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Foreword

Erosion is an ongoing press which all land managers need to recognise and minimise where possible.
From 2014 to 2019embers of the soil conservation and natural resource management community in the
Burnett and Mary River catchments had the opportunity to study erosion prosessel offer
rehabilitation gtions on over 100 propertiesthe publicationGully Erosion: Options for prevention and
rehabilitation; Experiences from the Burnett and Mary River catchments, QueeiBlaydnd Shepherd,
2019) followed these experiencelReaders are advsed to consult tis publication to gain an overview of
erosion control across many situations.

In the Mary River catchment, there has been six years of work&dice fine sediment to the southern
Great Barrier Reefesulting innew learnings on how to effectively rehabilitate gully erosidhis extended

and focused period of work has formed the basis for the information provided in this gtieauthors
haveworked as a team on all of the projects showcased in this guide and through a process of continuot
learning have adapted and refined erosion control practices to try ene@te the best possible, cost
effective rehabilitation and stabilisation outcomesNd @ KS NXB 3 A 2 ¢¥n@ dlowristreginik Waef R S
quality.

The work on erosion control will continue and the learning will continliee team hope that their
O2Y0AYSR onb &abdobskréatioSstptalsdediirStyiaid® cangive others a good heastart
on their soil erosion management journey.



1 Introduction

Erosion is the movement of soil and rock particles by wind or water. This natural process has shaped tl
topography of the landscape over millennia. The ratewhich erosion occurs depends oté natural
vegetationcover 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 humelusling our

food production with donesticated animals and cropbave 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 gul
erosion.

Maintaining good groundcover through sound pasture managementdiaduforage 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 agreegroundcover should be the highest priority in fragile gully laragees
Groundcovercan be difficult to manage given the light nature of the country but is super essential or the
place just falls apart.

1.1 Whatis gully erosion?

Gully erosion is a major environmental challenge that is widespread across Queensland lasd&aaies
are considered the worst stage of soil erosion and are acknowledged as a significant contributor c
sediment in water reservoirs and to the Great Barrier Reef lagoon.

Gully formation can be closely linked to soil types and situations whexedpsoil isdenudedand the
erosion prone subsoils are exposed to direct contact with rain drop splash and water #iowgson prone
az2zAfta KFgS | (Sydspeys®and siuthp vierR guickly 2vhed B contact with water. This is
referred to & dispersion and slaking.dispersion testplacing a large ped of soil in a jar of waterpvides
some indication of the degree of sodiciy propensity to slake.

All soils are made up of minerals, sasdt and clay, water, organic mattemicroorganismsand gas. All
these elements are arranged in various amounts and textures which affects the way the soil responds t
erosive forces. Very sandy soils allow the water to infiltrate down through the profile to deep drainage
I Y R ReBuf @unoff 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 soi
crack deeply and it will take a long time for runoff to occuless 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 w
result in extensiveunoff during intense rains. These soils tend to scald when vagettver islost from

the surface. As a general rubmils 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 v
water. The heavy blacdnd brown clay soils are prone to slaking and dispersion asaitbibugh they are
often very productive soils. The soil texture, organic matter and chemmia&kupwill affect the way
erosion developsso it is wise to get a soil test on eroding stildelp define the best solution to stabilise
and prevent moreerosion Detailed soil type descriptions can be found on Queensland Government WEB
AaAGSa AT e2dz aSIFNOK a02YY2y az2Aaf (GeéLlSa Ay vdzsSSy

Most soil will eventually have water running off dugiextended or intense rainfall events and as water is
concentrated in a narrow pathway between grass tussocks or insect and animal trails, the velocit
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
dissolve quicker than the topsoil. The topsoil may still have grass growing in it on the edges of the initi
bare soil patch. Often small waterfalls\@dop which again increases the speed and size of the erosion
event (seeFgure 1 below). This process continudseper and widerforming the gullies we see in our
landscapes.

Soil formation rates are quite slow and gully erostamaticallyaccelerats the rate of soil loss from a
landscape. Gullies are also a significant contributor of sediment to water coursethengosemajor
threats to sustainability in cropping, horticulture and grazing production systems if left unchecked.

If an erosion pth hasdeveloped to a depth exceeding 0.3 metres (m) and has active erosion at the head
and wallsit can be classed asgally.
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Figurel Gully advances (a) gully head development; (b) changes in height and bed slope as the gully advances
(From the Queensland Soil Conservation Guidelines, Ch. 13).

1.2 Whatinfluences gully erosich

As mentioned earliegully erosion is influenced by rainfall intensayd 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 naturehanged situation.
Human activities assaated with modern civilisations alsaffect all soil erosion processascluding gully
erosion.

1.3 Gully catchment water flowstimations

When considering a gully erosion sitg, critical importanceis the amount of water which is running
through the gul during rainfall events of differing durations and intensities. This is dirgdtlencedby
the size of the catchment, land slopesgetation type and vegetation covevelson the catchment and
the rate at which the soil naturally allows watwfiltration. For example, gully sites are most prone to
erosion following periods of extended drougkthen there is minimal groundcoveCalculations are
therefore regularly based on this scenario.

Calculations can be done to estimate the peak flows from gingn catchment by using thBational
Method, charts and descriptions provided in the Soil Conservation Guidelines for QueegiGapders 3

and 13 and the Appendix. A supporting spreadshéet a2 ! 59 Cf2¢ ¢22f /[ | ftoOdz |
help with @lculations lttps://www.publications.gld.gov.au/dataset/setonservation
guidelines/resource/e9316de@c0641ad4a7e3deeh15345c70. It is importantto seek the advice of an
experienced technical officer to assist with calculating the peak flow for your catchment.



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

Once you have the estimated floyysu 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 assi:
with the design of structures which need to accommodate the peak flows from the catchment.

If it isnot possible or economic to get professiomathnical advice on the peak flows and design widths of
rehabilitation options for erosion sites, a faldck 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 flaaughragully,
multiplied by the width of the flowwill give you a cross sectiaharea 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 sian of 3 square meters of water (i SeeFgure 2 below.

BN width of flow 5m  EREREA
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Figure2 Example of gully flow width and depth

If we consider that the water is flowing at a certain velocthen we can work out volume. Most gullies
will flow between 1and2 meters per secon(in/s) depending on the steepness of the gully floor and other
factors like roughness or vegetation in the gully flobhe velocitycan beestimated bymeasuing the
distancea floating objecttravelsin 1 secondor 10 secondsthen dividingthe distanceby 10 to get the
velocity in m/s. The water in the middle of tigaellywill be flowingthe fastest so it is wise tmeasurean
objectfloatingin the middle of the gully. If the water in the gully at approximately the hsgpeint of the

flow is travelling at 1.5m/s, then for every second a wall of water 1.5m multiplidtidogross section area

of 3m?, is flowing past. The result dtis multiplication is 4.5 cubic meters per second/g}) which is the
volume of water whih 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 desastructure to cope with this water safely. The most
destructive force causing erosion fromnoff 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.



The wider and shallower the water flowhe less velocity and less likely to erode. A rule of thumb is to
keep the flow deth 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 ofong grass will slow water down and increase depth without causing eroBipn.
increasing the design width of our structure, the depth of flow will be reduced to sedety our 4.5n¥s

of water. A complex set of factors affect the outcarbat reducingthe depth to 0.3mand widening the

path, reducesthe chance of erosionJsing calculations described in ts®il Conservation Guidelines for
Queensland for waterways in croppingnd weirs for gully chutesthe crest width neededto convey
4.5n/s of flow, at the safer velocity around 1m/&s between17m and19m.

This exercise is to provide an idea of the complexity of the design process. To get a suitahlbatidth
the depth of flow and velocity changso it is not just a simple exercise of puttimga new depth of flow

and multiplying the sum out. As the depth reducése velocity reduces als®o we have two variables
interacting which requires complex maths or trial and error calculations. Having someone to assist wit
the final design using th graphs and spreadsheets which have been develdpedhis purpose,will
improve the accuracy of the outcome and reduce the chance ofydoistwouts and structure failures.

1.4 How to decide what to do withraerosion sitewith gully potential

An erosionsite can always be initially managed through stock exclusion fencing to achieve optima
groundcover. Before undertaking further remediation the following is considesigéof the eroded gully
positionin the landscape and the catchment delivering watethe site. The next step is theorising what
remediation methods may work best at the site. The decision process described in Table 1 may provi
some options for those with limited experience at developing remediation strategies for erosion sites.

Soil type should beconsideed, however if you have erosion problems it is highly likely that the soils are
either slaking or dispersivelhe most important distinction is the inherent fertility and water holding
capacity of the soil. If the soil is a cking or uniform clay in open downs, Brigalow or Scrub land types
potential for quick revegetation will be higher than duplex soils on a spotted gum or Box land type. So
tests can show if soil modifiersuch asLime or Gypsumare needed to improvesoil structure and
chemical balance. These considerations can be addressed at each site before decisions on remediat
options are investigated.



Tablel Erosion remediation methodology decision process

Erosion problem

Cost, compéxity and disturbance

Hill slope, rill and
sheet erosio

lower higher
la 0STF2NB3Y!a 0ST2NB3!a o60STF2NB3Or
If low sloping
Fenceyotational landscape to 2% with

Stock management
reduce grazing
pressure, reduce
numbers

Contourstick rake
lines

grazing, position
cattle troughs to
enable more uniform
pasture utilisation

Strategic catour sod
seeding with wet
season spell

suitable soil types
thenfull cultivation
and improved pasture
grass and legume
species planted

Scaldg; topsoill
removed

As before plus@

As before plus@

Include spelling rad
fencing

Stockmanagement;
reduce grazing
pressure, reduce
numbers

Mulching to increase
organic matter.

Contourstick rake
lines
Fencing and spelling

Contour deep ripping
and seedindEXCEPT
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@

Include spelling and
fencing

Include spelling and
fencing

Include spelling and
fencing

Include spelling and
fencing

Gontour or graded
stick rakdines to slow
and divert water

Once off ligh density
grazing and seeding
and wet sason
spelling.

Designed diversion
bank ONLY¥ suitable
disposalarea for
water is availableFill
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.




Larger deper gullies
with catchments
above 10ha

Includefencing and
spelling

Includefencing and
spelling

Includefencing and
spelling

Includefencing and
spelling

Includefencing and
spelling

Contour or graded
stick rake lines to sloy
and divert water.
Fencingand spelling.

If catchment peak
flows below 3n¥s for
1in 50 yearainfall
event ANDsuitable
safe water disposal
site availablghen
designed diversion
bank,detention dam
with stable outlet
optional, fill gully,
seed, fence and spell

Gully head rockilf
with designed crest
width and rock size.

Could consider usg
geofabric to construct
a design width drop
structure.

Gully head rock fill
with designed crest
width and small rock
enclosel in strong
netting.

Fully designed rock
chute with designed
rock size.

Rock chute designed
usinggabion rock
baskets

Dam bywash erosion

Includefencing and
spelling

Includefencing and
spelling

Includefencing and
spelling

Includefencing and
spelling

Includefencing andspelling

Gully head rock fill
with designed crest
width and rock size.

Gully head rock fill
with designed crest
width and small rock
enclo®d in strong
netting.

Fully designed rock
chute with designed
rock size.

Rock chute designed
usinggabion rock
baskets

Break dam wall and create rock rnrass
through wall at design width. Fill wyash gully
andbuild bank so water flows through dam

wall break.

Sheetyrill and gully
erosion in cultivation
land

Include minimum and
zero tillages

Include minimum and
zero tillages

Return the paddock tc
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
singlewidth bank
spacings.




2  Gully Erosion Control usiftpck Chutes

Rock chutesproperly designedinstalled and maintainedmay be the best option to provide more
permanentgully 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 rehabilitgtigxperiences from the Burnett and Mary River
catchments, Queenslan@ay and Shepherd, 2019)hen it is critical that a gully head is stopped to
protect infrastructure or valuable resourcesrock 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 anc
permanence.

Rock chutes can be constructed using granaek of an appropriate sizand somegeofabric ona shaped

soil slope Geofabrics which haveeen used in the construction of rock chutes dexcel and BidinThese

can be ordered in the strength required to suit the size of rock you need to use on the tstal types

that are less dispersive and when the peak flows are lpther 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 w
gravel and rock alone when the rock is a good mix of sizes and compacted well.

It is essential all sites are fenced énsure good groundcover establishment and regeneration providing
long term site stability.

2.1 How do we go about designing a rock chute?

The basic shape for rock chutisshown below.The crest can be positiondd accommodatehe natural
landscape for miimal disturbance above the gully hedebr example,K S& R2y Qi KI @S G2
as long as the cresheets the design widtland is constructed leveDn completion of the chute structure,

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

Rock chutes and similar engineering structures need to have a rigorous design process taking into accol
the hydrological calculations which estimate the peak flows during rain events of a particular intensity
Orce the water flows are estimatedhe structure can be designed to manage those flowde main
components of the rock chutare a) crest width and flat section at the top leading to a batter to take the
water to the gully floor and) an apron or energydissipaterat the bottom which is kicked up to pool and
take the energy out of the water before it flows on down the gully fi@ee Kure 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 |
covering the chute with strong nettistitched withplain wire or by using gabion baskets.

Onemethodology for the calculations and designs can be obtained from the Soil Conservation Guideline
for Queensland (2015)'he spreadsheet called RAMWADE found in the Guidelines can assigeaith
flow calculationswaterway width calculations andiversion bank size calculations. Another spread sheet
available as freeware from the internet is CHUTHis spreadsheet will assist with specifying the size of
rock needed for a given peak flow, ¢bwrest width and batter length. Both spreadsheets are free and
with some initial training can provide invaluable assistance with rock chute deShgn.formula to
calculate the width of a weir or rock chute crest given a peak flow, is available iruttieli@es and can be
converted to a spreadsheet as well.
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Figure3 Example rock chute desigr{left) aerial view; (right) cross semti.

Critical compnents of rock chute desigopnstructionand maintenance

Estimate the water volume and water flow velocity entering ghdly head and proposechute.

With the water volume, velocity ahgully head cut depr, calculate the desired crest width and
length of the chuteThe batter often used is 3:1 or 4ik. if the gully head is 1m deeghe chute
batter length will be 3m or 4m as required. The lonter batter the better, as this redues the
water velocity in conjunction with the widthUpto 10:1 can be used if resourcakow i.e for wide
crests and long battersmaller rock can be usedliote however that the dtal rock required will
increasealong with cost

In high velocity andhigh 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 stee
pegs. Gabions are also an option in this situation.

Shape the gully head to the spécations of the structure needetde. construct the crest width,
batter and aproriengthas per thecalculated design specificationBhis data is usually supplied in a
Diagram(seeFigurel above. Ensure the top bench of the chute crest is excavatedp enough to
allow the size and depth of rock needed.

Constructcut off trenches top and bottom as designedf. using wire nettingplace this into the
trenches at this stage to allow connection over the rock after placement (see photo series)
Usegravel andgeofabric according to soil type and condition to cover badter soil prior to laying

the rock.

Have rock supplied in the designadesand stockpiled close to the chut&Vhere specifitargerock

size is unavailable, smaller rock can be usdt wmstallation 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 faillt 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.

Ensurethe energy dissipatiorapron is constructeaorrectly with larger rockrad a rise of at least
0.3m on the bottom lip (se€igure 3 above

Carefully ompact rocks into place on ¢hbatter if possible and whergeofabric is used, gee care

must be taken to ensure fabric is not damaged.

Fencing and stock management

Ongoing ge inspection following rain events is critical to ensure timely maintenance is undertaken
to prevent costly repairs.
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3  Variations on a theme: Rock chute refinemeatsl learnings

3.1 Background

In the Mary River catchmentver a hree-year period landholdes with gully erosion issues came forward
seeking advice for rehabilitation optiong/ith funding from the Great Barrier Reef Foundatitme Mary
River Catchment Coordinating Committee (MRC&&fj engaged with these landholders and provided
detailed rehdilitation options for a total otwenty-four gully erosiorsites. After a period of consultation
and designrefinement, the projects advanced to constructiorilhe structures were monitored following
the wet seasonthen maintenanceand smallmodificationswere completed as required

During this extended period of activjtthe design and construction team was supportegd two local
contractors with many years of experience and machinery suited todthersity and complexity of the
projectsinvolved. Smallemrojectsandthosewith tight access issuesere allocated to the contractor with
a skid steer 5-tonne excavator and dumpruck. largerprojects were allocated to the contracting team
with a 25tonne excavatorand dump truck. Both contractors wee widely known byandholders and
welcomed due to theigoodreputation in the region.

One landholder has also become very skilled at constructiolg chutes and has expanded his property
operation to quarrying his own rockThis landholder has become @rmof the constructionteam and has
mentored many other landholdergn addressing their erosion issuesid engaging withsoil erosion
mitigation works through théMary River Catchment Coordinati@pmmittee.

Having a set teanto design, project manage dnconstruct acrossll of the projects has provided the
platform for extensive learnings and refinements during teetended periodof construction and
monitoring. Thissituation provided a perfect opportunityor the team to document the learningurney
and theevolution of practical refinements necessitatday the diversesuite of project scenariosnd the
prevailingseasonal conditions

3.2 The starting point standardengineeredrock chute design

The basic design for a rock chute has beatlined inSetion 2. Conventionaprocedureshave provided
the recipe which includethe use ofgeofabric gravel rock, cut off trenchesand energydissipateraprons

on rock chute structures. More recentlynany engineers haveefined the use ofgeofabrics toa cut off
trench only and not the fullbatter. The exposed subsail the trenches anan the batter is sealed using
gravel with high clay contentThe geofabric can be used on top of this in the top cut of trenitie
changedpractice appeas to be aresponseto instances when some tunndling has occurred underhie
geofabric Dueto its exceptional strengththe ¥ 6 NA O A& Fto0fS (2 K2fR (KS
then collapgngfollowing a significant everwith the ensuing high cost of repair.

Themaodification tohigh claygravel aly in preference to geofabrion the structure, allows movement and
settling of rock.In this way, early observatigrof subsidence can be noted and timely maintenance action
undertaken.

High clay contengravelis prefared in order to seal the dispersive subsoils. This reduces the exposure
subsoils to direct water flowand subsequent erosiorilhis mimicsthe slow moistening which occurs
naturally when the topsoik in place and moisture infiltrates through the gtefto the subsoil.
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Giventhe evolution of this adaptation in rock chuttesign the approach taken for the first sites in the
Mary Rivercatchment wasto try to double the securityn the structure by using gravel across the whole
structure to 0.1m ad then also layng geofabric before the rock iplaced. This has been the standard
practice acrosshe twenty-four projectsmost recently completedDue to the diversity of sites there have
been some significant modifications and learnings incorporatetieniater projects. These learnings have
beenincorporated inthe 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 construc
work program.

In i KS  ( &pelefick each project NS |j dZA NER Y2RAFAOFGAZ2Y 2F GKS
accommodate the landscapbkudget availability of construction materials and site agse
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4
4.1

Rock chute refined

Mary River flood plain gullygully head rock fill chute

Rehabilitation type

Gully head ock fill chute

Description of gully

Gully2m deep 6m wide
300m to confluence with Mary River

Catchment size

104ha catchment

Flow rate 5.5n/sec (1 in 20 year rainfall event)
Landscape considerains/  soil | River flats with good ground cover of stoloniferous grasses
fertility
Other considerations 1 Cost
1 Landholder preference tase smaller earthworksachinery
to reduce impact on pasture
1 Inundation from river during medium to high flow even
andagi 2 OAF 1SR WRNI} ¢ R24YQ
1 Aim to minimise removal of the very good, establishe
stoloniferous grass cover
1 High priority site given proximity to downstream Mary riv
and fine sediment to theouthern Barrier Reef
Equipment 1 5T excavator, skid steer and truck
Final cost (earthworks ang $4,000

materials only)

=F

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

The first gully was 2m deep at the head cut on a lateral runner coming from the main river. The head we
narrow and deep and the catchment delivering to the gully head was approximatehaldf4river flats.
Thepeak flow was estimated at 5.5¥sec for a 1 in 20 rainfall event using the rational method. The gully
head had retreatedsignificantly releasing66t/yr of fine sediment If left unchecked, the gully would have
retreated acrosshe flat isolating a section of productive grazing land.

4.1.2 Challenges

The site was complicated due to the need to manage overland flow and inundatientlat is regularly
inundated by medium to high flood eventsThe second challengas with all sites irthis publication,
relates to lack of capital for rehabilitation works. Decisians the resulting adaptationtaken are always
a tradeoff between achieving the most effective outcome for minimal capital investment.

As the head cut was deep at 2 bater of 3:1 plus 1m bench at the top and 3m apron at the botfom
added up to a rock chute total length of 10m. Due to the inundagotential, it was felt that the structure
would need to beenclosed withwire netting to ensurethe rock did not move fromhe 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 o
stability on the flat.

4.1.3 Soldion

Instead of using a conventional rock chute design where soil would be excavated to a 3:1 batter, rock ws
used to fill the gully head and form 211 batter. The rock was encased in netting to stabilise the steep
batter. The advantage of this approachas reduced batter and apron lengthand minimised grass
disturbance Rock size used vedl00mmto 400mm as designed fno the freeware spreasheet\ @HUTER

The other consideration during planning was the size of machinery needed and potential cost. thee to
tight crescent shape of this gully heaahd another nearbythe smaller machinery combination gkid

steer and 5tonne excavator was chosen. This size machinery can also handle the rock size up to 400m
Forbiggerrock sizesthe larger machineare needed.

4.1.4 Design specificationand construction sequence

The aim was toanstructa rock chute by filling the gully head with mixed rock and gravel from 10Qm
400mm at leastor larger.Toincrease the stability of the rockeavy 1.6mm wire nettingiasused laced
together with 2.5mm plain wire to encagbe whole structure like aingle largegabion. The wiring is
labour intensive andncreasescost but provides a high level of security to the integrity of the finished
structure.

The benefits of a we netting covering have been observed over-ge@r period while monitoring other
rock chute structures constructed much earligrhich have performed through a number of large flow
events.

The landholder@Qwishes and observations of peak flow heightsvédhabeen considered in the design
approach.
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Photo2

Surveying the level crest

The level 16m uneven crescen
shapel crest was surveyed with
dumpy leveland marked as the firg
step.

Photo3
Dig bottom cut off trench

Photo4

Preparing the crest and gully walls

The gully head was tidied and shap
| slightly with overhangs and tunnel
collapsedand the topsoil pulled bac

0.6m x 0.6m cut dftrenches were
constructed. Due to access issué
with the skid steer for placing th
rock, the whole structurewas built
from the bottom up.
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.| netting and lined with clay gravel

- | The mttom cut of trench vas built
| first. It extended across the gully flog

.| crescent crest.The bottom cut off

Photo5

Completed bottom trench inlaid with

| approximately 4m from the gull
head and up the gully walls t
| intersect with the top cut of trench
later constructed atthe ends of the

| trench andthe gully floorwere lined
| with 10cm of good graveand the
| heavy wire nettingwas placed in the
bottom trench.

2¢ | 100mm to 400mm gravel mix,

1 Photo6
| Trenchand gullyfilled with rock 2:1

The trenchwas thenfilled with fine
rock (100mm to 200mm and gravel
| up to half then topped up with the

battered atapproximately 21 so the
bottom end of the fill sits on the gull
floor approximatelysm from the top
cut off trench.

Photo7

Excavation of top cut offrench

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