

e A R B S T e (A S §  Organic mulch or rock mulch can be used
U mpstes i vty . lp!’_w"""- : to protect the banks from raindrop impact.
Effects of raindrop impact (Qld)

Erosion of dispersive soil banks

1 If the gully banks contain dispersive soils,
then:

- organic mulch, or natural rock mulch,
will not be able to protect such soils
from erosion

- any mulch placed on the banks will
likely wash off the banks over time.

1 Insuch cases, bank stabilisation can only
be achieved by covering the dispersive

= soil with a layer of non-dispersive soil

G Sooalg Py L. ) ~_.;_f containing appropriate organic content to

Erosion of a dispersive soil (QId) support plant growth.
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Lateral bank erosion

Lateral bank erosion

1 Lateral bank erosion is the erosion caused
when stormwater runoff spills down an
unstable creek or gully bank.

1 These lateral inflows may initially travel
towards the bank as
flow can become concentrated just before
entering the gully (or lateral bank erosion).

1 Over time, lateral bank erosion can
expand to form a separate arm of the gully
erosion.

Photo supplied by Caichments & Croeks Pry Lid

Photo suppiied ty Catchmonts & Croaks

Lateral bank erosion (NSW)
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Gully expansion resulting from lateral bank erosion

:
g
3
2

.

1. Initial triggering of gully (plan view)

2. Initial branching of the gully

4. Widening of the gully banks

Old old
focdpiain flcodpiain

S

Ad’u'n‘ ﬂy stosion
o

v
OM
Roodplain

Example of active gully erosion

Branching of a gully

1 Gullies normally grow by forming several
connected O&6brtmgac hes 6
waterway with its connected tributaries.

1 These expanding branches typically
spread in all directions, radiating out
across the floodplain or valley.

1 If sufficient time is allowed to pass, these

branches will eventually spread across the
whole valley or floodplain, ultimately
lowering the whole landscape to the invert
of the main gully.

Floodplain

3. Further branching of the gully

Stable
slopes

5. Creation of a new valley floor

Oid
floodplain

New valley floor

Now valley floor

New valley flooe

Final stage of erosion forming a new valley
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Ongoing lowering of the gully floor

Ongoing gully floor erosion

1 In most circumstances the gully floor will
form with a bed slope (gradient)
significantly flatter than the original land
slope.

1 However, when a gully first forms, the
gully floor may not be stable, or free from
ongoing erosion processes.

T New 6headd (nick poi
the gully floor, which migrate up the gully
towards the main gully head (refer to
additional diagrams over the page).

Ci nehmen ;‘E@ﬁy .

Secondary nick point (QId)

W

Secondary nick point (Qld)
- T,
— g

Secondary nick point (NSW) Secondary nick point (Qld)
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Ongoing lowering of the gully floor

Sheet flow
Concentration of stormwater runoff

Initial progress of the gully erosion

Inflow

Original land slope

— -
— —
—_— -
— - — -

Gully floor slc?pe‘ = I=S=

——————

The height (fall) of the gully head increases as the gully migrates up the valley

Inflow Original land slope

-
— -
T Eem ey e -

—

— Secondary nick point

Secondary nick points can form along the gully floor

Original land slope

T em ey - —aea
—~—
—

Gully flogr_slope

The gully floor continues to lower until a stable surface or slope is achieved
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Natural stabilisation of gullies

Photo suppiled by Caichments & Cr-ki‘?ty \at

Phioto supphed by Catchmants & Crpaks Pty |5
Stable, grassed gully floor (QId)
I ¥

Introduction

1 All gullies will eventually achieve some
degree of stability; however, all gullies
dondét wultimately tu
samereasonallcr eeks donodt
expand into becoming rivers.

1 The stable form of any channel (gully,
creek or river) depends on the size of the
catchment, and the local hydrology.

1 Most gullies will eventually become:

- anew valley landscape, or
- a 6dryd creek bed.

Stabilisation of the gully head

1 The head of the gully can achieve a stable
condition if:

- astable drainage chute is constructed
at the gully head

- the gully head exposes significant
bedrock, or

- the gully erosion exposes a series of
rock outcrops (or similar) that gradually
raise the gully floor up to the elevation
of the original valley floor.

Stabilisation of the gully floor
1 A stable gully floor can be achieved if:

- the gully erosion exposes significant
bedrock

- the gully floor achieves good vegetation
cover that is resistant to the shear
stresses generated by the concentrated
channel flow.

1 A stable gully floor will likely experience a
balance between periods of erosion and
periods of accretion.

Stabilisation of the gully banks
1 Stable gully banks can be achieved if:
- the banks are battered and planted
- the gully erosion exposes a rocky face

- the banks are allowed to erode back to
a stable gradient, followed by natural
plant regeneration

- the gully banks expand laterally to the
point that they meet the expansion of
an adjacent branch of the same, or

r

Photo supplied by Catchriets &_Cﬁmﬂ P{y 25 z nearby gu”y
Stabilised gully banks (SA)
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Case study: Red Banks Conservation Park, Burra, SA

Introduction

1 This gully is located within the Red Banks
Conservation Park (Baldina Creek) near
Burra, South Australia.

1 Significant amounts of gully erosion exist
around this region of South Australia.

1 A contributing cause of the gully erosion is
considered to be the extensive
deforestation of the catchment during the
1800s to supply timber for heating.

1 The region also has highly dispersive
subsoils.

Catchment cleared of woody vegetation

e ™ "V 777 Downstream stable waterway

1 The gully erosion mainly consists of
extensive lateral bank erosion radiating
out from the banks of the creek.

1 The downstream end of creek (within the
conservation park) consists of a more
stable section of waterway with good
vegetation cover of the banks, and partial
grass cover of the dry creek bed.

1 The creek bed experiences ongoing
sedimentation as a result of the upstream
gully erosion.

. b ¥ ) M

K o o> :
k O 3 < . >
R & - TR

Red Banks Conservation Park, Burra, South Australia (Google)
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Red Banks Conservation Park i Types of bank erosion

Baldina Creek

1 The main creek that passes through the
park (Baldina Creek) has over recent
geological time experienced significant
bed and bank erosion.

9 This erosion has lowered the creek bed,
and increased the height and gradient of
many of its banks.

1 Though technically not a gully (because
the creek is not a new geological feature),
the creek does display many of the
features of typical gully erosion.

Types of soil erosion found in a gully

author at the site include:
- raindrop impact erosion
- soil scour (sheet and rill erosion)

A
¥ 1 The types of soil erosion observed by the
-

- bank slumping

- bank undercutting
e 3 » - soil dispersion

Undercutting .~ - tunnel erosion

: 3 Y - ' - lateral bank erosion.

Photy sutiplied By Clichments & Crseks Pyl 2

Bank undercutting

{ iy R
7' . P_‘)’ B BNt TR

Photo supplied by Ca!chmgj‘_us&"-

The southern bank of Bal dina Creek k
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Red Banks Conservation Park T Types of bank erosion

e “ Tunnel erosion

1 Numerous examples of tunnel erosion
exist throughout the park.

1 Many examples also exist where these
tunnels have collapsed to form open
gullies (which would then be classified as
lateral bank erosion).

Lsd

-

Outlet of tunnel erosion
Bank slumping

1 Bank undercutting ultimately results in
examples of bank slumping.

1 Ongoing bank undercutting and bank
slumping results in near-vertical gully
banks.

Phgio sunp wd by Catthmgnts & € ocks Py b

Bank slumping

i B —— -
¥. - - - s g
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Flatter bank slopes created by soil dispersion, raindrop impact and sheet erosion
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Red Banks Conservation Park T Types of bank erosion

Arid and semi-arid regions

1 This site displays several examples of
sheet erosion occurring upstream of the
gully head.

1 Flow acceleration into the gully can cause
a secondary nick point to form around the
edges of the gully:

- which can form areas of sheet erosion,
rilling, or minor gully erosion

- which can migrate away from the main
gully head faster that the migration of
the gully head.

Q. X
v'A

New erosion up

Main southern gully with multiple branches and gully heads (Adelaide Aerial)
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Red Banks Conservation Park T Types of bank erosion
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Red Banks Conservation Park 1 Natural gully stabilisation

LAY y 2R

o Stabilisation of the gully bed

1 The region has examples of gully erosion
at various stages of stabilisation.

1 In some locations, stable bank slopes
have been created, and a good cover of
vegetation is being established.

1 The slumping of some banks has resulted
in woody vegetation forming natural
brushwood barriers across the gully floor,
which ultimately begins to trap coarse
sediments, and helps to stabilise the gully
floor.

Stabilisation of the gully banks
Sediment deposited upstream

In general, the gully banks cannot achieve
of the fallen brushwood barrier T d guy

stability until the gully floor is stable.

1 Once the gully floor is stable, the toe of
the gully banks will also be stable.

1 The gully banks continue to erode, which
deposits more sediment onto the gully
floor.

1 The gully banks will continue to erode until
a stable gradient is achieved allowing
St X 2 long-term vegetation to establish over the
upplied by Catchments & Creeks Py Uil + bank.

Sediment trapped ﬁpsfream of brushwood

Bhoto sypplied by Calchments & Creeks Pty Ltd

Eventually the gully banks will achieve a similar gradient to the surrounding hills
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2. Causes of Gully Erosion
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Introduction

Gully erosion triggers

1 Gully erosion always starts somewhere.

1 However, it should not be assumed that all
gully erosion starts with the formation of a
6nick pointé.

1 Gully erosion can also be triggered by:

- sheet erosion, which then leads to
rilling, which then expands (or deepens)
to form a gully, or

- concentrated flows spilling down a

creek bank, causing lateral bank
erosion, which grows into a gully.

The cause of gully erosion

1 Understanding the mechanics of gully
erosion (as discussed in the previous
chapter) does not necessarily help a
landowner to understand what actually
caused the gully to form.

1 The cause of the gully erosion may be
located:

- upstream of the gully
- downstream of the gully, or

- within the paddock or property in which
the gully has formed.

Upstream causes of gully erosion
1 Potential upstream causes include:

- changes in catchment hydrology
caused by such things as: land
clearing, bushfire, or flow diversion

- changes in vegetation cover resulting in
the O6crustingé of t
results in increased surface runoff

- concentration of surface runoff through
the construction of a road culvert

- the regrading of unsealed roads, and
the creation of flow-diverting windrows.

Downstream causes of gully erosion
1 Potential downstream causes include:

- construction of a recessed culvert, or
the de-silting of a culvert, which causes
the formation of a head-cut

- failure of a weir or grade control
structure

- bed or bank erosion within a down-
stream waterway

- lateral bank erosion formed on the bank
of a downstream waterway into which
surface runoff spills.
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Potential upstream causes of gully erosion

f

43

Land clearing (Qld)
T 1

1

f

Poto suppied by Catctvaents & Crooks P EIRIE -~ -, L -
Earth windrow adjacent a dirt road (SA)

Land clearing

Land clearing can trigger gully erosion as
a result of:

- increased stormwater runoff
discharging from the cleared land

- the concentration of stormwater runoff,
which is no longer encouraged to
spread-out as sheet flow due to the
absence of natural bush mulch

- reduced rainwater infiltration into the
soil
- elevated groundwater levels.

Bushfires and fire management

Bushfires and the regular burning of
landscapes has a similar effect to land
clearing.

These actions can significantly change the
stormwater runoff characteristics of a
catchment.

Fuel-load management in bushland can
permanently change the frequency and
duration of minor flows.

The effects of fire on catchment runoff has
been investigated by Melbourne Water.

Road culverts and stormwater outlets

In urban areas, gully erosion can result
from stormwater pipes releasing
concentrated flows onto parkland, or
similar areas, that have not been designed
to carry such flows.

In rural areas, poorly designed road
culverts can become the triggers for gully
erosion, especially in circumstances
where the road is elevated above the
adjacent floodplain (which results in the
road embankment acting as a flood levee).

Concentrated flow releases from unsealed
roads

Concentrated flows released from any
type of road system have the potential to
cause gully erosion if such flows are
poorly managed.

Stormwater runoff from rural roads is
normally released from the roadway as
concentrated flow, and the road authority
may not be able to convert these flows
back to sheet flow if the water immediately
enters private property, which can result in
flow concentration within this property.
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Potential downstream causes of gully erosion

Recessed culverts

1 If the elevation of a roadway is set equal
to the surrounding land, then the invert of
the culvert that passes under the road
must (by simple geometry) be lower than
the natural land level.

9 This means that these culverts must be
designed with a stab
which can control the flow of stormwater
into the culvert.

T I'f erosion forms at
this erosion can grow into an upstream

gully.

Fallen trees (bank damage)

1 When large trees fall near the edge of a
creek or river bank, the exposed rootball
can damage the bank and cause local
stormwater runoff to spill in a concentrated
manner down the bank, possibly initiating
lateral bank erosion.

1 The initiation of lateral bank erosion can
cause a gully to form, which can then
migrate further into the creek bank.

Creek erosion (bank damage)

1 Creek erosion and creek migration can
damage bank vegetation, and expose
unstable creek banks to lateral inflows.

1 Asinthe above case, the initiation of
lateral bank erosion can cause a gully to
form, which can then migrate further into
the creek bank.

Damage to a downstream weir or drop
structure

1 Gully erosion can be initiated by the:
- failure of a channel weir

- failure of a downstream grade control
structure (e.g. chute or drop structure)

- bed scour within a downstream
drainage channel.

Falled gab|on drop structure (Qld)
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Potential on-site causes of gully erosion
) e : Introduction
' 1 Possible on-site causes of gully erosion
include:
- cattle pads
- paddock fencing
- farm dam by-wash (spillway)
- furrows in cultivation
- contour bank waterways
! - exposure of a dispersive subsoil
: ﬁb‘v’é w1 iy - scour within a drainage channel
Phot kphed PSR WA - ' - sink holes and tunnel erosion.

Failure of contour bank waterways

1 Contour banks collect stormwater runoff
and direct it across a field towards an
overland flow path (known as a waterway),
which then carries the flow down the
slope.

1 If soil scour is allowed to occur within
these waterways, then this scour can form
into a gully, which can then migrate up the
slope into the contour banking.

Exposure of a dispersive soil

1 Dispersive subsoils are common in many
parts of Australia.

9 If these soils are exposed to the weather,
then significant rilling, and possibly gully
erosion can occur.

1 Exposure to weathering can occur as a
result of:

- excavation of a drain or swale

- maintenance work on roads and
associated table drains

- the felling of trees.

RRAEhmpty & Croeks Pty L -

Deep rilling in a dispersive soil (Qld)

. - Collapse of tunnel erosion

1 Tunnel erosion is a typical outcome if the
subsoils are highly dispersive.

1 Over time these tunnels can expand to the
point where the roof of the tunnel
collapses, which then results in the
exposure of a well-advanced gully.

1 Tunnels can also collapse when vehicles
drive over the tunnel (which are usually
unseen by the driver).

- o 4
Phato supplied ¢ Y iz
A - St 1)

Collapse of an eroded tunnel (SA)
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Potential on-site causes of gully erosion

Cattle pads

i Cattle pads that descend sloping land, or
cattle pads that descend the banks of
waterways, are a common trigger for gully
erosion.

1 Overland (sheet) flows can readily
concentrate and pass along these cattle
pads, which can initiate rill erosion.

1 If the rilling causes the exposure of a
dispersive subsoil, then the rill can quickly
expand into a gully.

Stock- mduced bank erosion (QId)

Paddock fencing

1 Paddock and property fencing can trigger
gully erosion in the following ways:

- if high-velocity runoff passes around a
fence post it can cause localised soil
scour, which can also occur when
floodwater passes around isolated trees

- if afence line passes along or through a
drainage swale, then scour around the
posts can also trigger gully erosion

- cattle and stormwater can also move
along the fence line disturbing the soil.

Fraw stnpaed by Cm:l'mz.r.!r. & Crogks Py bd

Gully erosion along a fence line (QId)

Erosion around a fence post (QId)

Exposed soil adjacent a fence Ime (SA)
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Potential on-site causes of gully erosion

Farm dams

1 The spillway (or by-wash) of a farm dam is
usually an area of land that is likely to
experience high-velocity flows.

9 If soil scour occurs along these spillways,
then the scour can quickly turn into a gully.

1 If the gully erosion is allowed to migrate
past the dambés emban
complete failure of the dam can occur.

9 This type of erosion is commonly
observed when the rainfall exceeds
around a 1 in 10 year intensity.

Prsio sigphed .:v'ﬂrm-n; % L-mh Py L 5

Gully erosion in dam by-wash (Qld)

Failed drainage swales

1 Anydrainage channel can be subjected to
extreme flows, which can initiate bed or
bank erosion.

1 If the drainage channel has a significant
gradient (bed slope), then the bed scour
can turn into a rill, and eventually into a

gully.

1 If the subsoils are dispersive, then the
design and construction of any drainage
channel will require special attention to
avoid the occurrence of gully erosion.

Erosion within a dralnage swale (NSW)

Erosion within a drainage swale (Qld)
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Visual identification of dispersive soils
Dispersive soils ‘f’m“’oﬂ*“"‘"

1 Dispersive soils are highly unstable when
wet, resulting in severe, deep rilling
(known as fluting), tunnel erosion, and/or
gully erosion.

1 Soils with a hard setting surface, and a
high sodium content (sodic soils or
Sodosols), are very prone to erosion.

1 The identification and management of
dispersive soils is discussed in Chapter 4.

Creek bank erosion (Qld)

Pnoo]m;:;mcd by Cmchments & Craeks Py Lt

Gully erosion (SA) Gully erosion (NSW)
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3. An Overview of Gully
Stabilisation and Repair
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Introduction

Introduction

1 If you are reading this chapter, then it is
likely that you already have a gully erosion
problem that you wish to manage.

1 Your options are:

- seek the advice of arecognised
expert to design and manage the
project (this of course means you
either have a lot of spare money, or you
are fortunate enough to have obtained
external funding)

- seek the advice of an expert (not me!)
that can work with you, and guide
you towards an acceptable solution
(this is a wise, but also an expensive
choice)

- search for a gully erosion manual
that provides a short list of design
options, then follow their design
procedures (however this may result in
an outcome that does not satisfy your
needs)

- orread aguideline like this one, and
learn how to manage your gully
erosion in away that best suits your
needs (and this brings us to this
chapter, and eventually to Chapter 6).

s Ve 5
Pt

Gully repair (Qld)
Treatment options

1 Landowners are likely to face the following
gully management options (listed in order
of increasing expenditure):

1. The 6do not hiwhighéh ap
many circumstances may be the only
practical option).

2. Divert stormwater runoff away from the
gully (this should stop the migration of
the gully head, but bank erosion will likely
continue, and the diverted water may
cause erosion somewhere else).

3. Encourage sediment trapping within the
gully (this can help both the gully and
downstream environments).

4. Stabilise only the gully head, and allow
the bed and banks to stabilise naturally.

5. Stabilise the gully head and bed, but
allow the banks to stabilise naturally.

6. Stabilise all parts of the gully (i.e. the
gully head, banks and bed).

7. Re-profile and/or partially backfill the
gully, then establish stable drainage
conditions (i.e. construct a stable
drainage swale, or dry creek bed along
the alignment of the old gully).

Photg supphed By Bryce Carey

Fully restored gully (Vic)
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Balancing environmental and farm-based responsibilities

Introduction

1 For any work activity, the first task should
be to clearly define the goals, or the
required outcomes of the project.

- Is the aim of the project to minimise
downstream environmental harm (for
example, to an estuary or reef)?

Or
- Is the primary focus of the gully
stabilisation to minimise physical
damage to the farm, or to the
productivity of the farm?

Minimising environmental harm
1 Minimising environmental harm involves:

- understanding the environmental
impacts of clay, silt and sand, and

- understanding which forms of soll
erosion produce the largest volumes of
clay, silt or sand runoff, and

- focusing repairs on those measures
that reduce the runoff of the most
damaging soil particle size.

1 Insuch cases, the primary focus is on
issues downstream of the gully.

Minimising interruptions to the farm

1 If the focus is on the farm, then this
usually involves stopping the movement
(growth) of the gully head.

1 In some cases the focus may be on
stopping the | ateral
banks (i.e. lateral bank erosion).

1 In other cases the aim will be to backfill
the gully so that the land can be returned
to productive condition.

1 In each case, the primary focus is on
issues upstream of the gully.

Finding an appropriate balance

1 Knowing which issues should take priority
is a task for governments, in particular,
catchment management authorities.

1 Environmental issues usually take priority
when the catchment feeds into:
- reef habitats
- seagrass habitats
- estuaries with low tidal flushing.
1 Farm issues normally take priority when

the farmer is the one paying for the
repairs, or the catchment drains inland.

Catchment management plan (SA)
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Gully erosion (QId)

Best Management Practice:
The management of an activity
in a manner that achieves
ongoing minimisation of
environmental harm through
cost-effective measures
assessed against the measures
currently used nationally and
internationally for the activity.

Environmental BMP

Natural gully repair (Qld)

Photo suppied ty Catthrments & Crocks Py Lol

Fencing off a gully (Qld)

approach

Introduction

1 Insome cases, doing nothing is the
correct response.

1 Each case is different, each site is unique.

91 Itis rarely commercially viable to stabilise
the full gully, but exceptions do exist.

1 Besides, some gullies can stabilise
themselves relatively quickly, but usually
only if the soils are not dispersive.

T The 6do not hismastd app
commonly applied when sufficient funding
is not available.

Responsible environmental management

T So, is the 6do nothi
with the responsible environmental
management of working properties?

T Insomecases6yesd, in som

1 Responsible environmental management
does not mean 100% effort at 100% cost.

1 Responsible environmental management
is based on the adoption of Best
Management Practices (BMP) for your
industry, which is based on current
national and international standards.

Appropriate use of the
approach

T The 6édo nothingd app
appropriate in the following circumstances:

- when the cost of gully repair cannot be
justified

- when a Catchment Management Plan
identifies other priorities

- when the gully is showing a clear
indication that it will be able to stabilise
itself naturally within an acceptable
period of time.

Alternative actions that should be
considered up-slope of the gully

1 Doing nothing in the gully does not mean
doing nothing across the rest of the farm.

1 The following steps can be taken to
reduce the risk of further gully erosion:

- diverting stormwater (see Chapter 5)
- fencing off the gully from livestock

- taking the opportunity to establish
brushwood barriers (filters) within the
gully whenever such woody vegetation
becomes available.
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Option 2: Diversion of water away from the gully

Introduction

Diverting water away from an active gully
can:

- slow the migration/growth of the gully

- reduce hydraulic stresses on newly
established gully repairs

- allow time for a moderate amount of
vegetation (grass) to be established
over a newly constructed rock chute
(which can enhance the strength of
such rock-lined surfaces).

Flow diversion bank (Qld)
Flow diversion systems

1 A catch-bank is formed by pushing soil
Back-push bank down the slope to form an up-slope catch
drain adjacent to a down-slope bank.

/Topsoil

1 A back-push bank is formed by pushing
soil up a slope to form a topsoil bank.

1 A flow diversion bank is usually formed
from soil excavated from another location
on the farm.

1 Flow diversion systems can also be
formed from materials such as: logs, geo
logs and tightly-bound brushwood.

Back-push bank on a dispersive soil
-

Discharge of flows to a stable location

1 All drainage channels must release their
water in a non-erosive manner, such as
Crest of level spreader discharging to:

- astable drainage chute

- alevel spreader, which converts
concentrated flow to sheet flow.

1 Level spreaders can be formed from:
- earth banks (standard designs exist)
- recessed log weirs (minor flows only).

Diversion of fl ows out
catchment

1 Flows can also be diverted away from the
gully if:
- the adjacent valley or overland flow
path has a stable outlet

- the flows can be released into a nearby
dam.

Flows diverted to a farm dam (Qld)
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Option 3: Encourage sediment trapping on the gully floor

L& 0 Introduction

2+ 1 This management option may be

' appropriate if funding is not available to
conduct major repair work on the gully, or
an external funding proposal is yet to be
approved.

1 While waiting for funds, the following
measures can be employed:

- measures to slow ¢ttt

- sediment trapping within the gully to
raise the gully floor, and/or help reduce
downstream environmental harm.

Slowing the growth of a gully

1 If funding is not available to stabilise the
gully, then the following steps should be
considered that could reduce the growth of
the gully:

- form a buried cut-off wall upstream of
the gully (e.g. a concrete cut-off trench)

- install a series of brushwood filters

- plant a series of stiff grass filters

- encourage natural and/or introduced
plant seeding to establish a temporary
grass cover over any exposed soil.

Use of brushwood in gullies

1 Locally-obtained brushwood can be used
for various purposes, including:

- to slow the velocity of water passing
along a gully

- construction of a leaky weir to help trap
sediment

- providing a potential source of native
plant seed.

1 Warning: if the soils are highly dispersive,
then solil erosion can sometimes increase
around some brushwood systems.

Lateral bank gully filled with brushwood

- _—— —

Possible sediment trapping methods

1 Trapping sediment on the gully floor can
provide the following benefits:

- partially backfill the gully

- help retain soil slumped from the gully
banks

- stabilise the toe of the gully banks
- reduce sediment runoff from the farm.

91 Further discussion on trapping sediment,
b g . iy = including a list of techniques, is provided
anjwclmdbyﬁr»lm’.'.amy Soat? in Option 5.

Stiff grass filter (Qld)
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Encourage sediment trapping on the gully floor

Stage 1 flow conditions (shown here with arock chute at the gully head)

— — — __ Sediment deposition

— — —
—

— —

Stage 1 with full sedimentation

Stage 2 flow conditions

Stage 2 with full sedimentation
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Option 4: Stabilise only the gully head

Introduction

1 If funds are limited, then the landowner
needs to decide if the focus should be on
stabilising the gully head, or the gully floor.

1 Stabilisation of the gully head is likely to
be warranted if:

- the gully head is moving towards a road
or other valued asset

- the land slope is steep, which is
causing the gully to significantly
increase its depth as the gully head
migrates further up the valley.

Gully head treatment options
I Treatments for shallow (< 1 m) gullies
include:
- Butyl rubber or PVC chutes
- Grass chutes
- High density stock grazing
- Timber drop structures
I For gullies with a depth of around 1i 3 m,
treatment options include:
- Cement block drop structures
- Concrete chutes
- Concrete cut-off trench
- Concrete drop structures
- Concrete sandbag drop structures
- Gabion drop structures
- Grass chutes (technically possible)
- Grouted boulder drop structures
- Grouted rock drop structures
- Gully control dams
- Gully reshaping
- Reinforced grass chutes
- Rock chutes
- Rock mattress chutes
- Sandbag chutes
- Sandbag drop structures
- Stiff grass chutes (caution)
- Soil-cement drop structures
- Stacked boulder drop structures
- Steel sheet drop structures
- Tyre chutes
1 For gullies with a depth exceeding 3 m,
treatment options include:
- Corrugated iron chutes
- Geotextile chutes
- Reinforced grass chutes

Photo supplied by Calchments & Cireks IO T ; - Rock mattress chutes
Stepped rock mattress drop structure - Stepped drop structures
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Examples of gully head stabilisation

Rock chute
.ﬁ..!‘&:h

Y : . X -9 be Photosuppied by ":\‘.'Pv*n""'\'t‘: { H;ﬁ .
Stacked boulder drop structure (Qld) Soil-cement drop structure (USA)
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Stabilisation of multi-head gullies

Special conditions

1 Landowners should look for opportunities
to apply unique solutions to unique
erosion problems.

1 For example:

- the stabilisation of a gully head does
not necessarily mean stabilising the
gully head in its current location

- flows may be diverted to an adjacent
valley or flow path

- flows may also be diverted around the
gully head to a location further along

Existing gully erosion the gully banks.

Building an off-line inlet chute

1 If the gully head has multiple inflow points,
then a stabilised inlet chute can be built
parallel with an existing gully head.

1 This new inlet chute can be constructed
and vegetated (in the case of a grass or
rock chute) while remaining off-line, which
means the chute and the revegetation
process will not be disturbed by seasonal
storms.

1 At this stage the old inflow point may be
protected with a geotextile fabric.

Stage 1 of repair
Bring a new inflow chute on-line

1 Once the new inlet chute is stable, it can
be brought on-line, thus allowing the
existing gully head to be stabilised while it
is now placed off-line.

1 Temporary flow diversion bunds/banks
can be formed from:

- earth banks (non-dispersive soil)

- straw bales wrapped in filter cloth (i.e.
geotextile fabric)

- brushwood wrapped in filter cloth
- rock or gravel.

Stage 2 of repair
Monitoring of gully performance

1 Once all proposed inlet chutes have been
stabilised and brought on-line, then site
monitoring should commence.

1 The monitoring phase involves:
- checking for ongoing gully erosion

- checking for excessive movement, or
the loss of rocks or other materials

- checking for erosion along the edges of
the chutes (a common problem!)

- checking for excessive erosion at the
base of the chutes.

Stage 3 of repair
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Problems caused by an unstable gully floor

~ i Potential erosion issue

1 There is a risk associated with stabilising
the gully head and not the gully floor.

1 If the gully floor is currently unstable, or
has not achieved a stable elevation or
slope, then as the gully floor erodes, it can
undermine a newly constructed inlet
chute.

1 The consequences of this problem can be

2 ‘ > T reduced by building a substantial cut-off

S TSt e L wall (or recessed rock check dam) under

RGN By pwihmante S Cireks Py Leer the outlet apron of the inlet chute.
Undermining of concrete chute (NSW)

Inflow point Original valley floor

— et
— —

— —
— —

Stable gully floor

A stable section of gully floor is wusually

Inflow point Original valley floor

— et
— —

—_— e

— —
— —

Secondary head-cut

Ongoing gully floor erosion may also occur in the form of a secondary head-cut

Inflow point Potential slumping of full rock chute

Lowering of the gully floor can cause the undermining of a chute or drop structure

© Catchments and Creeks Pty Ltd February 2022 Page 59




Problems caused by a dispersive soil

" e - 5. 3,
Failed rock chute on a
ST - '

2 -

Introduction

1 The problems caused by dispersive soils

are discussed several times within this
field guide.

If dispersive soils exist on the site, then
look for a local source of gypsum (typically
applied at rates of 5 to 10 t/ha mixed into
top 300 mm, or 1.0 to 2.0 kg/m®).

Also consider other calcium-based
products such as dolomite, lime, or
various mine rock-dust by-products.

1 Refer to Chapter 4 for more information.

Donodt seed

il

directly a

The fact that the soil is dispersive does not
mean that it cannot support vegetation;
however, if it is a subsoil (which is likely),
then it is also likely to be poor in nutrients.

Do not try to directly seed an untreated
dispersive soil, because:

- the grass may grow, but

- the soil will 1
grass, and simply wash away.

k e

1 Treat the soil, or bury it, then plant!

Dondt pl adirectlyoo a dispersive
soil
91 Inflow chutes are areas of high flow

velocity, so an erosion-resistant surface
material is required, which often results in
the use of rock.

However, if the underlying soil is
dispersive, then electro-magnetic erosion
can occur under the rocks, which will
6di ssolved the soil

Treat the soil, or bury it, before placing
rocks (Note: the use of filter cloth can not
stop this problem).

Dondét place concrete

dispersive soil

1 Do not construct the following types of
gully head chutes directly over a
dispersive soil:

concrete chute

gabion drop structure

- rock mattress chute

- sandbag drop structures.

1 Treat the soil, or bury it, before building
any pervious or impervious structure.

C

© Catchments and Creeks Pty Ltd

February 2022

Page 60




Option 5: Stabilise the gully head and gully floor

B TR 5 - R Introduction

1 The sediment that passes down a gully
can originate from farm runoff, gully
migration, or the slumping of gully banks.

1 If your gully has minimal sediment flow,
then try to directly seed and stabilise the
gully floor.

91 If your gully has significant sediment flow,
then consider installing a series of silt
traps (leaky weirs) along the gully floor to:

- help raise the gully floor, and

- minimise downstream environmental
harm.

Gully floor treatment options
1 Gully floor stabilisation techniques:

- Brushwood filters: locally-obtained tree
branches and logs can be used to form
a leaky weir that traps sediment and
other organic matter.

- Gabion weirs: gabions may initially be
slightly porous, but sediment can
quickly turn them into impervious weirs.

- Geo log and wire netting silt trap weirs:
these are relatively low sediment traps
that can be durable for about a year.

- Hay bale and wire netting silt trap weirs:
these are relatively low sediment traps
that can be durable for about a month.

- Leaky weirs: this is a generic term that
refers to a pervious weir that is likely to
trap sand and silt-sized particles.

- Log weirs: these are generally very low,
or partially recessed weirs that primarily
act as minor grade control structures.

- Pile field: a pile field can be used in a
manner similar to an extremely well
anchored brushwood filter.

- Recessed check dams: a buried bed
control structure used to control future
bed scour or head-cut erosion.

- Rock check dams: a rock-based grade
control structure and sediment trap.

- Sandbag weirs: a minor grade control
structure and sediment trap.

- Stiff grass filters: a well-anchored
sediment trap (caution!).

- Structural weirs: an expensive grade
control structure and sediment trap.

- Wire netting silt trap weirs: a durable
and easy-to-make leaky weir that can
trap sediment and organic matter (e.g.
grass and branches).

© Catchments and Creeks Pty Ltd February 2022 Page 61




Examples of gully floor stabilisation

Rock check dam (Qld)

o

3 U -_ =
&aw &':Jﬁrf =

Stiff grass filter (Qld) Concrete weir (SA)

vy Sn
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Option 6: Full stabilisation i gully head, banks and floor
' Introduction

1 Ifitis not practical to backfill or re-profile
the entire gully (which is normally the
case), then the next best option is to
stabilise the gully in its current condition.

1 Stabilising the gully head, banks and gully
floor can be very expensive if the gully is
substantial in size, but may be economical
if the gully has only recently formed.

91 Full gully stabilisation is usually not
feasible in arid and semi-arid regions,

Fhoto sunpied by Ruesrmiend Hag ' unless the erosion is relatively new.
Re-profiled and vegetated gully (Qld)

Stabilisation of the gully banks

1 Stabilisation of the gully banks can utilise
the following techniques:

- hand seeding / hand planting

- hydro-seeding (applies just seed)
- hydro-mulching (seed and muich)
- brushing (a source of native seed).

1 Banks must be battered to a stable slope.

1 If the banks contain a dispersive soil, then
a layer of non-dispersive soil must be
placed over the dispersive soil before

Hydro-mulching (QId) revegetation.

Specialised techniques used to aid bank
revegetation

:."“ -I..';!" =), 5 P

1 Various techniques can be used to aid
bank revegetation, including:

- Erosion control blankets (used to
protect soils from raindrop impact and
excessive surface flows)

- Geo logs (used to help retain mulch on
steep slopes)

" e - Stiff grasses, e.g. Lomandra and
'y = Iniai o Vetiver grass, which can be used to
Photy S5z ed by Calcheedie & Craeha Pry L6 & stabilise sandy or slaking soils.

Stabilisation of lateral inflows

1 If there are locations along the banks
where concentrated flows enter the gully,
then stabilised drainage chutes (batter
chutes) need to be constructed.

1 Batter chute designs include:

- commercial batter chutes

- grass or reinforced grass chutes
- rock or grouted rock chutes

- gabion or rock mattress chutes

- tyre chutes filled with soil (vegetated) or
rocks.

L & el T A 5 A\
3 i )
0 supphot alchments & Croeks Py Lad N . ‘\,‘ 3

Commercial PVC batter chute (NSW)

© Catchments and Creeks Pty Ltd February 2022 Page 63




Examples of batter chutes located along gully banks

-
oy
0
» ‘0.‘

Overbank flow controls
may be required to direct inflows

PSS

10te supp Wby Carchwindis & Crocks Py |y

Stepped, gabion batter chute (Qld)
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Option 7: Re-profiling and/or backfilling the gully
Introduction
1 A full gully repair may consist of:
- partially backfilling the gully, or
- re-profiling a wide strip of land to form a
wide drainage swale.

1 Itis rare for a gully to be backfilled up to
the original height of the land.

1 Normally the outcome is a grassed
drainage swale (know
some communities), which may need to
be fenced to control livestock movement.

Partially backfilling of the gully

1 Partially backfilling can be achieved by:

- allowing gradual sediment collection
along the gully floor using either
impervious or leaky weirs

- importing soil sourced from other
locations on the farm

- pushing soil into the gully while
battering the gully banks.

1 Note; if the gully is to be revegetated, then
the imported soil must have suitable
chemical and organic properties.

Photo Stophed by Catchments & Creeks Pty Lad

Partially backfilled gully (SA)

Construction of a wide drainage swale

1 If the intention is to form a wide drainage
swale, then design issues include:

- avoid waterlogged conditions along the
invert (floor) of the swale that may turn
to mud via stock movement

- avoid placing single trees along the
floor of the swale that may cause
localised turbulence and scour holes

‘.).

v - g+ ) 3 2
" . ' :
: . I\ =% 1
ARG
s pLh -~ "‘~ L . ”
8 F SN0 R" : .‘l’d‘ o
v ; “ohly .

r - consider installing some recessed
check dams along the invert to prevent

the reformation of the gully.

~
]
Ut &3

Phioto sugiplied by Cichricnls & Crseks Piy Lt

Construction of a oO0dry

1 An alternative to the formation of a wide
drainage swale is the formation of a fully
vegetated channel (without a permanent
low-flow channel), which is sometimes
referred to as a dry creek bed.

1 These vegetated creek beds can:

- provide shade for livestock
- provide short-term watering holes
- act as wind breaks.
i } 1 Trees and shrubs can be used success-

Photo $ippied by Catthments & Creeks Py Lt fully in dry creek beds because of the

0Drydé creek bed reduced flow velocities.
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Re-profiling and/or backfilling the gully

Backfilling of gully and formation of a permanent drainage swale

15 Suppled by Catchmeats & Croeks Py Lig.

[ahs. - - e
Phioto supphed-by Calchmaents & Crowks Py L 3 ‘ T

Site 1 before rehabilitation (Qld)

Site 1 during rehabilitation (Qld)

- |
.

Photo suppiied by Catchments & Creeks Pty L

Site 2 during rehabilitation (QId)

Phaolg supphed By Bruce Carey

Site 3 after rehabilitation (Vic)
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Re-profiling and/or backfilling the gully
Backfilling a gully

1 The recommended steps for backfilling a
gully and the construction of a wide
drainage swale, are:

1. Confirm the existence, or absence of,
dispersive subsoils.

2. Complete all necessary solil testing to
determine soil amelioration rates in
order to achieve suitable conditions for
establishing new vegetation.

3. Look for opportunities to temporarily
divert flows away from the gully.

4. Strip and stockpile topsoil from the
footprint of the proposed swale.

5. If there is insufficient topsoil to
adequately cover the whole swale, then
either import more topsoil, or strip
additional subsoil and mix with gypsum
and compost to form a suitable
replacement topsoil.

6. Rip and fill the lateral branches first (i.e.
remove any evidence of lateral bank
erosion).

7. Rip along the sides of the gully (it is
always easier to move soil following
ripping).

8. Push fill into the gully, progressively,
compacting (sheepsfoot roller) each soil
|l ayer to a oOf i r mdf,
the soil is compacted to a hard
condition (as for road foundations), then
this could interfere with plant growth.

9. If the soil that is pushed into a gully is
dispersive, then such soil will be
susceptible to tunnel erosion if not
compacted; however, do not rely solely
on O0soil compactior
dispersion problems.

10. Re-spread the topsoil to completely
cover the gully.

11. Fertilise and seed with appropriate
vegetation.

12. Covering seeded soil with a light spread
of mulch will benefit germination and
reduce watering costs.

13. Where necessary, fence-off the area.

1 Gully filling is not necessarily
recommended in saline areasd the
existence of a gully may help to provide
drainage to the area, thereby assisting in
alleviating the salinity problem by lowering
the watertable.

Excavator
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Treatment measures to guard against future gully erosion

o 4

LS S Introduction

9 If significant time and money has been
spent stabilising a gully, then
consideration should be given to the
potential benefits of installing various
Oburiedd control me a
possibly control, or limit, any future gully
erosion issues.

1 A variety of measures can be applied to
the gully head, floor and banks.

Buried structures upstream of the gully
head

T The term 6check damb
structure that 6échec
stops) an erosion process.

1 The types of buried check dams that can
be placed upstream of a gully head
include:

- concrete cut-off trenches
- recessed rock check dams
- buried gabion walls (weirs).

Buried structures placed along the gully
floor

1 The types of buried check dams that can
be placed along the gully floor include:

recessed rock check dams
pile fields (installed across the gully)
buried log weirs (low gradient gullies).

1 Recessed rock check dams can be
installed at regular intervals along the gully
floor to act as a type of cut-off wall in the
event of a major storm, or if a secondary
head-cut forms on the gully floor.

Toe protection placed along gully banks

1 The types of toe protection that can be
placed along the toe of gully banks
include:

- rock protection

- pile fields (installed parallel with the toe
of the banks)

- catch fencing (or retard fencingd refer
to the Creek Erosion Field Guide).

9 Catch fencing can be used to protect the
toe of banks from scour, as well as to help
contain soil slumped from the banks.
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4. Managing Dispersive Soils
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Introduction
Introduction

1 The exposure of a dispersive soil adds to
the complexity of gully erosion, and more
importantly, it adds to the complexity of
possible stabilisation measures.

T Even though it is ¢cl
erosioné, the erosio
usually a combination of:

- electro-magnetic erosion
- raindrop impact erosion
- velocity-induced soil scour.

Identification of dispersive soils

1 The first step in dealing with dispersive
soils within a gully erosion setting is to be
able to identify the differences between:

- adispersive subsoll
- aslaking subsail

- atopsoil which has dispersive or
hardsetting qualities that may have
mixed with a dispersive subsoil during
past land management practices.

Treatment of dispersive soils

M Ithasbeensaidthat6t here ar e
soils, just poorly n

91 Dispersive soils have existed within our
landscape for millions of years, and they
can exist in a stable form.

1 If exposed, dispersive soils should be
either chemically treated (e.g. gypsum or
lime), or buried under a stable soil.

1 Heavily compacting a dispersive soil can
reduce the erosion potential, but could
also interfere with revegetation activities.

Burying dispersive soils

1 Intheir natural condition, dispersive soils
are al most al ways 0s

1 These subsoils can be exposed to
weathering as a result of over-stocking, or
the formation of a gully.

1 Dispersive soils should be buried under a
layer of non-dispersive soild even a layer
of non-dispersive subsoil will do.

1 The non-dispersive soil provides the ideal
filter conditions that prevents dispersive
clays from being washed from the soil.

6Capping6 of a dispe
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Identifying dispersive and slaking soils

Gully erosion W|th|n a slaking son (Qld)

Soil pH test

Dispersive soils

1 Dispersive soils are likely to be highly

unstable when wet, resulting in severe,
deep riflunigngdras® s
tunnel erosion, and/or gully erosion.

Soils with a hard setting surface, and a
high sodium content (sodic soils or
Sodosols) are very prone to erosion.

Slaking soils
1 Aslaking soil is a soil that readily breaks

down when wet, but lacks the dispersive
clays that would otherwise cause water to
become highly turbid.

In real terms, slaking soils behave in a
manner similar to dispersive soils, and as
such are commonly treated the same.

These soils are usually very sandy, low in
organic content, and are often found in
granite country.

Scour marks in the soil can be different
from those observed in a dispersive soil.

- Soil testing

1 Soil testing is generally required if:

- the gully invert is below 5 m AHD
(testing for acid sulfate soils)

- the gully has exposed soils that appear
to be dispersive

- the gully repair requires vegetation to
be established directly over a subsoil.

1 The exchangeable sodium percentage, or

the Emerson aggregate class, can be
used to identify dispersive or slaking soils.

ORGANIC MATTER S o Aggregate stability test
rgans Mater " .
SALINITY " - 1 Dispersive soils can be identified through
Elec 2l Conduciiv VI , . . .
e i ,i,c,fg 28 appropriate soil testing:
Sodium maikg 2% - i > 69
EXCHANGEABLE CATIONS exchangeable sodium percentage > 6%
Exchangesble iﬁd"m mm‘:?g g;; - Emerson aggregate classes 1 to 5, note
E ingeable Potassium mug/ : . A . . . .
Eunh , Calohim meg/100g 0.40 cla§s 1 indicates highly dispersive soill,
Eschangeabio Magnashim mag/100g 0.0 while classes 3(2), 3(1) and 5 have a
4ligeabie Aluminium meg/t00g Not Applicable H H H H
e e i B e i slight risk of dispersive problems.
Exchangeabie P P t % s N .
e e P 54 T Asimple field test such as the Aggregate
Exchangeatie Magnesium Percent % 254 Immersion Test (over page) can be used
Eachangeabies Aluminium Pereent % Nat Applicable H : B H
- B o o as a simple on-site indicator test.
. Magrasium Ratio 132

Laboratory soil analysis report
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Aggregate Immersion Test (a non-scientific field test)

2 A
.

ppiied by Catchments & Creeks Pty Lid
Slightly dispersive soil

&

)

-

ied by Catchments & Creeks Pty Lid
Non-dispersive, non-slaking soil

b > W ’
3 "af Q:: ":.-'"‘ % Tl

ied by Catchments & Creeks Pty Lid
Slaking soil

- ,;. )

gz
-

Aggregate Immersion Test

f

The Aggregate Immersion Test can be
used as an oOindicato

The test involves filling a dish with distilled
water (generally available at petrol
stations and supermarkets) to a depth
sufficient to cover the soil samples.

Several dry, hard clumps of soil are gently
placed in the water.

The water is then observed for colour
changes (after all the air has escaped).

Non-dispersive soil

il

=

=

If the water remains clear and the
boundary of the soil clumps remains
clearly defined, then the soil is likely to be
non-dispersive.

If the soil clumps are loose or otherwise
heavily disturbed, then the soil clumps will
likely separate into smaller pieces when
first placed into the waterd this does not
indicate that the soil is dispersive.

Air escaping from the soil can also cause
the clumps to fall apartd this also does not
indicate that the soil is dispersive.

Dispersive soils

il

If the water discolours both horizontally
and vertically around the soil samples,
then the soil could be dispersive.

Highly dispersive soils will collapse in less
than 10 minutes.

Caution: using tap, tank or groundwater
can sometimes mask the dispersive
reaction due to minerals and/or chemicals
in the water.

Slaking soils

1

Slaking soils are soils that readily collapse
in water, but do not necessarily cloud the
water.

If the water remains clear, and the clumps
completely collapse and spread
horizontally, then the soil could be a
slaking soil.

Slaking soils commonly occur within
regions containing granite rock.

These soils can be highly erodible,
especially if disturbed by pipe trenching.
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Visual identification of dispersive soils

Textured surfaces

91 Dispersive and slaking soils often display
textured patterns on those surfaces that
are not directly exposed to rainfall.

9 This textured pattern can result from
raindrop splash bouncing off adjacent soil
surfaces, or the result of light rainfall
falling directly on the soil.

9 The textured surface often looks similar to
the surface of a white ant nest.

'f’“'ﬁ"‘f’""g&f )
R ) o 3
- - ‘

Textured surface of eroded soil

Fluting

T 0Flutingd is a type
represented by a series of vertically
elongated grooves (flutes) that form down
the gully sides.

1 Indispersive or sodic soils, these rills are
normally deep, narrow and regularly
spaced across the slope.

1  When soils are dispersive, it is very
common for the rills to be significantly
deeper than they are wide.

Finl'n supplied by Cat o . ’ - Photo |AA:|pmuMC'dcmm!D“B;w!: Py L=
Flutmg erosion (Qld) Fluting and tunnel erosion (Qld)
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Visual identification of dispersive soils

Tunnel erosion

1 The existence of tunnel erosion is a
common indicator of dispersive or sodic
soils (a 6sodic soil
disperses due to excess sodium).

1 The outlets of these tunnels can often
appear like normal rills, but further
inspection should reveal the tunnel inlets
up-slope of the rills.

1 The inlets of the tunnels are often found
close to the top edge of the gully bank;
however, some tunnels can extend
several metres into the gully bank.

i by Catchments A Creeks Py Lt

Entry to a tunnel (Qld) Tunnel erosion along edge of gully (SA)

Deep rilling with near-vertical sides

1 When dispersive soils first erode, the
erosion is often (but not always) deeper
than it is wide, and the sides of the erosion
are often near-vertical.

1 However, it is noted that this form of
erosion can also exist if the soil has one or
more of the following attributes:

- slaking

- non-cohesive (sandy)

- poorly compacted

- very low in organic matter.

"

£ ot0 nugphnd by Catchtignii & Croe ke iy,

Lateral bank erosion (Qld) Deep rilling/gully erosion (SA)

3 & Crecks F "?
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Identification of dispersive and slaking soils on farmland
- -

. { O
oyl o SON

Deep rilling along drainage lines

, Photo sutphed by Catahemevts & Crohs Py Ll

Deep rill erosion on access tracks

4 Formation of soil pinnacles

T The formation of so
pebble on top) could mean that the soil is
dispersive or slaking; but in any case, the
soils are likely to be highly erodible.

1 Highly erodible soils include dispersive
soils and sandy soils (i.e. soils with poor
organic and/or clay binding properties).

1 The presence of soil pinnacles also
indicates that the immediate soil area has
not been subjected to high velocity flows,
which would otherwise have removed the
pinnacles.

Clean sand deposited on tracks and drains

1 Clean, washed sand deposited on the
base of drainage channels, or at the end
of drainage furrows, can indicate the
presence of dispersive soils.

1 If the sand has a colour significantly
different from the original soil (i.e. clean
white sand) then it is likely that the clay
fraction has been washed from the soil.

1 When dispersive s
particles quickly
6clayd particles.

o}
ow

Deep rilling within drains and gullies

1 The presence of dispersive soils usually
means that rills form with deep, near-
vertical sides.

1 Dispersive soils have an exchangeable
sodium percentage (ESP) above 6%.

1 The erosion process typically progresses
faster on newly disturbed soil surfaces
compared to age-hardened or compacted
soils.

Damage to unsealed access tracks

1 Deep rilling of access tracks is another
indicator of dispersive soils.

I Treatment of these soils is normally
achieved through the application of
gypsum or lime depending on the soil pH
(lime makes the soil more alkaline, while
gypsum is unlikely to alter the soil pH).

1 Grassing or rock lining the track surfaces
will not significantly reduce the risk of soil
erosion or road damage if the soil is not
treated appropriately.

I
a
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Treatment of dispersive soils

Y

Introduction
91 Likely properties of a dispersive soil:
- pH-often acid
- pH- can be alkaline
- low in calcium
- high in sodium
- can be high in magnesium
- sodicity (Ca and Na balance issue)
- low phosphorus
- possible high aluminium

- low carbon, low organic matter and low
microbial activity.

Providing the soil with a source of calcium

1 If dispersive soils exist on the site, then
look for a way to add calcium to the soil.

1 Saoil testing can be used to determine the
required application rate of gypsum (or
other), typically:

- 5to 10 t/ha mixed into top 300 mm, or
- 1.0to 2.0 kg/m>.
1 Other calcium-based products include

dolomite, lime, or various mine rock-dust
by-products, which wil

Correcting the soil fertility

1 Revegetation issues on these soils can
often be linked to:

- alack of soil testing
- insufficient application of gypsum
- gypsum not mixed well with the soil
- insufficient rainfall and time
- inadequate fertilisation
- inappropriate vegetation

AN R yiﬁ - the initial instability of the soil under the
Aolied by Cafchmonts & Croeks Py L. 2. Wt ®a growing vegetation.

Soil treatment (NSW)

Revegetation issues

f You candét revegetate
infertile.

1 Consider the use of green waste compost,
or composted crop waste.

1 Do not directly plant into an untreated, or
non-buried, dispersive soil.

91 Directly planting into a slaking soil can
result in deep rilling occurring between the
plants, which can ultimately undermine the
plants.

1 Test for salinity if revegetating subsoils.

Grassing of a slaking soil (QId)
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Burying dispersive soils

Removed soll

Soil removal, treatment & replacement

Covering dispersive soils with non-
dispersive soil

1 One treatment option is to cover any
dispersive soil with a layer of non-
dispersive soil prior to the placement of
the final scour protection.

1 The recommended thickness of this cover
layer depends on the site conditions:

- 200 mm for flat land not subjected to
ongoing disturbances, and under batter
chutes

- 300 mm for gully banks.

Sealing dispersive soils with topsaoil

1 If a plentiful supply of natural topsoil exists
on the site, then this should be used to
cover the gully banks prior to revegetation.

1 Natural topsoil is more likely to contain
levels of organic carbon, essential
nutrients and microbial activity to support
effective plant growth.

Making a non-dispersive soil from in-situ
soils

1 Non-dispersive soil can be imported onto
a site; BUT, importing soils can create
new problems, including:

- importing weed seed with the soil
- importing fire ants
- added cost.

1 Alternatively, a non-dispersive soil can be
made from an existing dispersive soil
through the addition of gypsum or lime
(depending on the soil pH).

Achieving a well-mixed soil

1 Chemical treatments such as gypsum or
lime cannot be just spread over the
surface of the soild good mixing is
required.

1 Gully rehabilitation should hopefully
provide the opportunity for:

- the removal of soil from the gully banks
in order to suitably batter the banks

- mixing the removed soil with gypsum

- placing this treated soil over the banks
prior to revegetation.
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Treatment of tunnel erosion
o i

Introduction

1 The repair of tunnel erosion is a difficult
exercise, and the first approach should be:

- to seek expert advice from a soil
scientist.

1 Treatment options are generally limited to:

- excavating the tunnel, then treating the
site the same as discussed for lateral
bank erosion.

1 Some cheaper solutions can be trialed,
but long-term success is usually limited
with the tunnels often reforming.

Redirection of stormwater runoff

FIOW 1 Possibly the cheapest solution is to collect
diversion all stormwater runoff as it moves towards
RS the tunnel erosion, then direct this water
. bank towards a stabilised batter chute (thus
: bypassing the tunnel erosion).

1 Stormwater runoff can be collected by
using either:

- excavated catch drain (generally not
recommended if the land is prone to
tunnel erosion)

- forming raised flow diversion banks.

Problems associated with filling tunnels
with a gypsum slurry

1 For minor tunnel erosion, a gypsum-clay
slurry can be poured down the tunnel in
order to seal the tunnel; however:

- the gypsum will only treat the soil that
comes in direct contact with the slurry

- which means the tunnel can simply
reform in another direction!!!

1 If the outlet of the tunnel can be found,
then it can be plugged with a mix of
gypsum, clay and organic matter.

Problems associated with sealing the
entrance or exit of tunnels

T Attempting to O6seal 6
unlikely to be successful in the long-term,
so the preferred option is to:

- direct stormwater away from the tunnel
- excavate the tunnel and then stabilise.

1 Ifthe inlet or outlet of a tunnel is sealed,
then groundwater flows are likely to
reactivate the tunnel erosion in another

, : locationd and the problem continues!

Phato.sugpiied by Calr‘*ﬂwns A Crooks Py

Outlet of atunnel near a creek (Qld)
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Common problems associated with dispersive soils

Failure of rock protection

1 Rock stabilisation is normally used in
response to a bank scour, or flow velocity
issue.

1 However, if the gully erosion exposes a
dispersive subsoil, then the bank is now
experiencing two forms of erosion: bank
scour, and soil dispersion.

1 Rock should not be placed directly over
such soils, otherwise tunnel erosion will
likely occur under the rocks.

Problems associated with the direct
seeding of dispersive soils

1 Plants, including grasses, can grow in a
di spersive soil,
root system to hold the soil in place
because the clay particles will continue to
wash away leaving behind just a loose,
sandy soil.

1 Itis noted that in their natural state, these
soils are always subsoils, not topsoil.

1 Do not directly seed a dispersive soil; bury
it, then seed the topsoil!

Problems associated with the stabilisation
of dispersive soils using rock mattresses

i Gabions and rock mattresses should not
be placed directly over a dispersive soil.

1 Dispersive or slaking soils must first be
covered with a non-dispersive soil, before
placement of the filter cloth (if required),
then construction of the gabion structure.

1 The placement of filter cloth under the
gabions or rock mattresses will not
prevent the occurrence of tunnel erosion.

Undermining of bank vegetation

1 Itis true that a root system can be used to
strengthen and stabilise a gully bank, but
pl ant roots cannot

91 Dispersive soils effectively turn to a slurry
when wet, which allows the clay particles
to wash from the soil.

1 Once the clay component has been
washed from a soil, what is left behind is a
sandy soil that most root systems fail to
hold in place.

but

)
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5. Flow Diversion Systems
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Introduction

Introduction
1 Diverting flow away from a gully can:
- slow the migration/growth of the gully

- reduce hydraulic stresses on newly
established gully repairs

- allow time for a moderate amount of
vegetation (grass) to establish over a
newly constructed rock chute (which
can enhance the strength of the chute).

1 Discussion on catchment hydrology is
provided in Chapter 7 (in Part 2).

7’;‘

Flow diversion bank and log (Qld)

Use flow diversion systems

Flow diversion bank ) )
1 Flow diversion systems can be used to:

- slow the growth of the gully

- stop a gully from undermining an
adjacent roadway

- allow the off-line construction and
stabilisation of a rock chute

- divert flows to a more stable location
along the gully

- divert flows to a more stable location
within the valley.

Design issues associated with flow
diversion systems

1 Design issues include:
- choice of design storm
- choice of release point

- choice of freeboard applied to the
height of the flow diversion bank

- choice of the allowable flow velocity,
and the flow depth within the drain

- the risk of damage to flow diversion
banks caused by livestock.

Discharging flows in a stable manner

1 Drainage channels need to release water
in a non-erosive manner, such as
discharging to:

- astable drainage chute
- alevel spreader, which converts
concentrated flow to sheet flow.
1 Level spreaders can be formed from:
. _ ) - earth banks (standard designs exist)
L ; \"; N ] e - recessed log weirs.
S e

Recessed log level spreader (Qld)
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The hydraulics of shallow, grass-lined swales

W‘— ' Open channel hydraulics

1 The following discussion is presented for
the benefit of drainage engineers and
drainage designersd others are free to
skip this page if they wish.

1 The size of any drainage structure
depends on the nomibn

1 Itis traditional for the 1 in 10 year storm to
be used in the design of farm drains;
‘ ‘ however, some guidelines recommend the
: EA BT ol ) e 1 in 20 year event for works associated
Proto sppphed ey Calchmphit & Cipaki P L ) ' with gully repairs.
Shallow drainage swale (NSW)

Use of Manningds Equat

1 Ma n n b eqgafion is useful in
determining the overall size of a channel,
but for wide, shallow drains, it is not useful
for calculating the maximum flow velocity.

Q=(1Mm)A.R*®.s™
Q = discharge (m?/s)
n = Manningds roughn
A = cross-sectional area of flow (m?)
R = hydraulic radius (m) = A/P
P = wetted perimeter of flow (m)
S = channel slope (m/m)

Cross-section of a channel

Maximum flow velocity

1 For wide, shallow drains (T much greater
f Dverall width ot the swels ] than Y) the critical design factor is the

allowable flow velocity, which protects the

I .. Top width of water surface (T) |
channel (swale) floor from scour damage.

| {— Freeboard ‘ f Instead of using the

2 2 ¢ simplified 2-dimensional equation should

be used to determine the maximum flow

velocity at the centre of the swale.

Vinax = (1/n) Y23 . 512

Vimax = maximum flow velocity (m/s)
Y = maximum water depth in swale (m)

Channel terminology

Background to tables 5.1, 5.2 & 5.3
Parabolic (U-shaped) swale

Surface condition: 50-150 mm grass
Flow area: A=0.67 T.Y

T = top width of the water flow

Swale centre: n = 0.027 + 0.00534/(VY) **
Centre velocity: Viay = (1/n) Y %3, 512

S = swale slope (m/m) = (% slope/100)
Full swale: n = 0.027 + 0.00663/(V.Y) **
Full swale: R = (2T 2.Y)/(3T % + 8Y 9

Full swale: Q = (1/n) A. R*3. 512

1 Overall width of the swale |

( Width (T) |

Freeboard

=A =4 =4 4 4 -4 A -5 -4 -2

Parabolic swale (not to scale)
Parabolic swale (distorted vertical scale)
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Flow capacity of a grass-lined drainage swale

Table 5.11 Poor grass cover on erosion-prone soil (allowable velocity = 1.0 m/s)

Slope Assume_d Water Total allowable discharge, Q (m?®/s)

Manni n depth Width Width Width Width Width Width
(%) n (m) 2m 4m 6m 8m 10m 20m
0.2 0.036 0.67 0.544 1.24 1.90 2.56 3.21 6.47
0.4 0.039 0.44 0.391 0.831 1.26 1.69 2.11 4.24
0.6 0.041 0.35 0.317 0.659 0.996 1.33 1.67 3.34
0.8 0.043 0.30 0.272 0.560 0.845 1.13 1.41 2.83
1.0 0.045 0.27 0.242 0.494 0.745 0.995 1.24 2.49
2.0 0.051 0.18 0.166 0.337 0.506 0.675 0.844 1.69
4.0 0.058 0.13 0.114 0.228 0.343 0.458 0.572 1.14
6.0 0.063 0.10 0.090 0.180 0.271 0.361 0.452 0.903
10 0.071 0.08 0.066 0.132 0.197 0.263 0.329 0.658
20 0.086 0.05 0.040 0.081 0.122 0.162 0.203 0.405

Table 5.2'1 Poor grass cover on erosion-resistant soil, or good grass cover on erosion-

prone soil (allowable velocity = 1.5 m/s)

Slope Assume_d Water Total allowable discharge, Q (m%s)
Manni n depth Width Width Width Width Width Width
(%) n (m) 2m 4m 6m 8m 10m 20m
0.2 0.032 1.05 1.08 2.78 4.43 6.04 7.63 15.5
0.4 0.034 0.67 0.827 1.88 2.89 3.89 4.89 9.83
0.6 0.035 0.52 0.680 1.48 2.25 3.02 3.78 7.59
0.8 0.036 0.44 0.585 1.24 1.88 2.52 3.16 6.34
1.0 0.037 0.38 0.519 1.09 1.65 2.20 2.75 5.52
2.0 0.041 0.26 0.354 0.723 1.09 1.45 1.82 3.64
4.0 0.045 0.17 0.241 0.487 0.732 0.976 1.22 2.44
6.0 0.048 0.14 0.193 0.388 0.583 0.778 0.972 1.94
10 0.053 0.11 0.146 0.292 0.439 0.585 0.731 1.46
20 0.061 0.07 0.098 0.197 0.296 0.394 0.493 0.986
Table 5.317 Good grass cover on erosion-resistant soil (allowable velocity = 2.0 m/s)
Slope Assume_d Water Total allowable discharge, Q (m?s)
Manni n depth Width Width Width Width Width Width
(%) n (m) 2m 4m 6m 8m 10m 20m
0.2 0.030 1.50 1.63 4.85 8.12 11.3 14.4 30.0
0.4 0.031 0.94 1.37 3.40 5.36 7.27 9.17 18.5
0.6 0.032 0.72 1.16 2.68 4.15 5.59 7.02 14.1
0.8 0.033 0.60 1.02 2.25 3.45 4.64 5.82 11.7
1.0 0.033 0.52 0.908 1.97 3.00 4.02 5.04 10.1
2.0 0.036 0.34 0.620 1.29 1.94 2.60 3.25 6.51
4.0 0.039 0.22 0.417 0.848 1.28 1.70 2.13 4.26
6.0 0.041 0.18 0.331 0.669 1.01 1.34 1.68 3.36
10 0.045 0.13 0.248 0.500 0.750 1.00 1.25 2.50
20 0.051 0.09 0.169 0.339 0.509 0.68 0.85 1.70
Notes: The swale is parabolic in cross-section (ie.U-s haped) . The O6wat er wdterp

depth at the centre of the swale. The overall depth of the swale would depend on the specified freeboard.
t hwater suofgre (el ndttthie ovérdll widtlo df thet chamnel).

The

owi dt ho
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h

© Catchments and Creeks Pty Ltd

February 2022

Page 83

t

he



Flow diversion options

Directing flows to a stable gully head chute

1 Flow diversion systems can be used to
direct flows towards a stable inflow point
at the gully head.

Stable gully head chute

Directing flows to inflow chutes located
along the gully banks

1 Itis noted that stable inflow points may
also exist along the sides of the gully.

1 This option can also be used as a
temporary measure during the
rehabilitation of the gully head.

Directing flows directly to a receiving
waterway

1 Diverting flows directly to a receiving
waterway (creek) may allow the whole
gully to be rehabilitated without significant
inflows that may otherwise cause bank
erosion.

Stable waterway batter chutes
Directing flows to an alternative flow path

91 If the landscape is generally flat, then it
may be possible to direct flows into an

~

adjacent O6stabled ov

1 Alevel spreader may be positioned at the
end of these diversion drains/banks to
spread and release the water as sheet
flow.

Directing flows out of the catchment

© Catchments and Creeks Pty Ltd February 2022 Page 84



Types of flow diversion systems

Catch-bank (WA)

Compact, mixed-soil bank,
treated as required to

Topsoil  ontrol any dispersion risk

|

Back-push bank (not to scale)

Flow diversion log (QId)

Catch-banks

1 A catch-bank is formed by pushing soil
down the slope to form both:
- an up-slope channel (a catch drain)
- adown-slope flow diversion bank.

1 The advantage of this type of drain

construction is the increased flow capacity
relative-pushabam&dk

1 The disadvantage of this type of drain is
that the invert (base) of the drain can exist
within an unstable subsoil.

Back-push banks

1 Back-push banks are formed by pushing
topsoil up a slope to form a flow diversion
bank.

9 If the subsoils are known to be dispersive
(which is likely if a gully has formed
nearby), then it can be unwise to construct
a t r a ddatthrboamakl 6 . 6

1 This type of drainage construction ensures
that the diverted water flows on land that
is largely undisturbed and resistant to
erosion (i.e. non-dispersive).

Flow diversion banks

1 Flow diversion banks can also be formed
from soil excavated from another location
on the property.

1 Flow diversion banks can be formed from
soil excavated from:

- aborrow pit
- expansion or de-silting of a dam
- battering of the gully banks.
1 If the excavated soil is dispersive, then it

must be mixed with gypsum/lime prior to
formation of the bank.

Other types of flow diversion systems
1 Flow diversion banks can be formed from
a variety of materials, including:
- logs
- straw bales (short-term use)
- brushwood tightly bound with wire
- car tyres filled with earth
- geo logs (short-term use).
1 All grass-lined drains share a common
feature, which is a maximum allowable

flow depth based solely on drain slope and
grass strength (see over page).
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Maximum allowable water depth in wide, shallow channels

The following table provides the maximum allowable flow depth (Y) in drainage channels (of any
profile, rectangular, V-shaped, U-shaped) so long as the top width of the flow (T) is significantly
greater than the flow depth (i.e. T > 5Y).

Table 5.4 7 Maximum allowable flow depth in a wide, shallow grassed swale

Allowable flow velocity over grassed surface
Slope of drain 1m/s 1.5m/s 1.8 m/s 2m/s

Grade % Degrees Y max (M) Y max (M) Y max (M) Y max (M)
1in 1000 0.1 0.06 1.03 1.67 212 2.44
1in 500 0.2 0.11 0.67 1.05 1.31 1.50
0.3 0.17 0.53 0.81 1.00 1.14
1in 250 0.4 0.23 0.44 0.67 0.83 0.94
1in 200 0.5 0.29 0.39 0.58 0.72 0.81
0.6 0.34 0.35 0.52 0.64 0.72
0.7 0.40 0.32 0.47 0.58 0.65
0.8 0.46 0.30 0.44 0.53 0.60
0.9 0.52 0.28 0.41 0.49 0.55
1in 100 1 0.57 0.27 0.38 0.46 0.52
1in 50 2 1.15 0.19 0.26 0.30 0.34
3 1.72 0.15 0.20 0.24 0.26
1in 25 4 2.29 0.13 0.17 0.20 0.22
1in 20 5 2.86 0.12 0.15 0.18 0.20
6 3.43 0.11 0.14 0.16 0.18
7 4.00 0.10 0.13 0.15 0.16
8 4.57 0.09 0.12 0.14 0.15
9 5.14 0.09 0.11 0.13 0.14
lin 10 10 5.71 0.08 0.11 0.12 0.13
1lin 6 16.7 9.46 0.07 0.08 0.09 0.10
lin5 20 11.3 0.06 0.08 0.09 0.09
lin4 25 14.0 0.06 0.07 0.08 0.08
1lin3 33.3 18.4 0.05 0.06 0.07 0.07
1lin 2.5 40 21.8 0.05 0.06 0.06 0.07
lin2 50 26.6 0.04 0.05 0.06 0.06

Notes:

This analysis is based on a grass-lined channel with grass height of 50 to 150 mm.

Adopt an allowable flow velocity of 1.0 m/s for poor grass cover over a weak (erosion prone, but
not dispersive) soil.

Adopt an allowable flow velocity of 1.5 m/s for poor grass cover over a strong (erosion resistant)
soil, or good grass cover over a weak (erosion prone, but not dispersive) soil.

Adopt an allowable flow velocity of 1.8 m/s for good grass cover over a medium-strength soil.

Adopt an allowable flow velocity of 2.0 m/s for good grass cover over an erosion-resistant soil.
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6. Treatment of Gully Erosion and
Technique Selection
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Introduction
The gullydesbsyoni inwery similar to most pr

1 the industry utilises the expert knowledge of several different professions; specifically, soil
science, water engineering, site revegetation, and land management; and

1 the advice you are given on how best to manage your gully erosion will most likely focus on
those issues that are most closely related to the profession or business interests of the
person giving the advice (i.e. normal human behaviour).

If you read a guideline on gully erosion that has been prepared by a university, then you
shoul dnét be surprised to find that one of t
money needs to be spent studying gully erosion.

Similarly, people that sell gabions will likely focus their recommendations on the use of gabions,
water engineers will likely have you building flow diversion structures, soil scientists will have

you adding tons of gypsum to the soil, revegetation contractors will have you reconstructing the
riparian zone, and farm management consultants will have you changing the layout of your
farm. And all of this is |ikely to be édgooda§

So, if the author of this gully erosion field guide (who happens to be a water engineer), is telling
you that the issue that should dominate your decision-making process for the rehabilitation of a
gully is the soil science, then you should take notice of this advice.

Water management may cause the soil erosion, and vegetation may ultimately provide
the long-term erosion control, but both the water engineering and the site revegetation
will ultimately fail if the underlying soil remains unstable.

The importance of soil management is reflected in both our understanding of the mechanics of
gully erosion, and in our recommendations on how best to treat gully erosion.

However, this does not mean that every aspect of gully erosion is driven by soil chemistry. The
discussion presented in Chapter 1 demonstrates that some aspects of gully erosion are
dominated by water velocity, while other aspects can be dominated by the choice of vegetation.

Understanding the mechanics of gully erosion is important for the following reasons:
1 most gully erosion problems incorporate soil issues, water issues, and vegetation issues

T the fact that t he mtmedn thatshe guilyissqgh aso expeviemdng d o e
hydraulic issues, or that the soil has, or does not have, soil fertility issues

soil issues need soil-based solutions
water issues need water-based solutions
vegetation issues need plant-based solutions

= =4 -4 -2

if your gully has soil, water and vegetation issues, then you will need a rehabilitation
program that incorporates multiple activities.

In gully erosion, a soil problem usually cannot be solved by simply slowing the water
velocity, or covering the soil with grass. You solve a soil problem by appropriately
managing the soil chemistry and/or soil structure.

The truth is that the treatment of gully erosion usually involves a bit of everything. This means
that the ideal team of people to investigate your gully erosion will likely include at least one
person from the professions of soil, water, vegetation, and land management.

The focus of this chapter is on the treatment of gully erosion that has, in part, been caused by
the exposure of a dispersive soil. If the soil is not dispersive, then water and vegetation issues
will likely dominate, and the repair of the gully erosion will be more closely aligned with the
repair of creek erosion (which is discussed
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An overview of technique selection
Introduction

1 Chapter 3 provides discussion on gully
treatment options based on different levels
of cost and complexity.

1 The following pages provide an overview
of how best to approach the treatment of
gully erosion based on some key site and
catchment conditions.

Decision making
Does the gully present a threat to the
property?

1 If the gully does not present a threat to the
property or surrounding assets (such as
an adjacent roadway), then:

- if the gully is showing signs of self
repair, then a do nothing approach may
be appropriate

- if the gully is unstable and unlikely to
show signs of dédnat.

";; for ways of helping the gully to move
| towards a state of self repair.

vl i

Sites where the gully erosion is causing
problems within the property

1 If the threat results from the migration of
the gully head, then:

- divert flows to another inflow point, or
- construct a gully head inflow chute.

1 If the threat results from the lateral
movement of the gully banks, then:
- revegetate the gully banks, and/or

- stabilise the toe of the banks (possibly
by stabilising the gully floor).

Does the gully erosion present a threat to
downstream environments?

1 These threats are normally linked to the
release of clay-sized particles from the
gully in the form of highly turbid water.

1 The focus of the gully repair should be on:
- preventing raindrop impact erosion
- covering all dispersive soils with topsoil
- covering all topsoil with mulch or grass

- using leaky weirs to help trap sediment
on the gully floor.

Sediment plume (QId)
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An overview of technique selection

.
o

Photo supghied by Catchments & Creeks Pty Lid

Gully erosion (SA)

The exposed soils are not dispersive

1 If the soil within the gully is not dispersive,
and the gully is showing signs of self
repair then:

- buy yourself a lottery ticket!
- consider the do nothing approach.

91 If the gully head remains unstable, then:
- consider the diversion of flows, or
- consider the value of a drop structure.

1 If the gully banks remain unstable, then:
- batter and revegetate the banks.

Dispersive soils exist within the gully

1 If the gully erosion has exposed some
dispersive subsaoils, then:

- cover the dispersive soil with topsoil

- stabilise the topsoil with vegetation.
1 If the gully banks have eroded to form a

near-vertical bank, then:

- cut-back (batter) the banks

- mix the removed soil with gypsum and
organic matter, then replace it over the
banks, or

- cover the banks with topsoil & plants.
The gully is showing signs that it is likely
to repair itself naturally

T AI'l gullies will -eve
selves, but at what cost to the land, and in
what time frame.

1 If there is no threat to the property, then
consider the do nothing approach.

1 Ifthere is a threat to the property, then
look for ways of helping the gully to move
towards a state of self repair.

9 If there is an environmental risk, and if
funding is available, then actively trap
sediment and repair the gully.

The gully shows no sign of natural repair
1 If the gully head remains unstable, then:
- consider the diversion of flows, or

- consider the value of a drop structure.

1 If the gully banks remains unstable, then:
- batter and revegetate the banks.
91 If the gully floor remains unstable, then:

- consider recessed check dams if
sediment flow is minimal, or

- consider leaky weirs if there is
significant sediment flow.
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An overview of technique selection

Is secondary head-cut erosion occurring
along the gully floor?

T Ifthe gully floor cont
through a process of secondary head-cut
erosion, then:

- if the gully floor is steep, then stabilising
the gully floor should take priority over
stabilisation of the gully banks

- if the gully floor has a mild gradient,
then try to revegetate the gully floor.

1 These secondary head-cuts can be
stabilised as if they are mini gully heads.

e e
Ongoing gully floor erosion (Qld)

There is a minimal flow of sediment along
the gully floor

1 Sediment can pass down a gully as a
result of farm runoff, migration of the gully
head, or slumping of the gully banks.

1 If your gully has minimal sediment flow,
then minimal benefit will be gained by
capturing this sediment within the gully.

1 The focus should be on:
- stabilising the gully floor with recessed
check dams instead of leaky weirs, and
- gully floor revegetation.

Soil slumped from the gully banks is being
washed away

1 If the soil slumped from the gully banks is
continually being washed away by storm
flows, then the banks are likely to retain a
near-vertical profile.

1 The focus should be on retaining this
slumped material, and battering the gully
banks; therefore, consider using:

- toe protection
- catch fencing (a type of toe protection)
- leaky weirs along the gully floor.

There is significant sediment movement
down the gully

1 If there is significant sediment movement
along the gully, which is common if the
gully is growing, then consider using:

- leaky weirs along the gully floor, or

- investigate the viability of stiff grass
filters on the gully floor (be careful).

T I't is only feasible
0siltd particl es-sizeah
particles will only be captured by large

: water bodies located downstream of the

Concrete weir filled with sediment (SA) gully.
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An overview of technique selection

Gullies less than 1 m deep

1 Consider the following gully head

o
— ; «5

treatments:

- Butyl rubber chute

- Grass chute

- High density stock grazing
- PVC (formless) chute

- Timber drop structure.

1 Note that not all techniques are viable in
all circumstances.

Gullies less than 3 m deep

1 Consider the following gully head
treatments:
- Concrete block drop structure
- Concrete chute
- Concrete cut-off trench
- Concrete drop structure
- Concrete sandbag drop structure
- Gabion drop structure
- Grass chute (technically possible)
- Grouted boulder chute
- Grouted rock drop structure
- Gully control dam
- Gully reshaping
- Reinforced grass chute
- Rock chute
- Rock mattress chute
- Sandbag chute
- Sandbag drop structure
- Stiff grass chute (caution)
- Soil-cement drop structure
- Stacked boulder drop structure
- Steel sheet drop structure
- Tyre chute.

Gullies more than 3 m deep
1 Consider the following gully head
treatments:

- Commercial drainage chutes (typically
used on road batters)

- Corrugated iron chute
- Geotextile chute
- Reinforced grass chute
- Rock mattress chute (spillway)
: 3 &7 - Stepped drop structure (concrete or
A . gabion)

i el i, - - Verandah flume (caution).
Deep gully erosion (SA)
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Table 6.1 7 Ranking of gully head stabilisation techniques based on cost and

likely long-term stability

Ranking based on likely cost

Ranking based on likelihood of long-

term success

High density stock grazing (cheapest)

Gully reshaping (likely best outcome)

PVC chute

Gully control dam

Geotextile chute

Concrete drop structure

Corrugated iron chute

Cement block drop structure

Grass chute

Gabion drop structure

Stiff grass chute

Steel sheet drop structure

Butyl rubber chute

Stepped drop structure

Sandbag chute

Concrete chute

Concrete cut-off trench

Concrete sandbag drop structure

Verandah flume

Grouted boulder chute

Steel sheet drop structure

Grouted rock drop structure

Timber drop structure

Rock mattress chute

Sandbag drop structure

Stacked boulder drop structure

Concrete sandbag drop structure

Tyre chute

Reinforced grass chute

Rock chute

Concrete chute

Reinforced grass chute

Rock chute

Stiff grass chute

Tyre chute

Grass chute

Stacked boulder drop structure

Sandbag drop structure

Gully control dam

Sandbag chute

Soil-cement drop structure

Timber drop structure

Grouted boulder chute

High density stock grazing

Cement block drop structure

Soil-cement drop structure

Grouted rock drop structure

Butyl rubber chute

Concrete drop structure

PVC chute

Stepped drop structure

Corrugated iron chute

Rock mattress chute

Geotextile chute

Gabion drop structure

Verandah flume

Gully reshaping (likely most expensive)

Concrete cut-off trench (high risk)

Note: This is only an estimate. The actual ranking will be site-specific, and will depend on the
site conditions, cost of supplying materials to the site, and the depth of the gully. Not all of the
listed techniques will be viable in all circumstances.

Discussion on the design of each of these techniques in provided in Part 2 of this field guide.
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Table 6.2 7 Ranking of gully bank stabilisation techniques based on cost and

likely long-term stability

Ranking based on likely cost

Ranking based on likelihood of long-
term success

Stock tramping and grazing (low cost)

Gully reshaping (with revegetation)

Erosion control blankets (without revegetation)

Vegetated rock stabilisation

Toe stabilisation

Benching (with revegetation)

Catch fencing (retard fencing)

Stiff grass revegetation

Battering and revegetation

Erosion control blankets (with revegetation)

Stiff grass revegetation

Battering and revegetation

Brushing (with revegetation)

Rock beaching (without revegetation)

Geo logs (with revegetation)

Pile field (toe protection)

Erosion control blankets (with revegetation)

Brushing (with revegetation)

Benching (with revegetation)

Toe stabilisation

Pile field (toe protection)

Catch fencing (retard fencing)

Rock beaching (without revegetation)

Erosion control blankets (without revegetation)

Vegetated rock stabilisation

Geo logs (with revegetation)

Gully reshaping with revegetation (expensive)

Stock tramping and grazing (risky option if
soils are dispersive)

Table 6.3 7 Ranking of gully floor stabilisation techniques based on cost and

likely long-term stability ™

Ranking based on likely cost

Ranking based on likelihood of long-
term success

Log weirs (low cost)

Partial gully filling (can be very successful)

Brushwood filters

Structural weirs

Sandbag weirs

Gabion weirs

Stiff grass filters

Stiff grass filters

Hay bale and wire netting silt trap weirs

Vegetated gully floor

Wire netting silt trap weirs

Leaky weirs

Leaky weirs

Geo log and wire netting silt trap weirs

Porous check dams

Wire netting silt trap weirs

Rock check dams

Hay bale and wire netting silt trap weirs

Geo log and wire netting silt trap weirs

Rock check dams

Vegetated gully floor

Porous check dams

Recessed check dams

Recessed check dams

Gabion weirs

Log weirs

Partial gully filling

Sandbag weirs

Pile field

Brushwood filters

Structural weirs (high cost)

Pile field (high risk if gully floor is unstable)

Note: [1] This is an estimate only. The actual ranking will be site-specific, and will depend on the
site conditions, cost of supplying materials to the site, and the depth of the gully. Not all

techniques will be viable in all circumstances.
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6.1 Roadside (table drain) gullies

6.1 Roadside Gullies

Description

1 A table drain is an open drain formed
along the side of a road where the road
embankment forms one side of the drain.

1 These drains carry stormwater runoff
away from the roadway, as well as helping
to drain groundwater away from the road
foundations.

1 Excessive flow velocities, or the exposure
of dispersive subsoils, can result in severe
scour along these drains, possibly leading
to the formation of gully erosion.

Table drain gully erosion (Qld)

’ v "!-

Gully erosion along a roadside table drain (QId)
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Treatment of roadside gully erosion

The repair of roadside gullies does not necessarily follow the same procedures as
recommended for your typical o6élinearo6 gull
elements, particularly with regards to soil stabilisation and revegetation.

There are various options for the repair of table drains, with the cost of the repair
generally increasing with the design complexity, and with the likelihood that the design
will provide successful long-term outcomes.

Dosand Dsonodt
If the exposed soil is dispersive or slaking, then:

1 Donionnstall any form of weir st r uetytocause,
water to pool within the table drain. If water is retained in the drain for long periods,
then this water can cause the dispersive soils within the table drain to slump or
erode, which may cause damage to the r

All circumstances:

1 Do nplate weir-like structures within a table drain if these structures are likely to
reduce the drainbés fl ow capac iototherwisethio w
may result in unacceptable flooding of the roadway, or the diversion of flows into an
adjacent property.

1 If a weir-like structure (e.g. a check dam) is placed within a table drain such that the
downstream check dam is not appropriately positioned to back-water up to the
immediate upstream check dam, then an appropriate scour pad (or similar) should
be installed downstream of each check dam to prevent the formation of a scour
hole (refer to the diagram presentedover-p age under the headf{

If the exposed soil is not dispersive, and the erosion is solely the result of
excessive flow velocities, then:

1. Look for opportunities to divert flows out of the drain in order to reduce the total
flow, and thus the likely maximum flow velocity.

2. Either import soil to backfill the erosion, or grade the entire table drain to produce a
uniform channel gradient along the drain.

3. Consider replacing the current surface lining of the drain with a stronger material,
i.e. replace grass with rock, or replace rock-lining with a concrete invert.

4. Only consider the installation of mini drop structures (grade control structures)
within the table drain as a last option. These structures can represent a safety
hazard to road users.

If the exposed soils are dispersive, then:

1. Ideally; sufficient soil should be excavated from the table drain to allow this soil to
be suitably treated (e.g. mixed with gypsum at 1.0 to 2.0 kg/m?), well mixed, then
placed back into the table drain at a thickness of 300 mm. Where necessary, this
treated soil layer would be covered with a layer of organically-rich topsoil, then
grassed.

2. Alternatively; imported non-dispersive soil and/or topsoil can be used to cover the
re-profiled in-situ dispersive subsoil. Imported soils, even purchased topsoil, should
be tested for its soil dispersion properties.

3. Considerationshouldbe gi ven to the installati on
along the table drain. If the subsoils are dispersive, then ensure that all voids within
the recessed check dams are filled with non-dispersive soil as the rocks are being
placed within the trenches.
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Roadside gullies 1 Possible treatment techniques

Stabilisation of the gully head

1 It may not be appropriate to stabilise (i.e.
retain) a o6gully hea
adjacent to a public roadd safety issues
are likely to dictate a better solution.

1 The most likely outcome is the re-profiling
of the table drain to remove any gully
erosion.

1 If circumstances allow the stabilisation of a
gully head (i.e. head-cut erosion), then the
treatment options could include:

-WUWM ks Pkt = e - concrete block drop structure
Concrete invert (NSW) - concrete chute

I - concrete sandbag drop structure
- geotextile chute

- grass chute

- gully reshaping

- reinforced grass chute

- rock chute

- soil-cement drop structure

- tyre chute.

1 Asignificant gully head can be replaced

. by a short, low-gradient chute, usually

Eholp stgpted oy Spighiicats & Crouks Pry LK formed from rocks or concrete.
Re-profiling of a table drain (Qld)

Stabilisation of a non-dispersive soil

1 Possible treatment options include:
- concrete invert
- erosion control mats
- grassed invert (including turfing)
- leaky weirs
- log weirs
- recessed check dams
- re-profile and revegetate
- rock check dams
- rock lining of the drain
- vegetated rock lining.

Pholo suopinadt by Catéhmet &f;qm Pyt
Rock mattress chute (NSW)
WA Stabilisation of a dispersive soil
1 Possible treatment options include:
- concrete invert over treated soil
- grassed invert over treated soil
- recessed check dams

- re-profile, placement of treated soil
layer and revegetate

- rock lining over treated soil
- vegetated rock lining over treated soil.

WPhoto supphed by Caichments & Coseks Ply. Lid

Gabion grade control structure (NSW)
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Roadside gullies i Use of check dams in table drains
Check dams

1 Check dams can be formed from: .Gemext“e s
ek splash pad’ may
be placed below
- sandbags each check dam

- geo logs.

1 Check dams are primarily used as
temporary structures to control flow
velocities during the construction and
vegetation phase.

1 If check dams are used as permanent
structures, then they can interfere with
regular drain maintenance (e.g. mowing).

Photo supphed by Caichments & Creeks Pry L

Botchments & Crooks Ply it 9
Rock check dam (USA) Temporary geo log check dam (Qld)

Recessed check dams
Unlike traditional, elevated check dams

(above), recessed check dams are Direction
permanent structures. of flow
1 Recessed rock check dams are used as a w—-

hidden dédinsurance popp+
control (or limit) any future gully erosion
that occurs within the table drain.

I These structures do not interfere with the
hydraulics of the drain.

1 Buried gabions have been used as an
alternative, as well as concrete weirs.

et & ke Dty Lt .

Py Bl ﬁ" o T

AN

Recessed rock check dam (Qld) Recessed rock check dam (SA)

© Catchments and Creeks Pty Ltd February 2022 Page 98




Roadside gullies i Use of check dams in table drains

Use of check dams in a dispersive soil
1 Asageneralrule:

- check dams should NOT be used in
dispersive soil table drains!

1 Because elevated check dams cause the
slowing and pooling of water, they:

- extend the period water is held on
these dispersive soils, which

- increases the likelihood that the soll
will o6dissolved an |-
around the edges of the check dams. o

=

Failure of a check dam in dispersive soil

~

Phﬁto Htl:ﬁdb;; C.r.:rmr;ns & Crooks Py L et / .
Check dam in a dispersive saoil Failure of a check dam in dispersive soil
Treated log V-weirs Geotextile mesh (optional),

or fill with rocks or

1 The triangular log V-weir option is suitable bitu

for minor head-cut in low-gradient table
drains.

1 The V-shape focuses the spilling energy
towards the centre of the table drain.

1 The use of such a treatment option in a
table drain is rare.

1 This design was originally developed for a
community groupd it allowed the log weirs
to be assembled in a workshop, then

installed along a problematic table drain Plan View

during a community working bee. Triangular log weir (plan view)
Geotextile mesh (optional),
or fill gap with rocks or
i mgn P\ Optional rock fill (splash pad)
Flow >

Optional additional
lower cut-off log —— @
Side View Side View
Triangular log weir (side view) Placement of log weir
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Roadside gullies i Rock-lined table drains

Rocks were placed in @
the table drain to control
erosion, but flows now
spili around the rocks

g causing further erosion

.o vos
Photo supphed by Catchmanats & Creoks Py L

-

Photo scophed 67 Caichments & Lk Pty Lyt

Excessive weed growth over rocks

Rock sizing

1 The rock placed in table drains can be
sized using the generic rock-sizing
formula:

dso = 0.04 V2
where:

dso = nominal rock size of which 50% of
the rocks are smaller (m)

depth-averaged flow velocity at
location of rock (m/s)

1 Note: this formula gives rock size in
metres.

Rock placement within table drains

1 Rocks should be placed in a drain such
that:

- the rocks allow the free entry of water
into the drain, and

- the rocks do not reduce the flow area of
the drain.

1 Inthis case (left) the rocks were placed in
an eroding table drain to stop the erosion;
however, the rocks sit higher than the road
shoulder, causing flows to divert around
the edge of the rocks.

Use of rounded river stone

1 The aesthetics of non-vegetated drainage
channels can be improved through the use
of rounded river stone.

1 However, minimal aesthetic value is
achieved if the rocks are eventually
covered by vegetation.

1 Also, the use of rounded river stone
increases the demand for such rocks,
which increases the potentially damaging
activity of mining rivers and river beds for
such rocks.

Vegetated rock-lined table drains
1 Rock-lined drains can be difficult to mow.

1 Weed control can be very problematic and
labour-intensive.

1 Excess vegetation is often best managed
by covering the rocks with soil, then
seeding with grassesd this effectively
forms a 6structur al

1 Good engineering design must consider
all aspects of a drainage channel,
including any difficulties associated with
regular maintenance.
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Roadside gullies 1 Design issues

Vegetated table drains

1 Ifitis intended that the table drain will be
vegetated, then the vegetation:

- must not reduce the required flow
capacity of the drain

- must not cause flows to be diverted out
of the drain

- must be able to be maintainable.

T Wetland plants can h
but can also reach extreme densities.

Use of reinforced grass

1 The use of reinforced grass (turf) can
significantly increase the allowable flow
velocity; however, the following problems
have been observed:

- severe damage to the synthetic
reinforcing mesh caused by regular
drain maintenance (usually grader
operators who are unaware the drain
contains reinforced grass)

- vehicle damage to the grass after the
soil becomes waterlogged following
extended periods of wet weather.

Use of erosion control mats

1 A wide variety of commerical erosion
control mats exist, which are normally
used during vegetation establishment.

T The 6ébestd products
- jute mesh
- coir mesh (longer lasting).

1 Synthetic (plastic) reinforced mats should
not be used near fauna habitats because
small animals can become entangled in
the mesh.

Farm access track drainage

91 If access tracks are forced to carry
excessive amounts of stormwater runoff,
then gully erosion should be expected
within the side drains (table drains).

1  Such gully erosion is managed by
directing water off access tracks at regular
interval s -lusy sngg (6omrho
banks).

91 Further discussion on the design of
drainage systems in cropping land is
provided in Chapter 14 (Part 3).

D X Al it
- A

roéion (Qld)“

Table drain gully e
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6.2 Culvert gullies

6.2 Culvert Gullies

SR Description

= @ T Two types of gullies can exist adjacent to
a culvert:

- agully that migrates upstream towards
the culvert (possibly caused by a
downstream disturbance), and

- agully that migrates upstream from the
culvert (possibly triggered by the design
of the culvert).

1 Therefore, culverts can both cause gully
erosion, as well as stop the migration of
gully erosion.

e R

Phato sUpplied v/\@!ghmeﬁts & Glesks Pt‘y-%:d»_‘. gt

Gully erosion downstream of a road culvert (Qld)
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Culvert gullies 7 Gully erosion downstream of a culvert

ey
I ) e Ve
Rock chute outlet structure (Qld)

T
<y

d by €3

Gabion drop structure outlet (Qld)

M. Culvert outlet stabilisation options

1 The first option should be to consider the
practicality of backfilling the gully erosion
and returning the outlet channel to its
original design conditions.

1 The above option will likely require a
substantial cut-off wall to be built
downstream of the culvert, and/or a
recessed check dam built downstream of
any part of the outlet channel that could be
subjected to outlet-jetting from the culvert.

T I f a foromall eGddraop t
the design options include:

- concrete block drop structure (requires
good foundations)

- concrete chute (significant cracking of a
non-reinforced concrete chute should
be expected; therefore, a cut-off wall
should exist upstream of the chute)

- concrete drop structure (integrated with
a suitable cut-off wall)

- concrete sandbag drop structure
(cheaper option, but generally not
durable)

- gabion drop structure (best used in arid
regionsd in temperate regions,
stormwater debris and sediment can
damage the wire baskets resulting in
the loss of rocks)

- grouted boulder chute (cracking and
slumping of the boulders should be
expected)

- grouted rock drop structure (cracking
and slumping of the grouted rocks
should be expected)

- rock chute (rock sizing should not follow
traditional design procedures for rock
chutes, but should take into account
any outlet jetting from the culvert)

- rock mattress chute (best used in arid
regions; otherwise the baskets may be
damaged by stormwater debris)

- sandbag drop structure (cheap option,
but usually not durable structures)

- soil-cement drop structure (suitability
depends on local conditions; may be
subject to salt or lime damaged seek
expert advice)

- stacked boulder drop structure
(requires careful consideration of the
placement of a cut-off walld not
suitable for dispersive soils).

(
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Culvert gullies i Gully erosion upstream of a culvert

Gully erosion caused by culvert de-silting

1 Sediment deposition is a common problem
within and upstream of road culverts.

9 Culvert maintenance requires the culvert
tobedesi | t ed, and for
and outlet also to be cleared of sediment
and flood debris.

1 De-silting the culvert and inlet apron can
result in the for ma-t
cutd (shown left), w
erosion process that migrates away from
the culvert, potentially forming an
upstream gully.

Drop inlets with raised weir

1 Aformal drop inlet can be used to stabilise
the inlet of a culvert.

1 Incorporating a raised weir into this drop
inlet can help to:

- reduce upstream flow velocities
- protect upstream channel vegetation

- reduce public safety risks by reducing
hydraul-dowadr awfect

1 Incorporatingalow-f | ow 6sl ot &
will allow the upstream channel to fully
drain during dry weather.

i o

Concrete drop inlet (QId)

— TS Rock and boulder drop inlets

1 Loose rock and boulder drop inlets can
- experience structural failures as a result of
the following problems:

- rocks placed on a dispersive soil

- displacement of the rocks into the
culvert

- full structural failure as a result of
under-sized rocks.

- 1 If fish passage is important at the
- Aﬂ structure, then these designs can
- incorporate a pool-riffle sequence.

Gabion and rock mattress drop inlets

1 Both gabions and rock mattress structures
can experience the following problems:

- tunnel erosion if the adjacent soil is
dispersive

- excessive loss of groundwater adjacent
to the gabions, causing a reduction in
plant health

- damage to the wire baskets as a result
of coarse sediment and flood debris
being caught in turbulent water.

‘.-
Caichiments & Cresks Py Ly

Gabion drop inlet weir (Qld)
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Culvert gullies 7 Other design issues
Management of dispersive soils
1 If the soil is dispersive, then the most likely
outlet structures are:
- concrete block drop structure
- concrete chute
- concrete drop structure
- rock chute
- rock mattress chute.

1 Each of these structures will require the
dispersive soil to be covered with a layer
of non-dispersive soil before construction
of the outlet structure.

Fish passage considerations

1 Fish passage is usually not a design issue
for gully rehabilitation because:

- gullies are usually not recognised as
fish habitats.

1 Fish passage may become an issue if:

- the gully appears
habitat mapping

- there are permanent water bodies
upstream of the gully.

Pygmy perch (NSW Fisheries)

‘ Use of pool-riffle systems

-~ 1 The construction of a series of pools and
riffles is one option for the rehabilitation of
head-cut erosion within a fish habitat.

1 To be fish friendly:

- the rocks must be stable during the
expected flow range (unlike natural
riffles which allow the rocks to move)

- the total fall of each riffle should not
exceed approximately 500 mm.

Use of fishways

1 Constructed fishways are often used as a
component of the rehabilitation of existing
non fish-friendly structures.

1 To be fish friendly:

- the spill height across any ridge should
not exceed 100 mm

- the design of the fishway must be
compatible with the natural movement
of bed material (i.e. sand and gravel)
during flood events.

v
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6.3 Stormwater outlet gullies

6.3 Stormwater
Outlet Gully Erosion

Description

1 These gullies are formed when stormwater
pipes release water onto land (usually a
park) well away from a watercourse.

1 The water leaves the stormwater pipe,
passes along a constructed swale, then
spills down the bank of the adjacent
watercourse or storm drain.

1 As the water spills into the watercourse, it
can cause lateral bank erosion, which can
cause a gully to form, which then migrates
back towards the stormwater outlet.

SN

Gully erosion downstream of an urban stormwater outlet (Qld)
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Stormwater outlet gullies
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Treatment options

If gully erosion is migrating up towards a
stormwater outlet, then an investigation
should be carried out to determine:

- the cause of the gully erosion, and

- if the cause of the erosion can be
repaired such that the gully can be
backfill and stabilised, or

- if the creation of a gully has provided an
opportunity to construct sediment traps
or stormwater quality improvement
systems.

If the gully erosion has reached, or is likely
to reach the stormwater outlet, then a
substantial cut-off wall will need to be
incorporated into the outlet structure.

The options for the construction of a stable
outlet structure could include:

- concrete block drop structure (requires
good foundations)

- concrete chute (can be designed as an
extension to the existing concrete apron

- concrete drop structure (integrated with
a suitable cut-off wall)

- concrete sandbag drop structure
(cheaper option, but less durable)

- gabion drop structure (best used in arid
regionsd in temperate regions, weeds
can establish within the gabions, which
can be difficult to remove)

- grouted rock drop structure (cracking
and slumping of the grouted rocks
should be expected)

- reinforced grass chute (important to
prevent water lifting the leading edge of
the reinforced grass)

- reshaping of the outlet channel (can be
formed as a grass
bed)

- rock chute (rock sizing should not follow
traditional design procedures for rock
chutes i f a o6plung
form at the outlet)

- rock mattress chute (the integration of
appropriate vegetation can reduce what
would otherwise be an ongoing
maintenance problem)

- stacked boulder drop structure
(requires careful consideration of the
placement of a cut-off wall)

- tyre chute (car tyres can be stacked in
the form of a stepped drop structure).

<

€
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Stormwater outlet gullies

Stormwater
outlet

Potential
trigger point
for gully
erosion

Grass swale / park

Elevated stormwater pipe releases flows into a park

Stormwater
outlet

Gully forms at creek bank, then migrates up to the stormwater pipe

Stormwater

Formation of a benched, dry creek bed Gully converted into a vegetated swale
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6.4 Lateral bank gully erosion

6.4 Lateral Bank
Gully Erosion

Description

1 Lateral bank erosion typically results from
non-concentrated surface runoff spilling
down a creek or gully bank.

1 Once formed, this erosion usually causes
a localised concentration of the
approaching sheet flow.

1 Over time, these finger-like gullies can:

- extend along an overland flow path
forming linear gully erosion, or

- extend in multiple directions similar to
alluvial gully erosion.

Photo supplied by Catchr"‘mn!s‘&,Creeks Pyt ~ £ ¥

Lateral bank erosion (the original creek bank was just to the right of the photo)
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Lateral bank gully erosion i Early stages of erosion
4 g Early stages of lateral bank erosion

1 If the bank erosion is in its very early
stages of growth, then the erosion can
usually be treated through the construction
of a batter chute.

1 Treatment options are likely to include:

- concrete chute (generally not suitable
for placement on creek or river banks)

- corrugated iron chute (can be
financially viable on very high banks)

- flexible concrete mat chutes (used
when the chute is also used for vehicle
or stock access to the waterway)

- geotextile chute (temporary control)
- PVC formless chute (questionable)

- reinforced grass chute (not suitable for
placement on creek or river banks)

- rock chute
- rock mattress chute

- stiff grass chute (requires careful
design)
- stacked boulder drop structure

- tyre chutes (poor aesthetics unless fully
vegetated).

Management of dispersive soils

1 If the bank contains dispersive soils; then,
as is always the case, the dispersive soll
must be covered with a layer of non-
dispersive soil prior to construction of the
batter chute.

1 If the soils are not adequately managed,
then tunnel erosion can occur under:
- concrete chutes
- rock mattress chutes
- stacked boulder drop structures.

Lateral bank erosion of a dispersive soil
Extent of scour protection at top of bank

5 i 1 As the overland flow approaches the crest
y (min) of a batter chute:

Typical - the flow begins to accelerate well back
Crest from the crest of the chute

- which means soil scour can occur just
upstream of a batter chute

- which means appropriate scour
protection must extend beyond the
crest of the chute.

1 The rocks can be partially covered in soil
and lightly vegetated (grassed).

Scour protection at crest of a chute
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Lateral bank gully erosion 1 Treatment options

Stabilisation options

o 1 If the lateral bank erosion is occurring on
the creek or river bank, then:
e - any gully treatment must allow for the
\ Batter chute normal operation of a creek or river

—_—

o

bank

- which means allowing for the ongoing
lateral migration of the creek or river
bank

- which means the batter chute is best
located well away from the current bank
location (i.e. within a recessed gully).

Advantages and disadvantages of
backfilling the gully

1 Another option is to backfill the gully, and
then construct the batter chute closer to
= the creek bank.
. 1 This treatment opti_on_ has the following
advantage of reclaiming useable farmland.
— 1 However the batter chute:
- can be damaged by floodwater
o

- will be damaged if floods cause the
creek bank to migrate.

Diversion of stormwater using flow
diversion banks

1

An alternative approach is to:

- construct and vegetate a new batter
chute, then;

- wait sufficient time for this vegetation to
stabilise before bringing the chute on-
line, then;

- divert stormwater runoff away from the
existing gully and direct it towards the
new batter chute, then;

- rehabilitate the old gully.

The use of fencing to control the
movement of stormwater runoff

9 This treatment option is basedona é wa t
and appraach:

- fencing of the lateral bank erosion and
observing changes in the gully

- if the gully continues to erode, then;

- construct a new batter chute/s, and
then divert overland flows towards
these new batter chutes.

Use of fencing to divert stormwater
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Lateral bank gully erosion i A fully established gully

-~ - | ety Fully established gullies

1 If the lateral bank erosion has developed
into a well-defined gully, then the erosion
can be treated as per a normal linear
gully.

1 Treatment options for the stabilisation of
the gully would include:

- gully head stabilisation (treatment
options are listed below, as for normal
linear gully erosion)

- gully reshaping (the main gully channel
. can be treated as ¢

Shallow, lateral bank erosion (Qld) bed, or a oO6wetod cr e
the adjacent channel permanently
enters the gully)

- high density stock grazing, seeding and
spelling (this option may allow general
reshaping of the gully if the depth of the
gully is less than 1 metre).

1 Gully head stabilisation could include:
- concrete block drop structure
- concrete chute
- concrete drop structure
- concrete sandbag drop structure

; i o, e - gabion drop structure
Lateral bank erosion in a dispersive soil - geotextile chute

- grouted boulder chute

- grouted rock drop structure
- reinforced grass chute

- rock chute

- rock mattress chute

- sandbag chute

- sandbag drop structure

- stiff grass chute

- soil-cement drop structure
- stacked boulder drop structure
- timber drop structure.

Extensive lateral bank erosion (NSW)
Stabilisation of the remaining gully

1 These short gully branches can be
stabilised to form various channels,
including:

- grassed channels
- fully vegetated dry creek beds

- fully constructed creeks (Natural
Channel Design principles)

- stormwater treatment channels (e.g.
mini wetland, stiff grass filter)

Photo $ippied by Catthments & Creeks Py Lt - channels with watering holes.

Gully formed into a vegetated swale (SA)
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