
  

 

 

Rehabilitation of Erosion Gullies  
Adaptations and Learnings from the  

Mary River Catchment 
 

 

By John Day, Becky Watson and Caitlin Mill 

Mary River Catchment Coordinating Committee 

Version 2, July 2022 

 

 

 

 

 



2 
 

 

Acknowledgements ............................................................................................................................................ 3 

Foreword ............................................................................................................................................................ 3 

 Introduction ................................................................................................................................................ 4 1

 What is gully erosion? ......................................................................................................................... 4 1.1

 What influences gully erosion? ........................................................................................................... 5 1.2

 Gully catchment water flow estimations ............................................................................................ 5 1.3

 How to decide what to do with an erosion site with gully potential .................................................. 7 1.4

 Gully Erosion Control using Rock Chutes .................................................................................................. 10 2

 How do we go about designing a rock chute? .................................................................................. 10 2.1

 Critical components of rock chute design, construction and maintenance ..................................... 11 2.2

 Variations on a theme: Rock chute refinements and learnings ............................................................... 13 3

 Background ........................................................................................................................................ 13 3.1

 The starting point:  standard engineered rock chute design ............................................................ 13 3.2

 Rock chutes refined .................................................................................................................................. 15 4

 Mary River flood plain gully ς gully head rock fill chute ................................................................... 15 4.1

 Spotted Gum forest gully ς rock chute combining two gully heads ................................................. 24 4.2

 Grey Box and Wattle gully ς rock mattress ....................................................................................... 32 4.3

 Iron Bark and Box ridge ς gully filled and overland flow diverted .................................................... 39 4.4

 Black soil streambank gully ς rock chute with detention basin ........................................................ 50 4.5

 Rehabilitating failed dams ........................................................................................................................ 60 5

 Dam Gully ς cut wall and rock mattress ........................................................................................... 60 5.1

 Dam by-wash gully ς reinstate natural flow path and rehabilitate eroded areas ............................ 67 5.2

 Geofabric low cost options ....................................................................................................................... 75 6

 Scrub gully ς geofabric drop structure using small earth moving machinery and some rock.......... 75 6.1

 Front gully ς Geofabric drop structure using hand tools only .......................................................... 80 6.2

 Summary ................................................................................................................................................... 87 7

 

 



3 
 

Acknowledgements 

Special thanks to our construction team, Phil Lankowski, Noel and Marg Geritz, who were instrumental in 

all stages of on-ground project delivery. With their combined decades of experience, they consistently 

contributed to the ongoing learnings of the team throughout the construction process.  

We would also like to acknowledge landholder contributions, in particular hǿŜƴ ¢ƘƻƳǇǎƻƴΩǎ ǾŀƭǳŀōƭŜ 

experience in advising and mentoring landholders in gully rehabilitation.  

Foreword 

Erosion is an ongoing process which all land managers need to recognise and minimise where possible.  

From 2014 to 2019, members of the soil conservation and natural resource management community in the 

Burnett and Mary River catchments had the opportunity to study erosion processes and offer 

rehabilitation options on over 100 properties. The publication Gully Erosion: Options for prevention and 

rehabilitation; Experiences from the Burnett and Mary River catchments, Queensland (Day and Shepherd, 

2019) followed these experiences. Readers are advised to consult this publication to gain an overview of 

erosion control across many situations. 

In the Mary River catchment, there has been six years of works to reduce fine sediment to the southern 

Great Barrier Reef, resulting in new learnings on how to effectively rehabilitate gully erosion. This extended 

and focused period of work has formed the basis for the information provided in this guide. The authors 

have worked as a team on all of the projects showcased in this guide and through a process of continuous 

learning have adapted and refined erosion control practices to try and create the best possible, cost-

effective rehabilitation and stabilisation outcomes foǊ ǘƘŜ ǊŜƎƛƻƴΩǎ ƭŀƴŘƘƻƭŘŜǊǎ and downstream water 

quality.  

The work on erosion control will continue and the learning will continue. The team hope that their 

ŎƻƳōƛƴŜŘ олҌ ȅŜŀǊǎΩ ŜȄǇŜǊƛŜƴŎŜ and observations provided in this guide can give others a good head start 

on their soil erosion management journey.   
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 Introduction 1

Erosion is the movement of soil and rock particles by wind or water. This natural process has shaped the 

topography of the landscape over millennia. The rate at which erosion occurs depends on the natural 

vegetation cover on the land, the intensity of wind and rain, the length of time the erosive forces are acting 

and the erodibility of the soils and rock at any one site. All activities carried out by humans, including our 

food production with domesticated animals and crops, have the potential to affect the rate at which 

erosion occurs and where it occurs.  One of the most visual and destructive forms of erosion is gully 

erosion.  

Maintaining good groundcover through sound pasture management including forage budgeting is the most 

resilient and cost effective first step in reducing the potential for gully erosion to occur particularly in 

fragile landscapes.  

Project participants agree groundcover should be the highest priority in fragile gully landscapes. 

Groundcover can be difficult to manage given the light nature of the country but is super essential or the 

place just falls apart.  

 What is gully erosion? 1.1

Gully erosion is a major environmental challenge that is widespread across Queensland landscapes. Gullies 

are considered the worst stage of soil erosion and are acknowledged as a significant contributor of 

sediment in water reservoirs and to the Great Barrier Reef lagoon.   

Gully formation can be closely linked to soil types and situations where the topsoil is denuded and the 

erosion prone subsoils are exposed to direct contact with rain drop splash and water flows.  Erosion prone 

ǎƻƛƭǎ ƘŀǾŜ ŀ ǘŜƴŘŜƴŎȅ ǘƻ άŘƛǎǎƻƭǾŜέ or disperse and slump very quickly when in contact with water. This is 

referred to as dispersion and slaking. A dispersion test (placing a large ped of soil in a jar of water) provides 

some indication of the degree of sodicity or propensity to slake.  

All soils are made up of minerals, sand, silt and clay, water, organic matter, microorganisms and gas.  All 

these elements are arranged in various amounts and textures which affects the way the soil responds to 

erosive forces.  Very sandy soils allow the water to infiltrate down through the profile to deep drainage 

ŀƴŘ ŘƻƴΩǘ result in runoff from the soil surface.  The soils with clay at the surface will not allow water to 

infiltrate as quickly and will have water running off the surface in heavy rainfall events.  Some clay soils 

crack deeply and it will take a long time for runoff to occur unless there is very heavy rain which will seal 

the cracks and cause quick runoff.  Soils with high silt content at the surface often set very hard and will 

result in extensive runoff during intense rains.  These soils tend to scald when vegetative cover is lost from 

the surface.  As a general rule, soils with a hard setting surface and a high sodium content in the sub soils, 

described as sodic soils or sodosols, are very prone to erosion.  They will disperse and slake on contact with 

water.  The heavy black and brown clay soils are prone to slaking and dispersion as well, although they are 

often very productive soils.   The soil texture, organic matter and chemical makeup will affect the way 

erosion develops, so it is wise to get a soil test on eroding soils to help define the best solution to stabilise 

and prevent more erosion.  Detailed soil type descriptions can be found on Queensland Government WEB 

ǎƛǘŜǎ ƛŦ ȅƻǳ ǎŜŀǊŎƘ άŎƻƳƳƻƴ ǎƻƛƭ ǘȅǇŜǎ ƛƴ vǳŜŜƴǎƭŀƴŘέΦ 

Most soil will eventually have water running off during extended or intense rainfall events and as water is 

concentrated in a narrow pathway between grass tussocks or insect and animal trails, the velocity 

increases which in turn increases the erosive force which cuts deeper and deeper into the soil.   
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If the subsoil is exposed and it is dispersive or slaking, then the turbulence tends to cause the sub soil to 

dissolve quicker than the topsoil.  The topsoil may still have grass growing in it on the edges of the initial 

bare soil patch. Often small waterfalls develop which again increases the speed and size of the erosion 

event (see Figure 1 below).  This process continues, deeper and wider, forming the gullies we see in our 

landscapes. 

Soil formation rates are quite slow and gully erosion dramatically accelerates the rate of soil loss from a 

landscape.  Gullies are also a significant contributor of sediment to water courses and they pose major 

threats to sustainability in cropping, horticulture and grazing production systems if left unchecked.  

If an erosion path has developed to a depth exceeding 0.3 metres (m) and has active erosion at the head 

and walls, it can be classed as a gully.  

 What influences gully erosion? 1.2

As mentioned earlier, gully erosion is influenced by rainfall intensity and duration, wind, hail, ground cover, 

vegetation type, soil type, soil condition and land slope.  All these factors can affect the initiation of gully 

erosion and the rate and extent to which the gully erosion expands in a natural, unchanged situation.  

Human activities associated with modern civilisations also affect all soil erosion processes, including gully 

erosion. 

 Gully catchment water flow estimations  1.3

When considering a gully erosion site, of critical importance is the amount of water which is running 

through the gully during rainfall events of differing durations and intensities. This is directly influenced by 

the size of the catchment, land slope, vegetation type and vegetation cover levels on the catchment and 

the rate at which the soil naturally allows water infiltration.  For example, gully sites are most prone to 

erosion following periods of extended drought when there is minimal groundcover. Calculations are 

therefore regularly based on this scenario.  

Calculations can be done to estimate the peak flows from any given catchment by using the Rational 

Method, charts and descriptions provided in the Soil Conservation Guidelines for Queensland, Chapters 3 

and 13 and the Appendix. A supporting spreadsheet Ψw!a²!59 Cƭƻǿ ¢ƻƻƭ /ŀƭŎǳƭŀǘƻǊΩ ƛǎ ŀƭǎƻ ŀǾŀƛƭŀōƭŜ to 

help with calculations (https://www.publications.qld.gov.au/dataset/soil-conservation-

guidelines/resource/e9316dcc-0c06-41a4-a7e9-deeb15345c70). It is important to seek the advice of an 

experienced technical officer to assist with calculating the peak flow for your catchment.   

Figure 1 Gully advances ς (a) gully head development; (b) changes in height and bed slope as the gully advances upslope. 
(From the Queensland Soil Conservation Guidelines, Ch. 13). 

https://www.publications.qld.gov.au/dataset/soil-conservation-guidelines/resource/e9316dcc-0c06-41a4-a7e9-deeb15345c70
https://www.publications.qld.gov.au/dataset/soil-conservation-guidelines/resource/e9316dcc-0c06-41a4-a7e9-deeb15345c70
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Once you have the estimated flows, you can then design suitable structures to assist with the rehabilitation 

and stabilisation of the site.  Once again, it is important to have an experienced technical officer to assist 

with the design of structures which need to accommodate the peak flows from the catchment.  

If it is not possible or economic to get professional technical advice on the peak flows and design widths of 

rehabilitation options for erosion sites, a fall-back position is to take notice of the largest flows you have 

witnessed through any of the gullies on your property.  The depth of the highest flow through a gully, 

multiplied by the width of the flow, will give you a cross sectional area of the amount of water flowing.  For 

example, if the gully flow depth in a higher than normal rain event is 0.6m across the gully width of 5m, 

you will have a cross section of 3 square meters of water (m2). See Figure 2 below.  

 

Figure 2 Example of gully flow width and depth 

If we consider that the water is flowing at a certain velocity, then we can work out volume.  Most gullies 

will flow between 1 and 2 meters per second (m/s) depending on the steepness of the gully floor and other 

factors like roughness or vegetation in the gully floor. The velocity can be estimated by measuring the 

distance a floating object travels in 1 second (or 10 seconds, then dividing the distance by 10) to get the 

velocity in m/s.  The water in the middle of the gully will be flowing the fastest so it is wise to measure an 

object floating in the middle of the gully.  If the water in the gully at approximately the highest point of the 

flow is travelling at 1.5m/s, then for every second a wall of water 1.5m multiplied by the cross section area 

of 3m2, is flowing past. The result of this multiplication is 4.5 cubic meters per second (m3/s), which is the 

volume of water which is flowing through our example gully at the approximate highest flow in a higher 

than average rain event.   

If we want to manage this water, we need to design a structure to cope with this water safely.  The most 

destructive force causing erosion from runoff water is the velocity at which water moves.  To reduce the 

velocity in a stream or gully, we need to reduce the depth of flow.  
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The wider and shallower the water flow, the less velocity and less likely to erode. A rule of thumb is to 

keep the flow depth at around 0.3m and this will generally keep the velocity within a range that is normal 

for most streams at around 1m/s.   

There are a lot of variables which affect the velocity and flow depth including the vegetation on the gully 

floor.  High levels of long grass will slow water down and increase depth without causing erosion. By 

increasing the design width of our structure, the depth of flow will be reduced to safely carry our 4.5m3/s 

of water.  A complex set of factors affect the outcome, but reducing the depth to 0.3m and widening the 

path, reduces the chance of erosion. Using calculations described in the Soil Conservation Guidelines for 

Queensland for waterways in cropping, and weirs for gully chutes, the crest width needed to convey 

4.5m3/s of flow, at the safer velocity around 1m/s, is between 17m and 19m.  

This exercise is to provide an idea of the complexity of the design process.  To get a suitable width, both 

the depth of flow and velocity change, so it is not just a simple exercise of putting in a new depth of flow 

and multiplying the sum out. As the depth reduces, the velocity reduces also, so we have two variables 

interacting which requires complex maths or trial and error calculations.  Having someone to assist with 

the final design using the graphs and spreadsheets which have been developed for this purpose, will 

improve the accuracy of the outcome and reduce the chance of costly blowouts and structure failures.  

 How to decide what to do with an erosion site with gully potential  1.4

An erosion site can always be initially managed through stock exclusion fencing to achieve optimal 

groundcover. Before undertaking further remediation the following is considered: size of the eroded gully, 

position in the landscape and the catchment delivering water to the site.  The next step is theorising what 

remediation methods may work best at the site.  The decision process described in Table 1 may provide 

some options for those with limited experience at developing remediation strategies for erosion sites.   

Soil type should be considered, however if you have erosion problems it is highly likely that the soils are 

either slaking or dispersive. The most important distinction is the inherent fertility and water holding 

capacity of the soil. If the soil is a cracking or uniform clay in open downs, Brigalow or Scrub land types, the 

potential for quick revegetation will be higher than duplex soils on a spotted gum or Box land type. Soil 

tests can show if soil modifiers, such as Lime or Gypsum, are needed to improve soil structure and 

chemical balance. These considerations can be addressed at each site before decisions on remediation 

options are investigated. 
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Table 1 Erosion remediation methodology decision process 

Erosion problem 
Cost, complexity and disturbance 

lower                                                                                                                                                                                                                   higher 

Hill slope, rill and 

sheet erosion 

 !ǎ ōŜŦƻǊŜΣ Ǉƭǳǎ Ҩ !ǎ ōŜŦƻǊŜΣ Ǉƭǳǎ Ҩ !ǎ ōŜŦƻǊŜΣ Ǉƭǳǎ Ҩ Or  
 

 

Stock management - 

reduce grazing 

pressure, reduce 

numbers. 

Contour stick rake 

lines. 

 

Fence, rotational 

grazing, position 

cattle troughs to 

enable more uniform 

pasture utilisation. 

Strategic contour sod 

seeding with wet 

season spell. 

If low sloping 

landscape to 2% with 

suitable soil types 

then full cultivation 

and improved pasture 

grass and legume 

species planted. 

 

Scalds ς topsoil 

removed 

 As before, plus Ҩ As before, plus Ҩ 
Include spelling and 

fencing 
  

Stock management ς  

reduce grazing 

pressure, reduce 

numbers. 

Mulching to increase 

organic matter. 

Contour stick rake 

lines.  

Fencing and spelling. 

Contour deep ripping 

and seeding EXCEPT 

on steep slopes and 

highly sodic or 

dispersive soils. 

If flat below 1% slope 

then pondage banks 

and seeding. 

  

Small gullies to 1m, 

on smaller 

catchments to 10ha 

Spell gully catchment 

AND fully exclude 

stock from immediate 

gully site. 

As before, plus Ҩ 
Include spelling and 

fencing 

Include spelling and 

fencing 

Include spelling and 

fencing 

Include spelling and 

fencing 

Contour or graded 

stick rake lines to slow 

and divert water. 

Once off high density 

grazing and seeding 

and wet season 

spelling. 

Designed diversion 

bank ONLY if suitable 

disposal area for 

water is available. Fill 

gully and seed.  

Gully head rock fill 

with designed crest 

width and rock size. 

 

Could consider using 

geofabric to construct 

a design width drop 

structure. 

Fully designed rock 

chute with designed 

rock size. 

Designed rock 

mattress with 

designed rock size.  

Suitable for a string of 

small gully heads 

down a short stream 

reach. 
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Larger deeper gullies 

with catchments 

above 10ha 

 
Include fencing and 

spelling 

Include fencing and 

spelling 

Include fencing and 

spelling 

Include fencing and 

spelling 

Include fencing and 

spelling 

Contour or graded 

stick rake lines to slow 

and divert water. 

Fencing and spelling. 

If catchment peak 

flows below 3m3/s for 

1 in 50 year rainfall 

event AND suitable 

safe water disposal 

site available then 

designed diversion 

bank, detention dam 

with stable outlet 

optional, fill gully, 

seed, fence and spell. 

Gully head rock fill 

with designed crest 

width and rock size.  

 

Could consider using 

geofabric to construct 

a design width drop 

structure. 

Gully head rock fill 

with designed crest 

width and small rock 

enclosed in strong 

netting. 

Fully designed rock 

chute with designed 

rock size. 

Rock chute designed 

using gabion rock 

baskets. 

Dam by-wash erosion 

Include fencing and 

spelling 

Include fencing and 

spelling 

Include fencing and 

spelling 

Include fencing and 

spelling 
Include fencing and spelling 

Gully head rock fill 

with designed crest 

width and rock size. 

Gully head rock fill 

with designed crest 

width and small rock 

enclosed in strong 

netting. 

Fully designed rock 

chute with designed 

rock size. 

Rock chute designed 

using gabion rock 

baskets. 

Break dam wall and create rock mattress 

through wall at design width.  Fill by-wash gully 

and build bank so water flows through dam 

wall break. 

Sheet, rill and gully 

erosion in cultivation 

land 

  
Include minimum and 

zero tillages 

Include minimum and 

zero tillages 
 

Return the paddock to 

improved permanent 

pasture with legume 

inclusion and manage 

grazing for high cover. 

Use minimum and 

zero tillage and 

suitable high stubble 

crop rotations to 

maximise ground 

cover at all times. 

Design and survey a 

contour bank and 

waterway system with 

double width bank 

spacings. 

Design and survey a 

contour bank and 

waterway system with 

single width bank 

spacings. 
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 Gully Erosion Control using Rock Chutes 2

Rock chutes properly designed, installed and maintained may be the best option to provide more 

permanent gully remediation in situations where the erosion site cannot be recovered using the low cost 

options alone. These options have been identified in Table 1 and discussed in detail in the publication: 

Gully Erosion: Options for prevention and rehabilitation; Experiences from the Burnett and Mary River 

catchments, Queensland (Day and Shepherd, 2019). When it is critical that a gully head is stopped to 

protect infrastructure or valuable resources, a rock chute can be a complete and permanent solution. Rock 

chutes are very versatile as vegetation will readily cover the structures which adds to their strength and 

permanence.   

Rock chutes can be constructed using gravel, rock of an appropriate size and some geofabric on a shaped 

soil slope. Geofabrics which have been used in the construction of rock chutes are Texcel and Bidim. These 

can be ordered in the strength required to suit the size of rock you need to use on the chute. In soil types 

that are less dispersive and when the peak flows are lower, the geofabric can be an option rather than a 

necessity every time.  Red soils and some brown clays are examples of soil types which can perform with 

gravel and rock alone when the rock is a good mix of sizes and compacted well.   

It is essential all sites are fenced to ensure good groundcover establishment and regeneration providing 

long term site stability. 

 How do we go about designing a rock chute? 2.1

The basic shape for rock chutes is shown below. The crest can be positioned to accommodate the natural 

landscape for minimal disturbance above the gully head. For example, tƘŜȅ ŘƻƴΩǘ ƘŀǾŜ ǘƻ ōŜ ǎȅƳƳŜǘǊƛŎŀƭΣ 

as long as the crest meets the design width and is constructed level. On completion of the chute structure, 

it is essential sites are excluded from stock, seeded and fertilised to promote rapid site recovery.  

Rock chutes and similar engineering structures need to have a rigorous design process taking into account 

the hydrological calculations which estimate the peak flows during rain events of a particular intensity.  

Once the water flows are estimated, the structure can be designed to manage those flows.  The main 

components of the rock chute are a) crest width and flat section at the top leading to a batter to take the 

water to the gully floor and b) an apron or energy dissipater at the bottom which is kicked up to pool and 

take the energy out of the water before it flows on down the gully floor. See Figure 3.   

Another consideration is the size of rock required for stability in the chute given the velocity of the water 

expected through the chute.  To overcome the necessity for very large rock, the rock can be secured by 

covering the chute with strong netting stitched with plain wire or by using gabion baskets.   

One methodology for the calculations and designs can be obtained from the Soil Conservation Guidelines 

for Queensland (2015). The spreadsheet called RAMWADE found in the Guidelines can assist with peak 

flow calculations, waterway width calculations and diversion bank size calculations.  Another spread sheet 

available as freeware from the internet is CHUTE. This spreadsheet will assist with specifying the size of 

rock needed for a given peak flow, chute crest width and batter length.  Both spreadsheets are free and 

with some initial training can provide invaluable assistance with rock chute design. The formula to 

calculate the width of a weir or rock chute crest given a peak flow, is available in the Guidelines and can be 

converted to a spreadsheet as well. 
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Figure 3 Example rock chute design ς (left) aerial view; (right) cross section. 

 Critical components of rock chute design, construction and maintenance 2.2

¶ Estimate the water volume and water flow velocity entering the gully head and proposed chute. 

¶ With the water volume, velocity and gully head cut depth, calculate the desired crest width and 

length of the chute. The batter often used is 3:1 or 4:1 i.e. if the gully head is 1m deep, the chute 

batter length will be 3m or 4m as required.  The longer the batter the better, as this reduces the 

water velocity in conjunction with the width.  Up to 10:1 can be used if resources allow i.e.  for wide 

crests and long batters, smaller rock can be used. Note however that the total rock required will 

increase along with cost.  

¶ In high velocity and high flow situations, or where suitably large rock is unavailable, cover and 

secure the rock with heavy gauge wire netting tightened with heavy gauge plain wire and steel 

pegs. Gabions are also an option in this situation.  

¶ Shape the gully head to the specifications of the structure needed i.e. construct the crest width, 

batter and apron length as per the calculated design specifications. This data is usually supplied in a 

Diagram (see Figure 1 above).  Ensure the top bench of the chute crest is excavated deep enough to 

allow the size and depth of rock needed.  

¶ Construct cut off trenches top and bottom as designed.  If using wire netting, place this into the 

trenches at this stage to allow connection over the rock after placement (see photo series). 

¶ Use gravel and geofabric according to soil type and condition to cover the batter soil prior to laying 

the rock. 

¶ Have rock supplied in the designed size and stockpiled close to the chute.  Where specific large rock 

size is unavailable, smaller rock can be used with installation of heavy gauge wire netting over the 

structure which serves to hold rock in place during high flow events. Without this netting, the 

structure is likely to fail. It is also useful to have additional rock delivered for further maintenance 

requirements. 
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¶ Place the rock in the cut off trenches, on the top bench, the chute batter and on the apron in 

whatever order is practical given the site and machinery capability.  

¶ Ensure the energy dissipation apron is constructed correctly with larger rock and a rise of at least 

0.3m on the bottom lip (see Figure 3 above).  

¶ Carefully compact rocks into place on the batter if possible and where geofabric is used, great care 

must be taken to ensure fabric is not damaged. 

¶ Fencing and stock management  

¶ Ongoing site inspection following rain events is critical to ensure timely maintenance is undertaken 

to prevent costly repairs. 
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 Variations on a theme: Rock chute refinements and learnings 3

 Background 3.1

In the Mary River catchment over a three-year period, landholders with gully erosion issues came forward 

seeking advice for rehabilitation options. With funding from the Great Barrier Reef Foundation, the Mary 

River Catchment Coordinating Committee (MRCCC) staff engaged with these landholders and provided 

detailed rehabilitation options for a total of twenty-four gully erosion sites.  After a period of consultation 

and design refinement, the projects advanced to construction.  The structures were monitored following 

the wet season, then maintenance and small modifications were completed as required.   

During this extended period of activity, the design and construction team was supported by two local 

contractors with many years of experience and machinery suited to the diversity and complexity of the 

projects involved.  Smaller projects and those with tight access issues were allocated to the contractor with 

a skid steer, 5-tonne excavator and dump truck.  Larger projects were allocated to the contracting team 

with a 25-tonne excavator and dump truck.  Both contractors were widely known by landholders and 

welcomed due to their good reputation in the region. 

One landholder has also become very skilled at constructing rock chutes and has expanded his property 

operation to quarrying his own rock. This landholder has become one of the construction team and has 

mentored many other landholders in addressing their erosion issues and engaging with soil erosion 

mitigation works through the Mary River Catchment Coordinating Committee.    

Having a set team to design, project manage and construct across all of the projects has provided the 

platform for extensive learnings and refinements during the extended period of construction and 

monitoring.  This situation provided a perfect opportunity for the team to document the learning journey 

and the evolution of practical refinements necessitated by the diverse suite of project scenarios and the 

prevailing seasonal conditions. 

 The starting point:  standard engineered rock chute design 3.2

The basic design for a rock chute has been outlined in Section 2.  Conventional procedures have provided 

the recipe which includes the use of geofabric, gravel, rock, cut off trenches and energy dissipater aprons 

on rock chute structures.  More recently, many engineers have refined the use of geofabrics to a cut off 

trench only and not the full batter. The exposed subsoil in the trenches and on the batter is sealed using 

gravel with high clay content. The geofabric can be used on top of this in the top cut of trench. The 

changed practice appears to be a response to instances when some tunnelling has occurred under the 

geofabric. Due to its exceptional strength, the ŦŀōǊƛŎ ƛǎ ŀōƭŜ ǘƻ ƘƻƭŘ ǘƘŜ ǊƻŎƪ ƛƴ ΨǎǳǎǇŜƴǎƛƻƴΩ ŦƻǊ ŀ ǇŜǊƛƻŘΣ 

then collapsing following a significant event with the ensuing high cost of repair.  

The modification to high clay gravel only in preference to geofabric on the structure, allows movement and 

settling of rock. In this way, early observations of subsidence can be noted and timely maintenance action 

undertaken.  

High clay content gravel is preferred in order to seal the dispersive subsoils. This reduces the exposure of 

subsoils to direct water flows and subsequent erosion. This mimics the slow moistening which occurs 

naturally when the topsoil is in place and moisture infiltrates through the profile to the subsoil.     
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Given the evolution of this adaptation in rock chute design, the approach taken for the first sites in the 

Mary River catchment was to try to double the security in the structure by using gravel across the whole 

structure to 0.1m and then also laying geofabric before the rock is placed. This has been the standard 

practice across the twenty-four projects most recently completed. Due to the diversity of sites there have 

been some significant modifications and learnings incorporated in the later projects. These learnings have 

been incorporated in the maintenance completed on some of the early projects. One size does not fit all 

and modifications to accommodate site differences swiftly become the norm in a design and construct 

work program. 

In ǘƘŜ ǘŜŀƳΩǎ experience, each project ǊŜǉǳƛǊŜŘ ƳƻŘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ΨǎǘŀƴŘŀǊŘΩ ǊƻŎƪ ŎƘǳǘŜ ŘŜǎƛƎƴ ǘƻ 

accommodate the landscape, budget, availability of construction materials and site access.        
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 Rock chutes refined 4

 Mary River flood plain gully ς gully head rock fill chute 4.1

Rehabilitation type Gully head rock fill chute 

Description of gully Gully 2m deep, 6m wide 
300m to confluence with Mary River 

Catchment size 104ha catchment 

Flow rate 5.5m3/sec (1 in 20 year rainfall event) 

Landscape considerations/ soil 
fertility  

River flats with good ground cover of stoloniferous grasses 

Other considerations ¶ Cost 

¶ Landholder preference to use smaller earthworks machinery 
to reduce impact on pasture  

¶ Inundation from river during medium to high flow events 
and asǎƻŎƛŀǘŜŘ ΨŘǊŀǿ ŘƻǿƴΩ 

¶ Aim to minimise removal of the very good, established, 
stoloniferous grass cover  

¶ High priority site given proximity to downstream Mary river 
and fine sediment to the southern Barrier Reef 

Equipment ¶ 5T excavator, skid steer and truck 

Final cost (earthworks and 
materials only) 

$4,000 

 Photo 1 Mary River flood plain gully head before works commenced. 
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 Background 4.1.1

The first gully was 2m deep at the head cut on a lateral runner coming from the main river.  The head was 

narrow and deep and the catchment delivering to the gully head was approximately 104ha of river flats.  

The peak flow was estimated at 5.5m3/sec for a 1 in 20 rainfall event using the rational method. The gully 

head had retreated significantly, releasing 66t/yr of fine sediment. If left unchecked, the gully would have 

retreated across the flat isolating a section of productive grazing land.  

 Challenges 4.1.2

The site was complicated due to the need to manage overland flow and inundation. The flat is regularly 

inundated by medium to high flood events.  The second challenge, as with all sites in this publication, 

relates to lack of capital for rehabilitation works. Decisions and the resulting adaptations taken are always 

a trade-off between achieving the most effective outcome for minimal capital investment.  

As the head cut was deep at 2m, a batter of 3:1 plus 1m bench at the top and 3m apron at the bottom, 

added up to a rock chute total length of 10m. Due to the inundation potential, it was felt that the structure 

would need to be enclosed with wire netting to ensure the rock did not move from the site.  A chute of this 

length with the design crest of a crescent 16m was becoming very costly with rock and wire inputs.  

Furthermore, any pasture lost as a result of this length of chute would have added to further loss of 

stability on the flat.  

 Solution 4.1.3

Instead of using a conventional rock chute design where soil would be excavated to a 3:1 batter, rock was 

used to fill the gully head and form a 2:1 batter. The rock was encased in netting to stabilise the steep 

batter. The advantage of this approach was reduced batter and apron length and minimised grass 

disturbance. Rock size used was 100mm to 400mm as designed from the freeware spreadsheet ΨCHUTEΩ.   

The other consideration during planning was the size of machinery needed and potential cost. Due to the 

tight crescent shape of this gully head, and another nearby, the smaller machinery combination of skid 

steer and 5-tonne excavator was chosen.  This size machinery can also handle the rock size up to 400mm.  

For bigger rock sizes, the larger machines are needed. 

 Design specifications and construction sequence 4.1.4

The aim was to construct a rock chute by filling the gully head with mixed rock and gravel from 100mm to 

400mm at least, or larger. To increase the stability of the rock, heavy 1.6mm wire netting was used, laced 

together with 2.5mm plain wire to encase the whole structure like a single large gabion. The wiring is 

labour intensive and increases cost but provides a high level of security to the integrity of the finished 

structure. 

The benefits of a wire netting covering have been observed over a 6-year period while monitoring other 

rock chute structures constructed much earlier, which have performed through a number of large flow 

events. 

The landholdersΩ wishes and observations of peak flow heights have been considered in the design 

approach. 
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Photo 2  

Surveying the level crest 
 
The level 16m uneven crescent 
shaped crest was surveyed with a 
dumpy level and marked as the first 
step.  
 

 

Photo 3 

Dig bottom cut off trench 

 

Photo 4 

Preparing the crest and gully walls 
 
The gully head was tidied and shaped 
slightly with overhangs and tunnels 
collapsed and the topsoil pulled back 
for 1.5m around the crest before the 
0.6m x 0.6m cut off trenches were 
constructed. Due to access issues 
with the skid steer for placing the 
rock, the whole structure was built 
from the bottom up.  
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Photo 5 

Completed bottom trench inlaid with 
netting and lined with clay gravel 
 
The bottom cut of trench was built 
first. It extended across the gully floor 
approximately 4m from the gully 
head and up the gully walls to 
intersect with the top cut of trench, 
later constructed at the ends of the 
crescent crest. The bottom cut off 
trench and the gully floor were lined 
with 10cm of good gravel and the 
heavy wire netting was placed in the 
bottom trench. 

 

Photo 6 

Trench and gully filled with rock 2:1 
 
The trench was then filled with fine 
rock (100mm to 200mm and gravel), 
up to half then topped up with the 
100mm to 400mm gravel mix, 
battered at approximately 2:1 so the 
bottom end of the fill sits on the gully 
floor approximately 5m from the top 
cut off trench.  
 

 

Photo 7 

Excavation of top cut off trench 
 
The gully head was filled up to the 
edge of the 1.5m bench where the 
topsoil was removed and then the 
top cut off trench was constructed. 












































































































































