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 Rock Mulching
  EROSION CONTROL TECHNIQUE


Revegetation Temperate Climates Short-Term
Non Vegetation [1] Wet Tropics Long-Term
Weed Control Semi-Arid Zones Permanent
[1] Rock mulching can be used in association with established plants and newly established seedings.


Symbol


Photo 1  –  Rock mulching of garden bed in
arid environment


Photo 2  –  Rock mulching incorporated
into stormwater bio-retention swale (post


storm event)


Key Principles


1. Generally used for weed and soil-moisture control on garden beds in arid and semi-arid
areas.


2. Also used as an alternative to loose organic mulch in locations where a minor overland flow
passes across or along a garden bed.


3. Critical design parameters are percentage cover (ideally 100%) and depth of cover
(application rate) in low velocity areas, and mean rock size in areas of high flow velocity.


Design Information


Minimum 100% coverage of the soil surface.  


Typically a layer thickness of at least 50mm or twice the nominal rock size (whichever is larger).


Nominal aggregate (rock) size of 25 to 200mm.


Do not place rock mulch directly on dispersive soil. Ensure dispersive soils are buried under at
least 200mm of non-dispersive soil prior to placement of rock mulch.


Allowable flow velocities for rock with a specific gravity of 2.6 are presented in Table 1.


The equivalent allowable shear stress, based on a critical Shield’s parameter of 0.07 and a
safety factor of 1.5, is provided in Table 2.


The assumed Manning’s roughness for the gravel (used to determine the allowable flow velocity
from the allowable shear stress) is presented in Table 3. This Manning’s roughness is based on
a d50/d90 = 0.8 (i.e. a relatively uniform rock size). Note; d50 is the nominal rock size of which
50% of the rocks are smaller.
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Hydraulic design of rock mulching is only required if the surface is likely to be subjected to
significant overland flow that could displace the rock or otherwise cause erosion.


Table 1  –  Allowable flow velocity (m/s) for various rock sizes [1,2]


Nominal mean (d50) rock size (mm)Hydraulic
radius
(mm) 25 50 75 100 150 200


50 0.86 0.81 Highly turbulent, non-uniform flow.


75 1.04 1.03 0.99 Assume an allowable velocity 


100 1.17 1.21 1.18 1.14 of 1.5m/s.


150 1.35 1.47 1.48 1.46 1.40


200 1.47 1.66 1.71 1.71 1.67 1.61


300 1.61 1.91 2.03 2.08 2.09 2.06


400 1.71 2.08 2.26 2.35 2.42 2.42


500 1.78 2.19 2.42 2.55 2.67 2.71


[1] Based on a relative density of 2.6 (i.e. rock mass of 2.6 tonne/m3)
[2] Applicable to slopes less than 5%. Caution if applied to slopes of 5 to 10%.


Table 2  –  Allowable shear stress (N/m2) for various rock sizes [1]


Nominal mean (d50) rock size (mm)Hydraulic
radius
(mm) 25 50 75 100 150 200


N/A 18.3 36.6 54.9 73.2 109.8 146.3


[1] Based on a critical Shield’s parameter of 0.07 and a safety factor of 1.5.


Table 3  –  Assumed Manning’s roughness (n) of gravel [1]


Nominal mean (d50) rock size (mm)Hydraulic
radius
(mm) 25 50 75 100 150 200


50 0.031 0.046 0.060 0.074 0.099 0.124


75 0.027 0.038 0.049 0.059 0.079 0.097


100 0.025 0.034 0.043 0.052 0.068 0.083


150 0.023 0.030 0.037 0.043 0.055 0.067


200 0.022 0.028 0.033 0.039 0.049 0.058


300 0.022 0.026 0.030 0.034 0.041 0.048


400 0.022 0.025 0.028 0.032 0.038 0.043


500 0.022 0.025 0.028 0.030 0.035 0.040


[1] Based on a rock size distribution of d50/d90 = 0.8 (refer to Equation A19 in Appendix A – Construction
site hydrology and hydraulics).


The incorporation of flexible vegetation (e.g. native grasses) into rock-mulched swales (Photo 2)
can significantly increase the allowable flow velocity compared to either non-vegetated rock, or
vegetated swales without rock mulching. At this point in time no guidance can be provided on
what the allowable flow velocities are for such vegetated, rock-mulched, drainage swales.
Adoption of the allowable flow velocities presented in Table 1 would be considered a
conservative design approach.
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Description


Rock mulching is the application of a thick
blanket of rocks, aggregate or gravel on the
soil surface.


The term “rock mulching” normally refers to
the use of large rocks with little or no fines,
with the mean rock size (d50) based on the
expected overland flow velocity.


The term “gravelling” normally refers to the
application of gravel, included fines, on
roads and car parks.  It is generally not
used in areas of concentrated flow.


Purpose


Used for weed and soil-moisture control in
garden beds and for the stabilisation of
overland flow paths passing through garden
beds.


When used as a garden mulch, it can assist
vegetation growth by:
• reducing moisture loss from the soil;
• reducing watering demands;
• controlling soil temperature fluctuations;
• reducing soil erosion around the root


system of juvenile plants.


Rock mulching controls soil erosion by:
• reducing raindrop impact;
• protection the soil from high velocity


flow;
• reducing wind erosion.


Rock mulching can also be useful in arid
and semi-arid areas where continuous
vegetation cover is difficult to achieve, but
severe storm events, and therefore raindrop
impact, can still occur.


Limitations


The rock mulch should cover 100% of the
soil surface to give adequate protection
against erosion.


Rock mulching should not be placed
directly onto dispersible soils. Instead
dispersive soil should be covered with a
minimum 200mm layer of non-dispersive
soil before rock placement.


Advantages


Produces a low cost, trafficable surface.


Disadvantages


May not provide effective long-term weed
control unless incorporated with an
underlying weed control blanket.


Location


Garden beds in arid and semi-arid areas


Garden beds and overland flow paths not
protected with groundcover vegetation.


Bridge abutments under heavy shade-
producing decks that can limit vegetation
growth.


Common Problems


Severe erosion (rilling) regularly occurs
when rock mulching is placed directly over
a dispersive soil.  To reduce the potential
for such problems, dispersive soil should be
covered with a minimum 200mm layer of
non-dispersive soil before rock placement.  


Note: a filter layer, such as filter cloth,
usually does not provide adequate
protection (i.e. isolation and containment) of
the underlining dispersive soils.


Special Requirements


Important to make sure overland flow is not
deflected along the edge of the rock mulch,
but is allowed to flow freely across the
treated area.


For effective weed control, place the rock
mulch over a suitable weed control blanket.


Site Inspection


Check for erosion along the up-slope edge
of the rocks.


Check rock size and percentage cover.


Performance Indicators


Application depth measured at random test
locations.


Aggregate size, and particle size range
measured using conventional particle size
test procedures (if required).


Installation


1. Refer to approved plans for location,
extent, and application details.  If there
are questions or problems with the
location, extent, or method of
application contact the engineer or
responsible on-site officer for
assistance.


2. Spread enough rock to completely
cover the surface of the soil at the
density or thickness specified in the
approved plans.  If the application
density is not supplied, then apply at a
thickness of at least 50mm or twice the
nominal rock size (whichever is
greater).
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3. If the exposed soils are dispersive, then
ensure these soils are covered with a
layer of non-dispersive soil (minimum
200mm) before placement of rock.


4. Make all necessary adjustments to
ensure any surface flow is allowed to
pass freely across the treated area
following its natural drainage path.


Maintenance


1. Inspect all treated surfaces fortnightly
and after runoff-producing rainfall.


2. Check for rill erosion, or dislodgment of
the rocks.


3. Replace any displaced rocks to
maintain the required coverage.


4. If wash-outs occur, repair the slope and
reinstall rock cover.


5. If the rock mulching is not effective in
containing the soil erosion it should be
replaced, or an alternative erosion
control procedure adopted.
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 Erosion Control – General
  EROSION CONTROL TECHNIQUE


Photo 1  –  Application of erosion control
blankets and mats


Photo 2  –  Straw mulching


Soil erosion is the process through which the effects of wind, water, or physical action displace
soil particles, causing them to be transported.  The main factors affecting surface erosion are
rainfall erosivity, soil erodibility, slope length, slope steepness, soil cover, and the surface flow
conditions (i.e. flow type, velocity, duration, and frequency).


In this context, the term soil erosion includes the displacement of soil, earth, gravel, sand, silt,
clay, mud, sediment, cement, and contaminated liquid wash-off resulting from such activities as
equipment cleaning and material-cutting activities (e.g. concrete cutting).


Controlling the initial erosion of soils is often the only feasible strategy for minimising
environmental impacts resulting from disturbances of soils with a high clay or fine silt content.


It should be noted that complying with an agreed sediment control standard does not guarantee
that environmental harm will be avoided, or that sediment-laden water will not be released from
the site during severe storms. Therefore, taking all reasonable and practicable measures to
minimise soil erosion is essential if environmental harm is to be minimised.


Erosion control measures concentrate on preventing, or at least minimising, soil erosion,
especially erosion resulting from raindrop impact (Photo 3). Technically, erosion control refers to
the control of soil erosion caused by both sheet and concentrated flow.  As such, those
temporary drainage control measures placed on a construction site to appropriately manage
stormwater runoff are considered a subset of the overall erosion control process.


The principles of best practice (2008) construction site erosion control are outlined below.


1. Wherever reasonable and practicable, priority needs to be given to preventing, or at least
minimising soil erosion (i.e. drainage and erosion control measures), rather than allowing
the erosion to occur and trying to trap the resulting sediment. Where this is not practicable,
then all reasonable and practicable measures need to be taken to minimise soil erosion
even if the adopted sediment control measures comply with the required treatment
standard.


2. The standard of erosion control needs to be appropriate for the given soil properties,
expected weather conditions, and susceptibility of the receiving waters to environmental
harm resulting from turbid runoff.


3. Appropriate erosion control measures need to be incorporated into all stages of a soil
disturbance.


4. The timing and degree of erosion control specified in the Erosion and Sediment Control
Plan(s) needs to be appropriate for the given soil properties, expected weather conditions,
and susceptibility of the receiving waters to environmental harm resulting from turbid runoff.
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5. If tree clearing is required well in advance of future earthworks, then tree clearing methods
that will minimise potential soil erosion need to be employed, especially in areas of unstable
or highly erodible soil.


6. Erosion and Sediment Control Plans (ESCPs) need to specify the required application rates
for mulching and revegetation measures.


7. Erosion control measures need to be appropriate for the slope of the land and the expected
wind and surface flow conditions.


8. Wherever reasonable and practicable, the use of synthetic reinforced Erosion Control Mats
and Erosion Control Blankets needs to be avoided within bushland and other areas where
they could endanger wildlife such as ground-dwelling animals.


9. Wherever reasonable and practicable, measures need to be taken to apply appropriate
erosion control practices around the site office area and on temporary access roads to
minimise raindrop impact erosion and the generation of mud.


10. Finished soil surfaces need to be left in an appropriate roughened state and quality to
encourage revegetation where required.


11. Where appropriate, Erosion and Sediment Control Plans (ESCPs) need to incorporate
technical notes on suitable dust control measures.


12. The construction schedule or ESC installation sequence needs to ensure that soil
stabilisation procedures, including site preparation and revegetation, are commenced as
soon as practicable after each stage of earthworks is completed.


13. Topsoil needs to be appropriately managed to preserve its long-term value.


14. Plant species need to be appropriate for the site conditions, including compatibility with local
environmental values, and anticipated erosive forces.


Erosion control techniques include, but are limited to, the following:
• Bonded Fibre Matrix
• Cellular Confinement System
• Compost Blanket
• Dust Control
• Erosion Control Blanket
• Gravelling
• Heavy Mulching (including heavy brush, bark, and woodchip mulching)
• Light Mulching (including brush and straw mulching, and hydromulching)
• Revegetation (permanent and temporary revegetation, including turf, and dead and dormant


grass cover)
• Rock Mulching
• Soil Binders (including Polyacrylamide)
• Surface Roughening


For specific information on the above erosion control techniques, refer to the relevant fact
sheets.


Photo 3  –  Raindrop
impact erosion


Photo 4  –  Sheet
erosion


Photo 5  –  Rill
erosion


Photo 6  –  Gully
erosion
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 Erosion Control Blankets
  EROSION CONTROL TECHNIQUE


Revegetation Temperate Climates Short-Term
Non Vegetation Wet Tropics Long-Term
Weed Control Semi-Arid Zones Permanent


Symbol


Photo 1  –  Anchorage of the up-slope edge
of an erosion control blanket


Photo 2  –  Placement of erosion control
blankets (beige) on road batter, with


permanent erosion control mat (black)


Key Principles


1. Critical performance parameters include the ability to control raindrop impact and sheet
erosion of the underlying soil.


2. Erosion control blankets (ECBs) are used in locations likely to experience only low to
medium velocity sheet flow.


3. The key to successful revegetation is good soil condition, good surface preparation, and
intimate contact between the blanket and the soil.


4. Very important to ensure up-slope stormwater runoff passes over the surface of the blanket,
rather than flowing under the blanket.


5.  “Thin” blankets allow vegetation growth up through the blanket (i.e. placement over seeded
soil. Their erosion control properties can compare to “Light Mulching”.


6. “Thick” blankets may allow plant growth down through the blanket (i.e. seed placed by
hydroseeding, hydromulching or bonded fibre matrix sprayed onto surface of placed
blanket). Such blankets are desirable when the topsoil contains undesirable weed seed.
Their erosion control properties can compare to “Heavy Mulching”.


7. Synthetic blanket reinforcing can entrap wildlife such as lizards, snakes and birds.


8.  “Jute” blankets have a service life similar to that of a hessian bag placed on the ground (i.e.
approximately 3 months).


9. “Coir” blankets (made from coconut fibres) have a service life similar to a brown, fibre,
domestic doormat placed directly on the ground.


10. A “mesh” is an open weave blanket made from rope-like strands such a hessian (jute) or
coir rope.
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Design Information


Fabric-based Erosion Control Blankets (ECBs), Erosion Control Meshes, and Erosion Control
Mats (ECMs) all fall under the general category of “Rolled Erosion Control Products” (RECPs).
Erosion control blankets are generally applied to soils subject only to sheet flow such as road
batters. Erosion control mats and meshes are generally applied to soils subject to concentrated
flow such as within drainage channels.


When selecting an erosion control blanket it is important to determine what performance
features and attributes (Table 1a & b) are required.  Some of these features can be performed
by both natural and synthetic materials.  Synthetic (plastic) materials can cause environmental
concerns, but natural materials often have a shorter design life.


It is noted that hydraulic functionality is just one of many issues requiring consideration when
selecting the preferred product.


Photo 3  –  Jute blanket (thick) Photo 4  –  Wood shaving with temporary
synthetic netting


Photo 5  –  Coconut fibre blanket with
temporary synthetic netting


Photo 6  –  Wool blanket with synthetic
weed control backing
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Table 1a  –  Desirable features and requirements of erosion control mats and blankets for
various operational conditions


Operational
conditions Desirable features and requirements


Design life • Synthetic products generally have a longer service life; however, coir-
based products can survive longer than some non UV-treated
polymers.


• Permanent, UV-stabilised synthetics are general darker in colour (e.g.
black) as a result of the carbon stabilisation.


• Coir-based (coconut fibre) products generally last longer than jute-
based materials.


Flow velocity or
shear stress


• As a general indicator, the longer the product’s service life, then
usually the greater the allowable flow velocity and shear stress.


• Allowable flow velocity can be increased by using a synthetic “mulch”
layer, or increasing the strength of the mat reinforcing.


• The allowable shear stress of 100% organic-based fabrics can be
improved by anchoring the mat with a reinforcing mesh (such as jute
mesh), or stabilising the fabric with a bitumen spray or other suitable
tackifier.


Strong winds • Resistance to damage by wind is related to the spacing of anchor pins
and the strength of the mulch and/or root reinforcing.


• High wind resistance can be achieved in a 100% biodegradable form
by anchoring a jute/coir blanket with a jute/coir mesh.


Raindrop impact • Open weave fabrics, such as jute/coir mesh, provide only limited
protection against raindrop impact erosion, unless supported by a
bitumen emulsion over-spray, or placing the mesh over a suitable
blanket of loose mulch.


• A UV-stabilised, synthetic “mulch” layer can continue to provide
erosion protection even during periods of low vegetation cover.


Integration with
separate mulch
layer


• Fabrics that have a high friction surface will aid in the retention of
loose mulch placed on fabrics installed on steep slopes.


• Products such as nets, geonets and geogrids can be used to anchor
loose mulch to steep slopes.


Integration with
vegetation


• Grass seeding can be placed below “thin” jute/coir blankets, or on top
of “thick” jute/coir blankets. The use of “thick” blankets aids in the
suppression of weed seed contained within the underlying soil.


• The synthetic mesh within UV-stabilised TRMs can damage tree and
shrub roots.


Short-term use
without
vegetation


• Most products can be used for short-term erosion control or channel
lining even if the product was originally designed to function in
association with a vegetative cover.


• Filter cloth and weed control fabrics can often be used as short-term
channel linings on temporary batter chutes.


• In semi-arid environments where 100% vegetation cover is unlikely to
occur, and/or the establishment of vegetation is considered unreliable,
then coir-based organic products or synthetic mulch blankets may be
preferred.


Weed control • “Thick” organic-based blankets and woven synthetic blankets can be
used to suppress weed growth.
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Table 1b  –  Desirable features and requirements of erosion control mats and blankets for
various operational conditions


Operational
conditions Desirable features and requirements


Steep slopes • Most 100% organic-based blankets can experience significant
distortion (slip) when placed on steep slopes unless plant
establishment is quickly achieved. It should be noted that this
distortion does not necessarily mean that the blanket has failed.


• On steep sites, consideration should also be given to hydraulically
applied blankets, such as Bonded Fibre Matrices and Compost
Blankets.


• Some weed control fabrics incorporate a high-friction upper surface to
aid in the retention of loose surface mulch. For example, some
blankets incorporate a needle-punch wool upper surface layer. Of
course this particular feature will have a limited service life.


Temporary
batter chutes


• Non-woven fabrics generally have a lower allowable flow velocity, but
generally bond better to the underlying earth than woven fabrics, thus
there is usually a lower risk of erosion under the blanket.


• Woven fabrics have a higher allowable flow velocity, but can be more
susceptible to water flow passing between the fabric and the soil.


Impact on future
reuse of topsoil


• The use of blankets and mats reinforced with UV-stabilised synthetics
can interfere with the effective future re-use of any affected topsoil.


• Appropriate consideration must always be given the long-term
sustainability of a given product before it is selected for use on a site.


Site access • On steep sites or sites with poor access, consideration should be
given to hydraulically applied blankets, such as Bonded Fibre Matrices
and Compost Blankets.


Wildlife • Synthetic-based blankets should generally not be use within bushland
areas.  Small ground-dwelling fauna, such as lizards and snakes, can
become entangled in the netting. Ground-fossicking, granivorous
(seed-eating) birds are also at risk of entanglement within the mesh.


• The use of organic-based, 100% biodegradable fabrics is preferred in
within and adjacent to wildlife areas such as bushland.


Grazing animals • Synthetic-based blankets should be used with extreme caution in
areas used by grazing animals.


Pedestrian
traffic


• Some low strength blankets can experience significant disturbance
when subjected to pedestrian traffic.


• Biodegradable (non-metal) anchorage pins/staples may be required in
order to minimise safety risks to humans. It is noted rusty steel staples
can become exposed by surface erosion.


Mowing • Turf reinforcement mats that are topped with a light covering of soil
are less susceptible to damage from mowing.


Risk of grass
fires


• The susceptibility of permanent mats to fire damage varies depending
on the type of fire and the degree of earth cover.


• If the mats are used on permanent batter drains and catch drains,
then appropriate maintenance access may be required to allow
repairs and/or replacement of damaged matting.


Airports • Restriction may be placed on the choice of anchoring (stapling)
system typically within 9m of an airport runway. Generally the use of
metallic pegs and staples should be avoided to prevent damage to
aircraft tyres.
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In circumstances where reliable data (i.e. confirmed by laboratory testing) exists, selection and
design can be based on manufacturer’s design specifications. In circumstances where such
data does not exist, then selection of erosion control blanket should be based on Table 2.


Table 2  –  Default selection guide for erosion control blankets


Class 1 2 3
Type A B C AX BX CX A B C A B C D
Typical location Embankments Embankments Embankments, chutes & drainage channels
Maximum bank
slope (X:1)


4.0 2.5 2.0 4.0 2.5 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.0


Permissible shear
stress (Pa)


N/A 50 70 N/A 50 70 N/A 95 95 95 95 170 240


Allowable ‘sheet’
flow velocity (m/s)


<1 1.1 1.3 <1 1.1 1.3 1.3 1.5 1.5 1.5 N/A


Allowable
‘concentrated’
flow velocity (m/s)


<1 2.2 2.6 1.4 2.2 2.6 1.7 3.0 3.0 3.0 3.0 3.7 3.9


Mowing required
during plant
establishment
Pedestrian traffic
likely to occur
during plant
establishment
Wildlife friendly
Within 9m of
airport runways


Erosion control blanket/mat classification system 


A classification system for erosion control blankets and mats (e.g. Class 1, Type A) is provided
in Table 3. In general terms, this classification system is based on the following distinctions.


Class 1 blankets:
Class 1 includes those temporary, light-duty Rolled Erosion Control Products (RECPs) that are
primarily used in areas of ‘sheet’ flow, and thus are termed Erosion Control Blankets. A further
division is made by separating those products best used away from pedestrian areas (Type A, B
& C), and those products used in areas where the blankets may be subject to foot traffic or are
likely required to experience mowing during the service life of the blanket (Type AX, BX & CX).


Class 2 blankets/mats:
Class 2 includes those temporary, heavy-duty Rolled Erosion Control Products (RECPs) that
are primarily used in areas of medium shear stress such as embankment higher than 3m in
tropical areas, and drainage channels. These products may be termed Erosion Control Blankets
or Mats depending on their use.


Class 3 mats:
Class 3 comprises permanent, heavy-duty Rolled Erosion Control Products (RECPs), including
turf reinforcement mats, that are primarily used in areas of high shear stress such as drainage
channels and spillways/chutes. These products are typically termed Erosion Control Mats.


Note: The classification system presented in Table 3 is not comprehensive. Not all erosion
control blankets can be classified under this system. Specifically, Table 3 does not identify those
blankets with weed control properties.


Table 3 should not be used to prevent or limit the appropriate application of those unclassified
products. In all cases, the application of best practice erosion control requires the selection of
the technique or procedure most appropriate for the given site conditions.
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Table 3  –  Classification of erosion control blankets and mats


Class 1 2 3
Type A B C AX BX CX A B C A B C D
Typical location [1] Embankments Embankments Embankments, chutes & drainage channels
Permissible shear
stress (Pa) [2] N/A 50 70 N/A 50 70 N/A 95 95 95 95 170 240


Maximum slope [3]


(X:1)
4.0 2.5 2.0 4.0 2.5 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.0


RUSLE C-factor
(maximum)


0.2 0.2 N/A N/A


Used in drainage
channels


No [4] [4] No [4] [4] Yes Yes


Turf reinforce-
ment mat (TRM)


No No No No Yes


Minimum service
life


3 months [5] 3 months [5] 1 years [6] Permanent matting


Thickness (mm) N/A N/A 9 9 N/A N/A
Able to withstand
mowing [7] N/A Yes Yes Yes


Able to withstand
foot traffic [8] N/A Yes Yes Yes


Wildlife friendly [9] Yes N/A Yes N/A Yes N/A [10]
Anchor pins Any Biodegradable [11] Any Any


Primary blanket or matting component
Primary material Organic Organic [12] Organic [13] Synthetic
Manufacture Non-woven Non-woven [14] [15] [16] N/A Woven/welded


Netting component
Netting No Allowed No Allowed No [17] Yes Yes
Type N/A Any N/A Organic N/A [18] [19] Synthetic
% of weight (max) N/A 15% N/A 15% N/A 15% N/A
Photodegradable Allowable Allowable N/A Yes No
Biodegradable Allowable 100% 100% Yes No
Stitching
properties


N/A As for
netting


N/A As for
netting


N/A As for
netting


As for netting


Notes:
[1] “Typical location” is a general classification. The primary objective of the Type AX, BX & CX is to


ensure ongoing safety to pedestrian traffic potentially affected by rusty, metallic anchoring
pins/staples. Note; galvanised pins/staples are generally not acceptable due to limited anchorage of
the blanket/mat.


[2] Failure in shear is defined by either, separation of 10% of the blanket from the soil surface, and/or the
equivalent loss of 12mm of soil from the treated area (as per ASTM D6460-99 or equivalent).


[3] Maximum slope applied only when significant rainfall is possible prior to plant establishment.
[4] Blankets/mats may be used within minor (low velocity) drainage channels or on the banks of


waterways in locations where revegetation is expected to occur before subject to high flow velocity.
[5] Service life defined by the maintenance of a maximum Cover Factor (C) of 0.20 based on the


Revised Universal Soil Loss Equation (RUSLE) prior to establishment of the required vegetation
cover. A minimum 6 months service life may be required in locations where vegetation establishment
is known to be slow, such as during winter months.


[6] Service life defined by either the maintenance of a maximum Cover Factor (C) of 0.20 based on the
Revised Universal Soil Loss Equation (RUSLE) prior to establishment of the required vegetation
cover, or separation of 10% of the blanket from the soil surface, and/or the equivalent loss of 12mm
of soil from the treated area (as per ASTM D6460-99 or equivalent).


[7] Requirement to allow for mowing of the treated surface without causing damage to the blanket
applies to those areas where mowing of the emerging grass may be required prior to establishment
of the required (e.g 70% cover) vegetation cover.
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Table 3 notes (continued):


[8] Requirement to allow for occasional foot traffic without causing damage to the blanket applies to
those areas where occasional foot traffic is anticipated prior to establishment of the required (e.g 70%
cover) vegetation cover.


[9] Requirement for the blanket to accommodate potential ground-dwelling wildlife is typically required
when the blanket is placed adjacent to wildlife areas such as bushland, wildlife corridors, waterways,
and land containing grazing animals.


[10] Turf reinforcement mats can potentially affect and/or be damaged by grazing animals.


[11] Anchorage pins/staples may be required to be biodegradable (e.g not metal) in order to minimise the
risk of injury to humans, domestic animals, or wildlife following the long-term exposure of rusty or
otherwise dangerous obstacles buried in the soil. Biodegradable anchorage pins/staples are also
required on all blanket/mat installations within 9m of an airport runway. Note; it is the “rusting” of
metal staples that provides much of their anchorage properties.


[12] Manufactured from 100% jute or coir fibres, or combination there of.
[13] The parent material of Class 2 Type B & C blankets/mats must have a maximum water absorption


rate of 300%, by weight (ASTM D1117 or equivalent); and a maximum swell (wet thickness change)
of 30% (as per ASTM D1777 or equivalent). The lignin content must be greater than 38% (as per
Technical Assoc of the Pulp and Paper Industry test method T222 or equivalent).


[14] Jute and coir products may be either non-woven (thick blankets), or woven (mesh). Warning, jute
mesh may not be able to achieve the 1-year service life if located within a moist environment.


[15] Woven mats allowed with a maximum opening of 12mm.
[16] Woven or non-woven material allowed.
[17] Blanket can be reinforced with netting made from organic fibres only (e.g. jute or coir).
[18] Only organic fibres are allowed to avoid wildlife being trapped within the netting.
[19] Non-organic, photodegradable or biodegradable netting allowed.


Table 3 presents the flow stability properties of erosion control blankets and mats in terms of
permissible shear stress measured in units of Pascals (Pa). Permissible shear stress is
considered a more reliable measure of blanket’s resistance to damage by water flow and is the
measure typically used within Europe and USA; however, allowable flow velocity is more
commonly used within Australia.


Table 4 defines the relationship between permissible shear stress (Pa) and allowable flow
velocity (m/s) for various values of hydraulic radius (R). Table 3 is only appropriate for non-
vegetated erosion control blankets and mats based on the assumed Manning’s n roughness
presented within the table. The table is therefore appropriate for Class 1 and 2 erosion control
blankets.


Table 4 –  Equivalent allowable flow velocity (m/s) for a given permissible shear stress (Pa) for
non-vegetated erosion control blankets


Permissible shear stress (Pa)Assumed
Manning’s
roughness


Hydraulic
radius (m) 40 50 60 70 80 90 100


0.10 0.05 0.39 0.43 0.47 0.51 0.55 0.58 0.61
0.08 0.10 0.54 0.61 0.67 0.72 0.77 0.82 0.86
0.06 0.15 0.78 0.87 0.95 1.03 1.10 1.16 1.23
0.05 0.20 0.98 1.09 1.20 1.29 1.38 1.47 1.54
0.045 0.25 1.13 1.26 1.38 1.49 1.59 1.69 1.78
0.04 0.30 1.31 1.46 1.60 1.73 1.85 1.96 2.07
0.035 0.40 1.57 1.75 1.92 2.07 2.22 2.35 2.48
0.03 0.50 1.90 2.12 2.32 2.51 2.68 2.85 3.00
0.03 0.60 1.96 2.19 2.40 2.59 2.77 2.93 3.09
0.03 0.70 2.01 2.24 2.46 2.65 2.84 3.01 3.17
0.03 0.80 2.05 2.29 2.51 2.71 2.90 3.08 3.24
0.03 1.00 2.13 2.38 2.61 2.82 3.01 3.19 3.37
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Table 5  –  Examples of Class 1, Type A erosion control blankets [1]


Products Manufacturer
Jutemaster FM [2] Landplan Engineering Supplies
Jutemaster TM [2] Landplan Engineering Supplies


Coconut fibre mat [2] Sure Gro
Surejute (various thicknesses) [2] Sure Gro


MaxJute Fine [2] Treemax
MaxJute Thick [2] Treemax


Fibremaster (recycled textile) [2] United Bonded Fabrics
Geomaster (jute textile) [2] United Bonded Fabrics


[1] Not all of the above products are available in Australia. The data is supplied simple as a guide
to assist people in finding an equivalent local product.


[2] Preliminary classification (independent test results not observed).


Table 6  –  Examples of Class 1, Type B erosion control blankets [1]


Products Manufacturer
Curlex I WH American Excelsior


Curlex I American Excelsior
AEC Premier Straw SN American Excelsior


ECX-1 East Coast Erosion Systems
ECM S1000 Enviroscape


S31 Erosion Control Blanket.com
S31UVD Erosion Control Blanket.com


SS (formerly Proguard, S1 or Standard) Erosion Control Systems
Enviromat [2] Geofabrics Australasia


S75 North American Green
DS75 North American Green


DS150 North American Green
SC150 North American Green


Landlok S1 Propex
Landlok S1RD Propex


SNS SoilTex
Erosion King Rhino Seed and Turf Supply


V 75 S Verdyol
V 75 S FD Verdyol
Excel SR-1 Western Excelsior


Winters Straw *SNW Western Excelsior
Winters Straw SNG Western Excelsior


[1] Not all of the above products are available in Australia. The data is supplied simple as a guide
to assist people in finding an equivalent local product.


[2] Preliminary classification (independent test results not observed).
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Table 7  –  Examples of Class 1, Type C erosion control blankets [1]


Products Manufacturer
Curlex High Velocity American Excelsior


AEC Premier Straw DN American Excelsior
Curlex II American Excelsior


Curlex LT American Excelsior
AEC Premier Straw/Coconut American Excelsior


S32 Erosion Control Blanket.com
ProGaurd DS Erosion Control Systems
ECM S2000 Enviroscape


EG-2S Ero-Guard
S150 North American Green


DS150 North American Green
SC 150 North American Green


Landlok CS2 Propex
Landlok S2 Propex


DNS SoilTex
V 150 S Verdyol


Excel SS-2 Western Excelsior
Excel SS-2 Rapid Grow Western Excelsior


Winters Straw HVW Western Excelsior
Winters Straw HVG Western Excelsior
Winters Choice HV Western Excelsior


Erosion King II Rhino Seed and Turf Supply


Table 8  –  Examples of Class 1, Type AX erosion control blankets [1]


Products Manufacturer
Jutemaster TM [2] Landplan Engineering Supplies


Coconut fibre mat [2] Sure Gro
Surejute (various thicknesses) [2] Sure Gro


MaxJute Thick [2] Treemax
Fibremaster (recycled textile) [2] United Bonded Fabrics


Geomaster (jute textile) [2] United Bonded Fabrics
[1] Not all of the above products are available in Australia. The data is supplied simple as a guide


to assist people in finding an equivalent local product.
[2] Preliminary classification (independent test results not observed).
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Table 9  –  Examples of Class 1, Type BX erosion control blankets [1]


Products Manufacturer
Curlex I Fibrenet American Excelsior
Curlex II Fibrenet American Excelsior


AEC Premier Straw Fibrenet American Excelsior
S 31 BD Erosion Control Blanket.com
S 75 BN North American Green
S 150 BN North American Green


SC 150 BN North American Green
C 125 BN North American Green


Excel SR-1 All Natural Western Excelsior
Excel R-1 All Natural Western Excelsior


WintersStraw Bio Winters Excelsior


Table 10  –  Examples of Class 1, Type CX erosion control blankets [1]


Products Manufacturer
Curlex NetFree American Excelsior


S 32 BD Erosion Control Blanket.com
SC 32 BD Erosion Control Blanket.com


EXCEL SS-2 Western Excelsior


Table 11  –  Examples of Class 2, Type A erosion control blankets/mats


Products Manufacturer
Soil-Saver Jute Mesh [2] Landplan Engineering Supplies


[1] Preliminary classification (independent test results not observed).


Table 12  –  Examples of Class 2, Type B erosion control blankets/mats [1]


Products Manufacturer
Dekowe 700 Belton Industries
Dekowe 900 Belton Industries


BioD-Mat RoLanka


Table 13  –  Examples of Class 2, Type C erosion control blankets/mats [1]


Products Manufacturer
AEC Premier Coconut American Excelsior


C 32 Erosion Control Blanket.com
C 125 North American Green


C 125 BN North American Green
C 350 North American Green


LandLock C 2 SI Geosolutions
DNC SoilTex


V 125 C Verdyol
WintersCoir HV Winters Excelsior


For examples of Class 3 erosion control mats, refer to the fact sheet for Erosion Control Mats
located within the channel/chute linings section.
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Description


A biodegradable or synthetic blanket placed
(rolled) on the surface of an erodible
material.  Blankets form part of the generic
product range termed “Rolled Erosion
Control product” (RECP).


A wide range of geotextiles are available for
erosion control, each product having
specific features that make that product
suitable for a specified surface condition,
environment or task.


Temporary Blankets:
The product may be 100% biodegradable
or may be a composite geotextile
incorporating UV-sensitive netting for
improved short-term stability.  Commonly
used materials include jute (plant product),
recycled fibre (cotton waste), coir (coconut
fibre), excelsior (wood shavings), straw and
wool.  They have a useful life span of
around three to six months, but some
produces can last for more than a year
under light rainfall/dry conditions.


Weed Control Blankets:
Similar in content to normal erosion control
blankets, but are usually thicker.  An
increasing number of synthetic-based
products are becoming available that are
100% biodegradable, even though the
break-down process may take several
years.


Hydraulically-Applied or Spray-On Blankets:
These products include Bonded Fibre
Matrix (BFM) and Compost Blankets. They
are hydraulically sprayed onto the soil
surface where they dry to form a flexible or
semi-flexible blanket.  The spray-on
material may consist of seed, fertiliser,
tackifier and mulch contained in a water-
based slurry.  They are typically used as a
one-step process for erosion control and
revegetation.


Purpose


The primary purpose of erosion control
blankets is to protect exposed soils,
primarily on slopes, from the erosive forces
of raindrop impact.  Most blankets have
limited shear strength and thus are
generally not suited to areas of significant
(high shear stress) concentrated flow.


Erosion control blankets can also be used
to protect stockpiles from the erosive
effects of wind and raindrop impact.


Some blankets can be used to suppress in-
situ plant (weed) growth, while others act as


a mulch layer to promote seed germination
and plant growth.


When used as a weed control blanket,
seeding can (in some cases) be applied to
the surface of the blanket (usually in the
form of a hydromulch or BFM) to allow
establishment of the preferred plant
species.


Limitations


Synthetic-based blankets generally should
not be use in bushland areas.  Small
ground-dwelling fauna, such as lizards and
snakes, can become entangled in the
netting. Ground-fossicking, granivorous
(seed-eating) birds are also at risk of
entanglement within the blankets.


Synthetic-based blankets should also be
used with extreme caution in areas used by
grazing animals.


Most biodegradable blankets have very
limited shear strength and their resistant to
concentrated flow can deteriorate rapidly
over a period of a few months.


Adequate erosion control is generally not
achieved if placed directly on a dispersive
soil.


Advantages


From the wide range of commercial
products available, a specific blanket can
be chosen to manage the effects of
raindrop impact, sheet erosion, weed
growth, soil temperature fluctuations and/or
soil moisture loss.


Most blankets are quick to install, and
provide instant protection.


Disadvantages


Generally should not be placed directly over
dispersive soils. The exception may be
Compost Blankets (depending on the
degree of dispersion, slope and hydraulic
conditions).


Intimate soil contact is critical for blanket
success and therefore extensive soil
preparation is required before application to
an irregular (eroded) surface.


Most natural fabrics have a very limited
working life and low shear strength.


Synthetic-based blankets can be damaging
to local wildlife.
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Common Problems


“Tenting” caused by blankets being placed
over irregular surfaces (i.e. as a result of
poor surface preparation or blanket
placement).


Failure of the blankets when place directly
over dispersible soils. Such “failure” may
result in displacement of the blanket, or
severe rilling under the blanket.


Blankets are often overlapped in the wrong
direction causing the blankets to be
displaced by water flow.


Poorly anchored blankets are often
displaced by strong winds.


Special Requirements


Four general requirements exist for
effective protection against erosion:
• intimate contact must be achieved; 
• seepage flow should be discouraged; 
• surface irregularities removed; and 
• good anchorage must be provided.


The method of installation varies with the
type of material used and the purpose
being performed by the blanket.


Surface-laid blankets are generally laid over
at least 75mm of topsoil that is seeded,
fertilised, watered, and raked to remove any
large irregularities.


Site Inspection


Check that the blankets are adequately
anchored/trenched along their outer edges.


Check for erosion along the edge of the
blankets.


Check that the blankets overlap in the
direction of flow, and/or strongest wind.


If vegetation is expected to grow (emerge)
through the blanket, check that the blanket
has good contact with the soil.  The blanket
may need to be rolled after placement to
achieve good surface contact.


Materials


Unless otherwise specified, the following
material specifications should apply.


Geotextile blankets:
• Woven polypropylene fabric
• Minimum thickness of 1.5mm.
• Minimum width of 3.6 metres


Staples:
• Minimum 11 gauge steel wire
• U-shaped with 200mm leg length and


50mm crown


Excelsior blankets:
• Curled wood fibre blanket with 80% of


fibres longer than 150mm.
• Minimum roll width of 1200mm.
• Average weight of 0.43 kg/m2 "10%.


Straw blankets:
• Minimum roll width of 2m.
• Minimum weight of 0.27kg/m2.


Coconut fibre blankets:
• Minimum roll width of 2m.
• Minimum weight of 0.27kg/m2.


Installation


The method of installation varies with the
type of material used and the task being
performed by the blanket. Installation
procedures should be supplied by the
manufacturer or distributor of the product.
A typical installation procedure for rolled
erosion control products is described below.


Application of rolled blankets on slopes
not subjected to concentrated flow:


1. Refer to approved plans for location,
extent, and installation details.  If there
are questions or problems with the
location, extent, or method of
installation contact the engineer or
responsible on-site officer for
assistance.


2. Clear away trash and large stones, and
grade smoothly to eliminate footprints,
tracks and ruts.


3. Prepare a smooth seedbed of
approximately 75mm of topsoil.


4. Apply seed, soil ameliorants and water
as specified, then rake to remove any
remaining surface irregularities.


5. Commence placement of the blankets
at the top of the slope.  Bury the upper
edge of the blanket within a 300mm
deep trench and staple at 200 to
250mm centres.


6. The blankets may be placed lengthwise
either along the slope (parallel to the
contours) or down the slope (transverse
to the contours), but not diagonally
across the slope.


7. Overlap the sides of each blanket by at
least 100mm.


8. Bury the edge of the blanket located
along the outer most edge of the
treated area within a 300mm deep
trench and staple the blanket within the
trench at 200 to 250mm centres.
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9. Where more than one blanket is used
down the slope, overlap each blanket
by at least 300mm with the upper
blanket placed over the lower blanket
(shingle style).


10. When spreading the blankets, avoid
stretching the fabric.  The blankets
should remain in good contact with the
soil.


11. Staple the exposed fabric surface at 1m
centres.


12. Blankets, once fixed, may be rolled with
a roller weighing 60 to 90kg/m length,
then watered.


13. The installation procedure must ensure
that the blanket achieves and retains
intimate contact with the soil.


14. Damaged fabric shall be repaired or
replaced.


15. Where directed, an additional mesh
(jute or coir) anchor may need to be
placed over the blankets to minimise
displacement by strong winds.


Additional requirements associated with
use near airport pavements


1. Only blankets that are double netted
shall be allowed within 3m of any
airport pavement used by aircraft with
the exception of airports classified as


air carrier or corporate/transport. If the
airport is classified as an air carrier or
corporate/transport, there will be no
blankets allowed within 9m of pavement
used by aircraft.


2. Only biodegradable anchoring devices
shall be allowed in the installation of
any blanket for airport applications. No
metal staples will be allowed.


Maintenance


1. During the active construction period,
inspect the treated area fortnightly and
after runoff-producing storm events and
make repairs as needed.


2. The treated area should be inspected at
least fortnightly for the first 3 months.


3. Inspect the treated area to see if:
 (i) construction activity or falling debris


have damaged the blankets;
 (ii) runoff is undermining the fabric;
 (iii) the blankets are in good contact with


the soil; and
 (iv) the blankets maintain adequate


overlap.


4. If damaged, repair or replace the
damaged section. If water is
undermining the fabric, repair any holes
or joints or re-bury the upper ends of
the damaged sections.


Installation Notes:


Erosion control blankets should always be installed such that the up-slope blanket over-laps the
down-slope blanket in the direction of surface water flow as shown in Figure 1.


Figure 1  –  Placement of erosion control blankets


In circumstances where significant run-on water enters the upper edge of the treated area, this
up-slope edge of the blanket should be suitably trenched (as shown in Photo 1) to prevent water
passing under the blanket. The intent here is to prevent the displacement of the blanket, and to
prevent the separation of the blanket from the ground surface, thus maintaining ideal conditions
for the emergence of recently germinated seedlings.
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 Instream Erosion Control
  EROSION CONTROL TECHNIQUE


Revegetation Temperate Climates Short-Term
Non Vegetation Wet Tropics Long-Term
Weed Control [1] Semi-Arid Zones Permanent
[1] Weed control attributes can be incorporated into many instream erosion control techniques.


Symbol (not applicable)


Photo 1  –  Erosion control blankets
installed during channel revegetation


Photo 2  –  Jute mesh scour protection on
the upper bank and lower rock protection


Disturbed instream surfaces need to be rehabilitated as soon as practicable after instream
works have been completed. Channel banks, and the channel bed where appropriate, should
be actively revegetated rather than waiting for natural regeneration.


One of the best ways of minimising instream soil erosion resulting from instream construction
and maintenance activities is to minimise any in-channel disturbance, and the disturbance of
high-risk areas such as the outside of channel bends.  This can be achieved by:
• avoiding unnecessary disturbance of bed or bank vegetation;
• avoiding disturbance on the outside bank of a channel bend;
• minimising the soil disturbance needed to provide access to the site;
• not accessing the site via the outside of a channel bend, or via an unstable bank;
• using long-reach excavation equipment that allows all work to be done from the top of bank


rather than allowing machinery to access the channel bed.


Revegetation is one of the most effective long-term stabilisation techniques for both natural and
modified waterway channels. In-stream ecology can be further enhanced through the re-
establishment of associated bank and over-bank riparian vegetation.  Attributes of healthy
riparian vegetation include shading for water temperature control, the establishment of habitat
diversity, the creation of snags, and the linking of aquatic and riparian habitats.


Wherever reasonable and practicable, vegetation should extend to the water’s edge to increase
the value and linkage of the aquatic and riparian habitats. Rock protection of the bank toe
(Photo 2) is usually required to provide stabilisation during the plant establishment phase.


During plant establishment it may also be necessary to protect disturbed surfaces from short-
term erosion with the aid of Erosion Control Blankets, Mats or Mesh.  Erosion Control Blankets
and Mats reinforced with synthetic netting are not recommended for use along waterways
containing ground-dwelling wildlife (this is likely to include most natural waterways).
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The stabilisation of active channel erosion requires an understanding of the various types of bed
and bank erosion, the ability to recognise the causes of such erosion, and the ability to identify
appropriate treatment measures. This usually requires the advice of experts, and the approval
of the relevant State authorities.


(a) Bank scour:


Photo 3  –  Bank scour Photo 4  –  Bank scour on channel bend


Bank scour is the direct removal of material from the face or toe of the creek bank as a result of
flow velocity.


Causes include: high velocity stream flows, poor vegetation cover, excessive reed growth within
the bed of the creek, turbulence caused by fallen trees, or high velocity discharge from
stormwater pipes or culverts.


Treatment by vegetation primarily relies on the use of flexible ground covers in lower bank and
along waters edge, and low-branch woody species (e.g. shrubs) on mid and upper bank,
especially on the outer bank of channel bends. Generally the banks need to be “hydraulically”
rougher than the channel bed.


The use of trees within the channel may increase flow turbulence aggravating the erosion.


(b) Bank slumping:


Photo 5  –  Bank slump (River Torrens) Photo 6  –  Bank slumping (Murray River)
Bank slumping is the mass movement of bank material.  Geological slip circle failures are
included in this category.


Causes include: the removal of trees from the top of the bank, deepening of the channel by
erosion or dredging, an unusual or rapid lowering of flood waters following saturation of the
banks, or excessive fill material placed on or near the top of bank.


Treatment by vegetation primarily relies on the use of shrubs on mid and upper bank, especially
on the outer bank of channel bends, and deep-rooted trees on the upper bank and over-bank
areas, especially on steep and/or high banks.
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(c) Bank undercutting:


Photo 7  –  Bank undercutting Photo 8  –  Bank undercutting on channel
bend


Bank undercutting is the removal of material from the lower portion of a channel bank by “bank
scour”.  This erosion often results in the creation of an overhanging bank that usually fails in a
more violent slip than observed in traditional “bank slumping”. In effect, it is a combination of
bank scour and bank slumping, even though the two events may not occur simultaneously.


Causes include: a migrating low-flow channel, frequent high-velocity stream flows that are less
than bankfull flow, exposure of a weak soil layer within the bank, changing catchment hydrology
(e.g. urbanisation), or the removal of essential bank vegetation.


Treatment by vegetation primarily relies on the use of stabilisation of the lower bank with rock
and ground covers, including tall, flexible, reeds and grasses. Shrubs are often best placed on
mid and upper bank, especially on the outer bank of channel bends. Trees are primarily located
on the upper bank and over-bank areas, especially on steep and/or high banks.


The lower bank area often requires mechanical support (e.g. rock and/or groynes) during the
plant establishment phase.


(d) Bed scour:


Photo 9  –  Bed scour Photo 10  –  Bed scour


Bed scour is the direct removal of material from the bed of the creek either by high velocity
water flow (causing uniform scour along the bed), or the formation of a head cut (waterfall) that
migrates up the creek.


Causes include: clearing of vegetation from the channel resulting in increased flow velocities
(e.g. weed removal or de-snagging), changes in catchment hydrology (e.g. urbanisation and
land clearing), or the exposure of weak (e.g. dispersive) soils below the existing bed.


Bed stabilisation with grasses and other flexible, non-clumping, ground covers may be suitable
on ephemeral streambeds, otherwise the bed may need to be stabilised with rock. In gullies, the
erosion may expose poor quality soils that will require appropriate adjustment prior to
revegetation.
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(e) Head-cut (gully erosion and lateral bank erosion)


Photo 11  –  Active head-cut Photo 12  –  Lateral bank erosion
Head-cut erosion is a form of bed scour that normally results in a rapid drop in bed level
(waterfall) that migrates up the channel. Lateral bank erosion is the erosion of the creek bank
resulting from the entry of lateral inflows (usually stormwater) into the creek.  The erosion
usually takes the form of an upstream progressing erosion head (head-cut) that propagates
laterally from the main channel forming a “gully”.


Causes include: lowering of the channel bed, inflow of concentrated stormwater runoff, or
overbank floodwater re-entering the main channel.


Treatment normally involves hard engineering such as rock chutes, pool–riffle systems, and
grade control structures. In gullies, stiff grasses such as vetiver grass, can be used to slowly
stabilise and back-fill the gully with sediment.


(f) Fretting


Photo 13  –  Wave induced erosion Photo 14  –  Example of fretting erosion
Fretting is the direct removal of erosion prone material from the bank of a creek by wave action.
This erosion results in the undercutting and possible failure of the bank.


Causes include: wave action, exposure of erodible soils at the waters edge (e.g. boat movement
along a river and water-skiing), or the removal of essential vegetation such as mangroves.


The bank can be stabilised through the formation of a sandy “beach” in front of the eroded bank.
The beach acts as an effective energy dissipater for the waves. Alternatively, the bank can be
stabilised with rock, either with or without vegetation.
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Table 1 provides general guidance on the use of vegetation in the control of channel erosion.


Table 1  –  Vegetation types and erosion control characteristics


Type Scour control Bank stability Hydraulic issues


Aquatic
plants


Provide good stability to
the low-flow channel and
waters edge.


Can assist bank stability
by protecting the toe of
the bank.


Some plants (e.g. reeds)
can become inflexible as
plant density increases.
This can cause channel
flow to be deflected into
the channel bank causing
bank erosion.


Minor flow resistance if
the water depth is greater
than the plant height, i.e.
plant height is less than
the bank height.


Thick stands of reeds can
effectively block a
channel aggravating
upstream flood levels.


Ground
covers


The most effective form
of soil erosion control.  


Ground covers (including
grasses) generally
control only soil scour
(i.e. erosion of the
surface layer), not the
mass movement of soil
resulting from bank
failures.


To be effective, ground
cover plants should be
flexible and continuous.
Isolated, clumped plants
may aggravate soil
erosion.


Plants with a matted or
fibrous (hairy) root
system are the best in
sandy soils.


Usually ineffective in the
provision of mass
movement erosion.


These plants usually
have a shallow root
system and thus provide
only scour control.


They can be very
effective in the
stabilisation of channel
banks during the early
stages of revegetation.


Generally have little
effect on flood levels.


Some plants, such as
Lomandra, can grow to a
height of around 1 metre,
and thus may choke
small channels.  These
plants are best placed
near the toe of the bank
where they are fully
submerged during
regular flood events.


Shrubs Can provide effective
scour control if the
branches prevent high
velocity water from
coming into contact with
the soil.


Localised soil erosion
can occur around the
edge of isolated plants.


Shrubs can significantly
increase bank strength
depending on the height
of the bank and the depth
of the root system.


Unlikely to prevent
undermining of the bank
unless the shrubs are
located close to the toe of
the bank.


Shrubs have the greatest
potential to affect the
hydraulics of the
waterway and thus
increase upstream flood
levels.


Avoid the planting of
shrubs in areas where
flood control is important.


Trees Usually provide little
protection against soil
scour.


Some plants have root
systems that survive
when exposed to air.
Such plants can control
toe erosion.


Trees provide the main
form of bank
reinforcement to control
mass movement.


Trees are most effective
in the control of bank
slumping erosion and
bank undercutting (i.e. if
the roots penetrate below
bed level).


Grouped trees can
significantly affect flood
levels if their spacing is
less than say, 5 times
their trunk diameter.


Well-spaced trees with
branches above flood
level provide little
hydraulic interference.
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Table 2 outlines the attributes of various short- and long-term channel bank stabilisation
methods applicable during the channel revegetation phase.


Table 2  –  Bank stabilisation methods during channel revegetation


Bank stabilisation method Uses and attributes


Short-term measures
Hydraulically applied
blankets (Photo 18)


• Includes Bonded Fibre Matrix and Compost Blankets.
• Low to medium shear strength, thus only suitable for low


velocity channels.
• Suitable for application on irregular surfaces and steep


bank slopes.
• Compost Blankets can provide a nutrient source.


Jute or coir blankets/matting
(Photo 15)


• Low shear strength, thus only suitable for low velocity
channels.


• Require good soil preparation and removal of surface
irregularities from the bank.


Jute or coir mesh (Photo 19) • Medium shear strength.
• Generally suitable for the short-term protection of


drainage channels and minor stream and creeks.
• Typical design life in dry environments of 12 to 24


months.
• Do not represent a threat to wildlife.


Synthetic reinforced
blankets/matting (Photo 21)


• Medium shear strength
• Plastic mesh can represent a threat to wildlife.
• Generally not suitable for the stabilisation of


watercourses where wildlife such as lizards, snakes and
birds may be present.


Geo Logs (Photo 16) • Diversion of minor high-velocity flows away from
seedlings planted close to the water’s edge.


• Protection of plants along the water’s edge from wave
action, particularly in lakes.


• Must be used with extreme care if placed parallel to the
stream flow, otherwise erosion may occur behind the
logs.


Long-term measures
UV-stabilised Turf
Reinforcement Matting
(TRM)


• High shear strength.
• May be damaged by grass fires.
• Generally not suitable for the stabilisation of


watercourses where ground-dwelling wildlife such as
platypus and bank-nesting birds may be present.


Rock stabilisation of the
water’s edge or toe of bank
(Photo 20)


• Used in areas where channel velocities are high, but
near-bankfull flow velocities are low.


• Commonly used to minimise the risk of bank erosion
caused by minor flows during the revegetation phase.


Rock stabilisation (rock
beaching) of full bank


• Stabilisation of very steep channel banks, with or without
vegetation.


• Commonly used on the outside face of high velocity or
sharp channel bends, or to minimise the risk of bank
erosion caused by near-bankfull flows during the
revegetation phase.
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Photo 15  –  Erosion control blankets Photo 16  –  Geo log


Photo 17  –  Gabions Photo 18  –  Hydraulically applied blankets


Photo 19  –  Jute mesh Photo 20  –  Rock & vegetation


Photo 21  –  Synthetic reinforced blankets Photo 22  –  Vegetation
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 Light Mulching
  EROSION CONTROL TECHNIQUE


Revegetation Temperate Climates Short-Term
Non Vegetation [1] Wet Tropics Long-Term
Weed Control Semi-Arid Zones Permanent
[1] When used in the absence of vegetation/seeding, light mulching can be used to provide temporary


erosion control.


Symbol  (not applicable)


Photo 1  –  Hydro-mulcher Photo 2  –  New grass emerging through
light coverage of straw mulch


Key Principles


1. The primary function of light mulching is to achieve effective short-term erosion control
through coverage of the soil surface, thus the effective percentage surface cover is the key
application measure.


2. Operational performance is governed by the control of raindrop impact erosion and dust.


3. Primarily used in association with grass seeding to control raindrop impact erosion and
reduce plant watering requirements.


4. Applicable in all climates. Straw mulching is particularly useful in areas where water
conservation is critical, while Bonded Fibre Matrix are useful during heavy rainfall.


5. Can be used as an alternative to grass seeding during times of severe drought; however,
seed should be applied to the treated area prior to the return of erosive rainfall.


Design Information


Loose mulches such as straw are generally spread evenly to a maximum depth of 50mm.


Minimum 70 to 80% coverage of the soil surface (depending on location and soil type).


Application can be achieve over approximately 1 to 2 hectare per day per spreader unit.


The following application rates are provided as a guide only. Seek local expert advice.
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Bonded Fibre Matrix (BFM)


Bonded Fibre Matrices are hydraulically applied mulches that perform a function similar to
blankets once dry. They have a viscous bonding agent that dries to form a protective skin over
the soil surface. Once dry, it often takes on the appearance of a thick layer of papier-mache.


Bonded Fibre Matrices contain long wood-fibre strands as the basis for their mulch.  Mulch,
glue, seed and fertiliser are all contained within the slurry. The process differs from
hydromulching due to the incorporation of non-wetting glues, thus allowing better performance
in wet environments. However, unlike hydromulch, the dry matrix is easily damaged by vehicular
or heavy pedestrian traffic, which allows water to enter under and detach the matrix.


BFMs typically require 12 to 24 hours to dry before they become fully effective.


Application rates of 4 to 6t/ha of organic material, typically a minimum application rate of 5t/ha
(0.5kg/m2) is specified with a minimum 400kg/ha of non re-wettable (non re-wetting) tackifier.


Hydromulching


Hydromulching involves the spraying of a slurry mix consisting of seed, fertiliser, paper pulp (1.5
to 2t/ha) or wood pulp (not less than 2.5t/ha) and acrylic polymer or other tackifier (5 to 10% by
weight). Generally the longer the fibre length the better for erosion protection. Typical tackifiers
include: acrylic copolymer, guar, psyllium (refer to Mulch Tackifier fact sheet).


Hydromulching can be used for the establishment of grasses and some native shrub species.


Hydromulches can be sprayed directly from a truck up to 30 metres, or via hose extensions up
to 100 metres (contact operator for specifics).


The seed generally sticks to the pulp, which improves the microclimate for germination and
establishment. The rate of application should be between 30,000 and 40,000L/ha, or 2.2 to
3.4t/ha with a desirable minimum 80 to 100% cover.


Hydromulching can be problematic within the wet tropics, where the use of substances such as
Bonded Fibre Matrix that incorporate non re-wettable glues may be preferred.


Sugarcane mulches are typically applied at rates of around 2 to 3t/ha of organic mulch with 40
to 60kg/ha of a tackifier mix on slopes up to 3:1 (H:V). Dry time is around 3 to 5 days, after
which twice-daily watering commences as required (in the absence of sufficient rain). High
pressure jet watering should not be used on hydromulch.


Straw Mulches


Straw has traditionally been the most commonly used mulch, particularly in conjunction with
seeding. Other than in bushland areas, wheat or oat straw is suitable. The mulch should be dry
when applied, weed-free with a low leaf content, and a minimum strand length of 100mm.


Expected reduction in erosion rates are (Fifield, 2001):
• 75% at 1.1 tonnes/ha 
• 87% at 2.2 tonnes/ha 
• 98% at 4.5 tonnes/ha


Application rate of 200 to 300 bales per hectare, or 2.2 to 5t/ha (machine placement), or 1 bale
per 25 m2 (hand spread).  Straw blowers can distribute straw a maximum 45m depending on the
wind.


As a general rule, straw mulching is preferred in dry areas where water supply is limited (due to
its ability to reduce watering needs), while hydromulching is preferred in the more temperate
areas.


Straw mulch tackifiers typically usually consist of 1000 to 2000L/ha of 50:50 anionic bitumen
emulsion, or 250L/ha polymer binder (refer to Mulch Tackifier fact sheet).
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Wood Cellulose Fibre Mulch


These mulches consist of short cellulose fibres typically applied by a hydroseeder or hand
placement.  Wood fibre does not require tacking, although tacking agents can be added to the
slurry. In the absence of a tackifier, however, the mulch can be less stable on steep slopes.


Wood fibre hydro-seeder slurries may be used to tack straw mulch on steep slopes, critical
areas, and where harsh climate conditions exist.  Wood fibre mulch, however, does not provide
sufficient erosion protection to be used alone.


Wood fibre mulches are generally short lived and need 24 hours to dry before rainfall occurs.


Application rate of 2 to 2.5t/ha of wood pulp, or 60:40 to 70:30 wood fibre:paper mix, plus
112kg/ha of tackifier. Hydroseeding trucks can typically hold 1600 to 11,000L of slurry.


Cotton Fibre Matrix (CFM)


Cotton Fibre Matrix is an erosion control product developed in cooperation with the U.S.
Department of Agriculture (USDA) and the U.S. Cotton Incorporation. It is made from a
combination of cotton gin by-products, straw, tackifiers, and additives.
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Description


Light mulching is the application of a
protective blanket of straw or other plant
residue to the soil surface.


Light mulching can be applied as either a
‘dry’ or ‘wet’ process.  Dry mulch usually
consist of organic materials such as straw,
green waste, or a thin biodegradable
erosion control blanket.  Wets mulches are
applied with hydraulic equipment and
usually contain wood fibre or paper slurry.
Wet mulching methods include hydro-
mulching and Bonded Fibre Matrices.


Purpose


Light mulching is primarily used during
revegetation to promote seed germination
and reduce soil erosion.  Light mulching is
not used for weed control.


Light mulching assists seed germination
and growth by:
• reducing moisture loss from the soil;
• reducing watering demands;
• controlling soil temperature;
• reducing seed loss by stormwater


runoff;
• controlling surface sealing and crusting


of the soil;
• sustaining soil organisms;
• providing nutrients.


Light mulching controls soil erosion by:
• reducing raindrop impact;
• promoting quicker and more vigorous


grass establishment;
• reducing wind erosion;
• reducing surface sealing, thus


increasing rainwater infiltration.


Mulching (light or heavy) is most useful
when used on clayey soils that potentially
could release high levels of turbidity.


Limitations


Some mulches cannot be used in bushland
areas due to possible introduction of
unwanted seed.


Light mulching is not suitable for areas of
concentrated flow.  Instead, consider the
use of Rock Mulching, or Erosion Control
Blankets.


Mulch should cover 80% (minimum) and
ideally 100% of the soil surface to give
adequate protection against erosion.


Mulching should not be placed directly onto
dispersive soils.


Useful life of approximately 2 to 6 months.


Advantages


Mulching is generally the most effective and
practical means of controlling erosion prior
to and during vegetation establishment.


Straw mulching is particularly useful in
during periods of drought, and in arid and
semi-arid areas to reduce watering
requirements during plant establishment.


Disadvantages


May be displaced if subjected to flooding or
concentrated overland flow, or if the site
has inadequate drainage control.


If washed from the site during heavy
storms, or if incorrectly applied, bitumen-
based tackifiers can pollute receiving
waters.


Potential for the introduction of weed seed
(e.g. inappropriate straw mulch) or
unwanted plant material.


Common Problems


Mulch washed from slopes caused by
inadequate up-slope drainage control.


Mulch blown from the site caused by
inadequate anchorage or tacking (gluing).


Inadequate coverage of mulch allowing
raindrop impact erosion and turbid runoff.


Weed infestation caused by poor quality
control in the manufacture and/or sale of
straw, or in the use of hay instead of straw.


Special Requirements


In windy areas, or on steep slopes, straw
mulch may be anchored by “crimping” the
mulch into the soil with agricultural
machinery, by applying a tackifier, or by
covering the mulch with a suitable mesh
such as jute or coir mesh.  Crimping is not
recommended in sandy soils.


Application of a suitable tackifier is the
preferred method for anchoring straw
mulch.


Light straw mulch should be spread evenly
with a maximum depth of 50mm.


Site Inspection


Area may need re-application if the
vegetation does not establish in the
required time.


Look for displacement by wind or water.


Check coverage of soil.
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Performance Indicators


Application rate can be measured by
placing shallow trays at random locations
across the proposed treatment area prior to
application of the mulch. The trays (of
known surface area) are dried and weighed
pre and post application to determine actual
dry application rate. The wet application
rate (i.e. with water) can also be recorded.


Percentage cover can be measured using
the quadrant method (a grided inspection
plate which is photographed and analysed)
or by visual estimation (refer to the
Revegetation fact sheet).


Operational performance with respect to the
control of raindrop impact erosion can be
measured by comparing the relative change
in land elevation of a mulched surface with
an adjacent non-erodible surface such as a
metal plate set into the soil level with the
soil surface.


The metal plate must be attached to the soil
surface without solid foundations such that
the plate can respond to any natural soil
compaction, but not be affected by soil
erosion (i.e. do not compare the newly
mulched surface with a solid object such as
a concrete kerb or building foundation).


Operational performance with respect to the
control of dust can be measured using
traditional dust collectors.


Materials (General)


• Mulch: to the maximum degree
practical the mulch shall be free of
weed species especially prohibited
noxious weed seed.  Do not use woody
or other heavy materials than may
interfere with the emergence of
seedlings.


Application (General)


1. Refer to approved plans for location,
extent, and application details.  If there
are questions or problems with the
location, extent, or method of
application contact the engineer or
responsible on-site officer for
assistance.


2. Ensure the surface is free of deep track
marks of other features that may result
in flow concentration down the slope.
Where necessary, establish up-slope
drainage controls to limit run-on water
that may disturb the mulch.


3. Spread enough mulch to completely
cover the surface of the soil at the
density or thickness specified in the
approved plans, but not greater than
50mm.


4. Machine applications shall comprise a
minimum of two passes in opposite
directions unless otherwise specified.  


5. During application, all reasonable
efforts shall be taken to avoid spray
onto roads, pathways, drainage
channels not intended for application,
and existing vegetation.


6. Suitable anchorage of the mulch must
be accomplished immediately after the
mulch has been placed.


7. Ensure the mulch is restrained from
excessive movement by wind or
stormwater runoff by the appropriately
application of an approved tackifier.  On
flat or gentle slopes, straw mulch may
be fixed to the soil by mechanical
crimping.


8. If the treated area was seeded,
continue to water after mulching in
accordance with weather conditions, or
as required to obtain suitable
germination and plant establishment.


9. Application (spraying) of a tackifier
must not be performed during periods
of windy conditions that would prevent
the proper placement of adhesive.


10. The Contractor must take appropriate
steps to protect all traffic, signs,
structures, and other objects from being
marked or disfigured by the tackifier
material.
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Application (hydromulching)


The following specification applies to grass
seeding, not the application of native tree or
shrub seed.


1. Refer to approved plans for location,
extent, and application details.  If there
are questions or problems with the
location, extent, or method of
application contact the engineer or
responsible on-site officer for
assistance.


2. Ensure the surface is free of deep track
marks of other features that may result
in flow concentration down the slope.
Where necessary, establish up-slope
drainage controls to limit run-on water
that may disturb the mulch.


3. Prior to application, roughen the soil
surface and fill areas by rolling with a
crimping or punching type roller or by
track walking where practical.


4. If the soil is dry, water the treatment
area before hydroseeding to increase
penetration of the adhesive and
fertiliser additives.


5. Add straw, wood or paper cellulose
fibre mulch to the slurry at the specified
rate, otherwise at a rate of 2 to 3 tonnes
per hectare.


6. Machine applications shall comprise a
minimum of two passes in opposite
directions unless otherwise specified.  


7. During application, all reasonable
efforts shall be taken to avoid spray
onto roads, pathways, drainage
channels not intended for application,
and existing vegetation.


8. The Contractor must take appropriate
steps to protect all traffic, signs,
structures, and other objects from being
marked or disfigured by the mulch
and/or associated tackifier.


9. Continue to water after allowing 24
hours drying time.  Water in accordance
with the weather conditions, or as
required to maintain suitable
germination and plant growth.  The
wood-fibre should be kept moist until
germination occurs.


Maintenance


1. Inspect all mulches fortnightly and after
runoff-producing rainfall and strong
winds.


2. Check for rill erosion, or dislodgment of
the mulch.


3. Replace any displaced mulch to
maintain the required coverage.


4. If stormwater runoff displaces more
than 10% of the mulch, then investigate
the need for additional drainage
controls to prevent further
displacement.


5. Continue inspections until vegetation is
suitably established or erosion control
is no longer required.


6. If the mulching is not effective in
containing the soil erosion it should be
replaced, or an alternative erosion
control procedure adopted.
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 Compost Blanket
  EROSION CONTROL TECHNIQUE


Revegetation Temperate Climates Short-Term
Non Vegetation Wet Tropics Long-Term
Weed Control [1] Semi-Arid Zones Permanent [2]


[1] Can be used to suppress the emergence of in-situ weeds.
[2] Permanent protection can only be provided through vegetation establishment.


Symbol


Photo 1  –  Partial application of compost
blanket


Photo 2  –  Compost blanket during
vegetation establishment phase


Key Principles


1. Critical performance parameters include the ability to control raindrop impact and sheet
erosion of the underlying soil, and the ability to establish the desired, sustainable vegetation
cover.


2. 100% coverage of soil surface is required.


3. Generally suitable for use only on areas subject to “sheet” flow.


Design Information


Composts must comply with the requirements of AS4454.


The method of application, and the selection of seed content and tackifier must be based on the
topography, soil properties, and expected weather conditions (based on weather forecasting
and historic climatic conditions).


The maximum recommended bank slope of 1:1 (100%).


Recommended application rate of 25–50mm depending on slope and underlying topsoil
thickness and quality, unless otherwise supported by experience gained from local trials.
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Description


A surface applied high-grade compost
containing selected plant seed, soil
ameliorants, tackifiers, soil wetting agents,
and bacteria and fungi foods.


The compost is usually applied using a
blower truck.


Unlike conventional mulches, composted
mulches have been allowed to biologically
degrade for a predetermined period
resulting in a relatively stable product
generally free of viable seed content, thus
reducing the risk of importing weed species.


The high temperature (55°C) pasteurisation
process eliminates the biological viability of
the seed content, and animal and plant
pathogens.


Purpose


Used for both erosion control (wind and
rainfall impact), and site revegetation.


The attributes of compost blankets are best
realised when used on steep slopes where
there is little or no existing topsoil, or where
the in-situ topsoil cannot be reused.


Can be used as a soil conditioner for
exposed, heavily-compacted soils that
cannot be mechanically reconditioned due
to poor machinery access or potential
damage to existing tree root systems by
such mechanically reconditioning. Compost
blankets increasing the organic content of
the soil, thus increasing stormwater
infiltration.


Used as a soil conditioner when vegetating
exposed, low fertility, subsoils.


Commonly used for the revegetation of
roadside embankments and verges.


Limitations


The ability of compost blankets to withstand
concentrated flows depends on the choice
of tackifier and the expected rate of
vegetation establishment.


Maximum bank slope of 1:1 (100%).


Not suitable for placement directly on highly
dispersive soils.


The placement of a compost blanket on
slightly dispersive soils may be possible
under ideal conditions; however, a
minimum 100mm layer is recommended.


Advantages


The residual compost contains many of the
plant-growth properties (nutrients) desired
within a topsoil.


Use of a compost can avoid the need to
import topsoil, thus reduces the risk of
importing weed seed.


Composts have a significantly lower risk of
containing weed seed compared to ordinary
mulches.


Composts can improve plant growth rates
on impoverished soils, while also helping to
break-up compacted subsoils, thus allowing
better long-term plant growth.


Compost Blankets are significantly more
stable than loose mulch blankets, and do
not tie up important plant nutrients such as
phosphorus and nitrogen.


Compost can be applied to very steep
slopes (up to 1:1) depending on bank
stability, surface preparation and the binder
used.


Compost blankets can reduce stormwater
runoff rates over the short-term.


Compost products represent a sustainable
recycling of domestic and commercial
garden waste.  Local governments can
develop in-house compost production.


Unlike some mulches, compost blankets
are not subject to nutrient stripping during
the decomposition of the blanket.


Disadvantages


Generally requires a minimum treatment
area of 250m2 to justify set-up costs.


Special Requirements


Compost certification must comply with the
requirements of AS4454.


Choice of tackifier depends on land slope
and potential surface flow conditions (i.e.
stormwater run-on and runoff).


It is important to ensure drainage from the
surrounding catchment does not cause
displacement of blanket.


A geogrid or synthetic two or three-
dimensional blanket may be incorporated
into the blanket to increase short and long-
term stability on steep slopes.


The blanket must extend at least 1m
beyond the top of embankments steeper
than 4:1 (H:V) to minimise the risk of up-
slope run-on water flowing under the
blanket.
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Location


Steep embankments or slopes containing
little or no in-situ topsoil.


Site Inspection


Ensure 100% coverage of the blanket (i.e.
no exposure of the soil).


To the maximum degree practical,
randomly check for even coverage (i.e.
depth of blanket) without walking on the
treated surface.


Performance Indicators


Application depth measured at random test
locations.


Application rate can be measured by
placing collection trays at random locations
across the proposed treatment area prior to
application of the mulch. The trays (of
known surface area) are dried and weighed
pre and post application to determine actual
dry application rate. The wet application
rate (i.e. with water) can also be recorded.


Percentage cover can be measured using
the quadrant method (a grided inspection
plate which is photographed and analysed)
or by visual estimation (refer to the
Revegetation fact sheet).


Materials


• Composts must comply with the
requirements of AS4454.


• Well-decomposed 100% organic matter
produced by controlled aerobic
(biological) decomposition.


• Maximum of 1% of inert material.


• Maximum soluble salt concentration of
5dS/m, and pH range of 5.0 to 8.5.


• Moisture content of 30 to 50% prior to
application.


Application


1. Refer to approved plans for location,
extent, and application details.  If there
are questions or problems with the
location, extent, or method of
application contact the engineer or
responsible on-site officer for
assistance.


2. Ensure all necessary soil testing (e.g.
soil pH, nutrient levels) and analysis
has been completed, and required soil
adjustments performed prior to
application.


3. Ensure the surface is free of deep track
marks of other features that may result
in flow concentration down the slope
even after placement of the blanket.


4. Where necessary, establish up-slope
drainage controls to limit run-on water
that may disturb the mulch.


5. Spread enough compost to completely
cover the surface of the soil, and as a
minimum, at the application rate or
thickness specified in the approved
plans.


6. Take necessary steps to ensure the
blanket is applied at a near uniform
thickness, noting that thickness will vary
if applied to irregular surfaces.


7. Ensure the applied blanket extends at
least one (1) meter beyond the top of
any embankment steeper than 4:1
(H:V), or otherwise to minimise the risk
of up-slope run-on water flowing under
the blanket.


8. During application, all reasonable
efforts must be taken to avoid spray
onto roads, pathways, drainage
channels not intended for application,
and existing vegetation.


9. Ensure the compost is restrained from
excessive movement by wind or
stormwater runoff by the appropriately
application of the specified tackifier.


10. Watering should be undertaken to wash
soil ameliorants into the soil profile. If
the treated area was seeded, continue
to water after application of the
compost in accordance with weather
conditions, or as required to obtain
suitable germination and satisfactory
plant establishment.


Maintenance


1. During the construction period, inspect
all treated areas fortnightly and after
runoff-producing rainfall and strong
winds.


2. Check for displacement of the compost.


3. Replace any displaced compost to
maintain the required coverage.


4. Continue inspections until vegetation is
suitably established or erosion control
is no longer required.


5. If the compost blanket is not effective in
containing the soil erosion it should be
replaced, or an alternative erosion
control procedure adopted.
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 Revegetation
  EROSION CONTROL TECHNIQUE


Revegetation Temperate Climates Short-Term [1]


Non Vegetation Wet Tropics Long-Term
Weed Control Semi-Arid Zones Permanent
[1] Temporary revegetation can be an effective form of erosion control, but it usually needs to


incorporate Light Mulching in order to provide sufficient protection from raindrop impact erosion.


Symbol


Photo 1  –  Turfing Photo 2  –  Seed spreader


Key principles


1. Test the soils, and where required, adjust the soils before planting


2. The primary function of “temporary” vegetation, in association with mulching, is to achieve
effective short-term erosion control through coverage of the soil surface, thus the effective
percentage surface cover is the key performance measure.


3. Vegetative-based erosion control is primarily achieved through coverage of the soil.  Root
stabilisation of the soil structure is generally of secondary importance.  However, the
function of the roots becomes increasingly important as the surface slope increases.


4. The initial coverage of annual grasses in the weeks following seeding may not provide
adequate erosion protection against raindrop impact because these grasses primarily grow
vertically, thus providing only limited coverage of the soil surface.  In such cases, mowing
can increase the effective soil cover.


Design Information


Selecting the most suitable plant establishment techniques, appropriate species, seeding rates,
planting densities, fertiliser types, watering rates, and maintenance techniques, requires the
guidance of experts such as soil scientists, revegetation specialists, local bushland groups,
landscape consultants and government extension officers.


Each of the various forms of soil erosion, whether initiated by wind, rain, or flowing water, are
best controlled by different forms and/or combinations of vegetation.  Table 1 outlines the types
of vegetation most likely to be effective in the control of the various forms of soil erosion. Of
course there are always exceptions to such generalisation.
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Table 1  –  Plant selection for the control of soil erosion


Erosion form Primary
vegetation


Secondary
vegetation


Comments


Water induced:


Raindrop impact Ground covers,
grasses, and
living or dead
organic matter


Trees, shrubs • Ground covers need to quickly
cover the soil surface (i.e. not
just straight, vertical shoots—
which is often the early growth
characteristic of many annuals).


• In this context, “grasses”
includes living, dormant and
dead grasses.


• Trees contribute by suppling
leaf and bark litter (mulch).


Sheet erosion Ground covers,
grasses


• Non-clumping, continuous
ground cover is required.


Rill erosion Ground covers,
grasses


• Non-clumping, continuous
ground cover is required.


Gully erosion Ground covers,
vetiver grass


Trees, shrubs,
woody debris


• Vetiver grass can be used to
form a vegetative sediment
barrier.


• Trees and shrubs may be
required for bank stability.


Tunnel erosion • Stabilisation of soil and control
of water pathways are of
primary importance.


• Avoid deep-rooted or short-
lived plants on water
impoundment embankments.


Wave erosion Reeds Mangroves • Critical locations include
coastlines, rivers, lakes and
dams.


• Mangroves can struggle to deal
with significant wave attack.


Gravity induced:


Mass movement Trees, vetiver
grass


Shrubs • Use of deep-rooted plants is
critical.


Wind induced:


Wind erosion Ground covers Tree, shrubs,
mulches


• Trees can form windbreaks.


• Aided by increased surface
roughness.


Watercourse erosion:


Refer to the Instream Erosion Control fact sheet, and Tables I14 to I15 (p. I.32 to I.34) in
Appendix I – Instream works.
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ESTIMATING GROUND COVER


(i)  Quadrat method


Materials:
• 50m tape measure
• 1m2 quadrat (a “quadrat” for these purposes being a 1m x 1m rectangular viewing grid)
• visual cover estimation template (Figure 1, otherwise refer to McDonald et al., 1990)
• notebook and pens


Procedure:


1. Locate sampling points at four evenly spaced points along a 50m transect.


2. Place the 1m2 quadrat on the ground with the nominated point at the centre. Identify all
species rooted within the quadrat (if required), and estimate and record the percentage
cover. Where required, record the percentage cover of each plant species. For the purpose
of species identification, do not record plants rooted outside, but branching across, the
quadrat. For purposes of total cover estimation, record all matter, plant (living or dead) and
mulch, whether rooted inside or outside the quadrat.


(McDonald, R.C., Isbell, R.F., Speight, J.C., Walker, J. and Hopkins, M.S. 1990, Australian Soils and Land
Survey Field Handbook, Inkata press, Melbourne)


(ii)  Ellenbank Pasture Meter


The Ellenbank Pasture Meter consists of a weighted plate that compresses pasture, then
measures the height of the compressed vegetation. Even though this procedure provides a
good estimate of pasture density (for stock feed), it does not necessarily provide a good
estimate of cover. It is noted that the bulk of the pasture may consist of tall, near-vertical stalks
that provide limited protection against raindrop impact in comparison to shorter, near-horizontal
dead or living stalks.


ESTIMATION OF TREE AND SHRUB DENSITY
Materials:
• 2 x 50m tape measures
• star pickets
• notebook and pens


Procedure:


At each sample site, mark the western end of a 50m transect with a star picket. Measure the
tree and shrub densities using the Point-Centred Quarter method (Barbour et al. 1987), as
described below.


1. Locate sampling points at the 0m, 25m and 50m points on the transect.


2. At each sample point, align two axes centred on the sample point. The axes follow the line
of the transect, and a line perpendicular to the transect.


3. Within each quadrant formed by the axes, identify the closest tree and shrub. If the tree or
shrub exceeds a distance of 50m, do not record it.


4. Measure the distance in metres to the closest tree, and to the closest shrub.


5. Record the species and estimate its height.


6. For each transect, average the distance measurements for trees (Dave).


7. Calculate the average tree density (stems per hectare), Td = 10,000 / (2 x (Dave)2)


8. Calculate the relative density of species, X = 


(Number trees of species, X) / (Total number of trees x average tree density)


9. Repeat Steps 6 to 8 for shrub species. Record the adopted classification of shrubs (e.g. all
woody plants less than 6m tall, including tree saplings).
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2% cover 5% cover 10% cover 15% cover


20% cover 25% cover 30% cover 35% cover


40% cover 45% cover 50% cover 55% cover


60% cover 65% cover 70% cover 70% cover


75% cover 80% cover 80% cover 85% cover


90% cover 90% cover 95% cover 100% cover


Figure 1  –  Visual cover estimation template







© Catchments & Creeks Pty Ltd September 2009 Page 5


Description


Establishment of temporary or permanent
vegetation over exposed soil surfaces.


“Temporary seeding” is a process of
providing a temporary grass cover during
construction delays, or when final further
soil disturbance is expected within a given
area and short-term erosion control
measures are deemed necessary.


Purpose


Site revegetation is performed for a number
of reasons, including:
• Improve aesthetics
• Erosion control
• General ecological reasons including


habitat, food source & shelter
• Stabilisation of shallow land slips
• Increase stormwater infiltration and


reduce the volume of runoff
• Reduce rainfall impact energy
• Increase organic content of the soil
• Established vegetated buffer zones
• Reduce dust problems
• Filter sediment from sheet flow


Limitations


There are limits to the role vegetation alone
can play in controlling erosion.  Both soil
strength and vegetation cover (including
root system) can take years to develop to
the required condition.


Usually not suitable in heavy traffic areas or
on long slopes steeper than 2:1(H:V).


Advantages


In terms of ecologically sustainable soil
protection, vegetation is the best long-term
solution to wind and water induced erosion.


Most forms of vegetation are self-
regenerating and to some degree, self
maintaining.


Well-landscaped works are aesthetic and
usually well received by the public.


Disadvantages


Long establishment time for most forms of
vegetation, except turfing.


Subject to damage in heavy traffic areas.


Conflicts can exist between the choice of
native and exotic species.


In some rural and semi-arid areas, watering
costs can be high.


Usually requires a long maintenance
period.


Common Problems


Poor site drainage can damage plant seeds
and remove mulch cover.


Poor soil preparation can significantly limit
the growth and erosion benefits of
vegetation.


Many problems can initiate from inadequate
soil testing.


Special Requirements


Usually requires guidance from local
experts, such as local agronomists.


At least 70% ground cover (combined plant
and mulch) is considered necessary to
provide a satisfactory level of erosion
control.


A mulch cover layer is usually required to
control short-term erosion and provide good
growing conditions.  The mulching of
exposed soils is generally recommended on
all seeded areas, especially when the area
contains: high clay content soils, dispersive
soils, exposed subsoils, or during hot, dry
weather (to limit soil moisture loss).  


Incorporation of erosion control blankets
are recommended on slopes steeper than
20% (5:1).


Requires suitable soil and soil conditioning.


Plant establishment requires a reliable
water supply.


On some open grassed areas, slashing is
recommended to reduce the excessive
growth of the primary cover and also to
remove immature seed heads.  This is
particularly important for summer plantings
as regrowth can compete strongly for light
and water with the secondary and tertiary
cover species.


Long-term maintenance needs are usually
inversely proportional to the degree of
planning and quality of site preparation.


Site Inspection


Check effective percentage cover.


Check for damage to protective fencing.


Seed, seedlings and mulch may need re-
application if the vegetation does not
establish in the required time.


Look for displacement of mulch by wind or
water.
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Specifications for site revegetation vary
considerably from site to site.  Site
supervisors should obtain site specific
planting specifications.


Installation


1. Refer to approved plans for location,
extent, and application details.  If there
are questions or problems with the
location, extent, or method of
application contact the engineer,
landscape architect or responsible on-
site officer for assistance.


2. Ensure all necessary soil testing (e.g.
soil pH, nutrient levels) and analysis
has been completed, and required soil
adjustments performed prior to planting.


3. Apply soil conditioners and fertiliser as
specified on the approved plans.  Rip
the soil 100 to 150mm to mix the
components into the soil and to loosen
and roughen the soil surface before
seeding.


4. Where possible, there should be
sufficient soil depth to provide an
adequate root zone.  The depth to rock
or impermeable layers such as
hardpans should be 300mm or more,
except on slopes steeper than 2:1(H:V)
where such soil depth may not be
feasible.


5. Ensure the soil pH is within the
specified range.


6. Apply seed uniformly by hand or with a
cyclone seeder, drop-type spreader,
drill, hydroseeder, hydromulcher, or
other suitable equipment as specified.


7. When using broadcast-seeding
methods, subdivide the area into
workable sections and apply one-half
the specified quantity of seed while
moving back and forth across the area,
making a uniform pattern.  Then apply
the second half in the same way, but
moving at right angles to the first pass.
Cover broadcast seed by raking or
chain dragging; then firm the surface
with a roller to provide good seed
contact.


8. Apply seed at the recommended rate,
and disc or otherwise mechanically
treat the surface to bring the seed into
contact with the soil.


9. The seeded area should be mulched as
specified in the approved plan.


Maintenance


1. During the construction phase, inspect
the treated area fortnightly and after
runoff-producing rainfall.  Make repairs
as needed.


2. Watering the vegetation periodically is
essential, especially in the first 7 days
after establishment.  Use low-pressure
sprays because high-pressure jets can
wash away the seed and mulch cover.


3. Watering should start immediately after
planting.  Watering should comply with
specifications provided with the
approved plans.  Generally watering
should vary according to weather and
soil conditions.  A typical watering
schedule may consist of the following:


• 25 mm every second day for the first
three waterings;


• 25 mm twice a week for the next three
weeks; and


• 25 mm once weekly for a further two
weeks.


4. Monitor site revegetation, particularly
after rainfall, and appropriate
maintenance and/or amendment to
ensure that the revegetation is
controlling erosion and stabilising soil
slopes as required.


5. Where practicable, fill in, or level out,
any rill erosion between plants. If
excessive erosion occurs, then
consider increasing the planting
density, applying appropriate erosion
control measures, or introducing
alternative, non-clumping plant species.


6. Areas must be re-seeded and mulched
if the vegetation fails to establish or is
damaged by runoff or construction
activities.


7. If the temporary vegetation cover or
erosion control measure (e.g. mulch
cover) should fail for any reason before
establishment of the permanent
vegetation cover, then it must be
replaced with an appropriate type of
cover sufficient to control soil erosion.


8. If the permanent vegetation should fail
to establish or to adequately restrain
erosion for any reason during the
construction or maintenance period, the
area should be revegetated or
protected with other erosion control
measures as appropriate.
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9. In areas where the obtained vegetation
cover is considered inadequate for
erosion control, the affected area
should be over-seeded and fertilised
using half the originally specified rates,
or as directed.


10. Maintain grass blade length at a
minimum 50mm height within medium
to high velocity drainage areas, and 20
to 50mm within low velocity flow paths.


11. Where necessary, or as directed by the
site supervisor, slash the temporary
crop/grass cover to allow the successful
growth of the underlying permanent
vegetation cover.


12. Control weed growth within 1m of
immature trees for 6 to 12 months for
fast growing species, and 18 to 20
months for slower growing species, or
until the end of the specified
maintenance period.


13. Where mulch is used to control weed
growth, inspect and where necessary,
renew at maintenance periods not
exceeding 4 to 6 months.


14. Apply additional seed, mulch and/or soil
conditioning as required. Mulches
usually need to be maintained or
renewed (as necessary) 2 to 3 times a
year.


15. Inspect and where necessary repair
protective fencing at maintenance
periods not exceeding 1 month.


16. Re-firm plants loosened by wind-rock,
livestock or wildlife.


17. Replace dead or severely retarded
plants.


18. Prune any plants of dead or diseased
parts.  Cut off all damaged tree limbs
above the tree collar at the trunk or
main branch.  Use several cuts
including undercutting to avoid peeling
bark from the healthy areas of the tree.


19. Dispose of cleared vegetation in an
appropriate manner such as chipping or
mulching, on-site burial, or off-site
disposal.  Cleared vegetation should
not be dumped near a watercourse or
on a floodplain where is could be
removed by floodwaters.  Vegetation
should not be burnt on-site without
specific approval from the local
authority.


20. Repair damaged tree roots by cutting
off the damaged areas and sealing
them with an approved product.
Spread moist topsoil over exposed
roots.





		Table 1  –  Plant selection for the control of soil erosion

		Comments
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 Gravelling
  EROSION CONTROL TECHNIQUE


Revegetation Temperate Climates Short-Term [2]


Non Vegetation Wet Tropics Long-Term
Weed Control [1] Semi-Arid Zones Permanent
[1] Refer to Rock Mulching fact sheet for weed control application.
[2] May be used for short-term erosion control around the construction office area and car park.


Symbol


Photo 1  –  Gravelling of construction
access road


Photo 2  –  Gravelling of construction car
park


Key Principles


1. Primarily used to control raindrop impact and mud generation, therefore depth of cover, and
percentage of fines (particles finer than 1mm) are critical.


2. Operational performance is governed by the control of raindrop impact erosion, dust and
surface mud on traffic areas.


3. Gravel is not a suitable material for the stabilisation of construction site entry/exit points;
however it may be suitable for the formation of rock entry pads on some small building sites
(e.g. those building sites with little or no soil/earth import or removal).


Design Information


Minimum 100% coverage of the soil surface.


Nominal aggregate (rock) size of 20 to 75mm.


Apply at a minimum thickness of 50mm, or at least twice the nominal aggregate size.


Allowable flow velocities for rock with a specific gravity of 2.6 are presented in Table 1.


The equivalent allowable shear stress, based on a critical Shield’s parameter of 0.07 and a
safety factor of 1.5, is provided in Table 2.


The assumed Manning’s roughness for the gravel (used to determine the allowable flow velocity
from the allowable shear stress) is presented in Table 3. This Manning’s roughness is based on
a d50/d90 = 0.8 (i.e. a relatively uniform rock size). Note; d50 is the nominal rock size of which
50% of the rocks are smaller.
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Hydraulic design of gravelled surface is only required if the surface is likely to be subjected to
significant overland flow that could displace the gravel or otherwise cause erosion.


Table 1  –  Allowable flow velocity (m/s) for various rock sizes [1,2]


Nominal mean (d50) rock size (mm)Hydraulic
radius
(mm) 20 30 40 50 60 75


50 0.86 0.85 0.83 0.81 0.80 0.80


75 1.02 1.05 1.05 1.03 1.02 0.99


100 1.14 1.19 1.21 1.21 1.20 1.18


150 1.29 1.40 1.45 1.47 1.48 1.48


200 1.39 1.53 1.61 1.66 1.69 1.71


300 1.51 1.70 1.83 1.91 1.98 2.03


500 1.65 1.89 2.06 2.19 2.30 2.42


[1] Based on a relative density of 2.6 (i.e. rock mass of 2.6 tonne/m3)
[2] Applicable to slopes less than 5%. Caution if applied to slopes of 5 to 10%.


Table 2  –  Allowable shear stress (N/m2) for various rock sizes [1]


Nominal mean (d50) rock size (mm)Hydraulic
radius
(mm) 20 30 40 50 60 75


N/A 14.6 22.0 29.3 36.6 43.9 54.9


[1] Based on a critical Shield’s parameter of 0.07 and a safety factor of 1.5.


Table 3  –  Assumed Manning’s roughness (n) of gravel [1]


Nominal mean (d50) rock size (mm)Hydraulic
radius
(mm) 20 30 40 50 60 75


50 0.027 0.034 0.040 0.046 0.052 0.060


75 0.025 0.029 0.034 0.038 0.043 0.049


100 0.023 0.027 0.031 0.034 0.038 0.043


150 0.022 0.025 0.028 0.030 0.033 0.037


200 0.021 0.024 0.026 0.028 0.030 0.033


300 0.021 0.023 0.024 0.026 0.028 0.030


500 0.021 0.022 0.024 0.025 0.026 0.028


[1] Based on a rock size distribution of d50/d90 = 0.8 (refer to Equation A19 in Appendix A – Construction
site hydrology and hydraulics).
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Description


The stabilisation of broad, low gradient,
earth surfaces using a mixture of relatively
small size rock approximately 20 to 75mm
in diameter.


The term “Gravelling” normally refers to the
application of a layer of gravel or aggregate
on roads or car parks.  It is generally not
used to describe the use of small rocks as
garden mulch (see Rock Mulching).


Purpose


Primarily used in high traffic areas to
reduce soil compaction and control raindrop
impact and wind erosion.


Limitations


The small rock size limits its scour
resistance to relatively low shear stress and
flow velocity.


Gravel should not be placed directly onto
dispersible soils. Instead dispersive soil
should be covered with a minimum 200mm
layer of non-dispersive soil before
placement of gravel.


Advantages


Produces a low cost, trafficable surface.


Gravelling the general construction office
area and car park can significantly reduce
the generation of mud during extended
periods of wet weather.


Gravel roads generally experience less
environmentally-damaging sediment runoff
than dirt roads.


Disadvantages


Effective service life of a single application
of gravel can be short, especially during wet
weather and/or when placed on wet clayey
soils.


The cost may not be easy to justify if
recommended for placement over short-
term construction access tracks.


Common Problems


Compression of the gravel into soft, clayey
soils.


Special Requirements


Placement of the gravel on an appropriate
geotextile can improve the service life of the
gravel.


Location


Light traffic access roads, car parks and
general construction office area.


Site Inspection


Check even, continuous (100%) cover of
earth.


Check if reapplication is required.


Check for rilling along the up-slope edges
of the treated area, and the free passage of
stormwater runoff across the gravel.


Performance Indicators


Application depth measured at random test
locations.


Aggregate size, and particle size range
measured using conventional particle size
test procedures (if required).


Installation


1. Refer to approved plans for location,
extent, and application details.  If there
are questions or problems with the
location, extent, or method of
application contact the engineer or
responsible on-site officer for
assistance.


2. Spread enough gravel to completely
cover the surface of the soil at the
density or thickness specified in the
approved plans.  If the application
density is not supplied, then apply at a
thickness of at least twice the mean
rock size.


3. Make all necessary adjustments to
ensure any run-on stormwater flow is
allowed to pass freely across the
treated area following its natural
drainage path.


Maintenance


1. Inspect all treated surfaces fortnightly
and after runoff-producing rainfall.


2. Check for rill erosion, or dislodgment of
the gravel.


3. Replace any displaced gravel to
maintain the required coverage.


4. If wash-outs occur, repair the slope and
reinstall surface cover.


5. If the gravelling is not effective in
containing the soil erosion it should be
replaced, or an alternative erosion
control procedure adopted.
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 Heavy Mulching
  EROSION CONTROL TECHNIQUE


Revegetation Temperate Climates Short-Term
Non Vegetation [1] Wet Tropics Long-Term
Weed Control Semi-Arid Zones Permanent
[1] Heavy mulching can be used in association with established plants and newly established seedings.


Symbol


Photo 1  –  Heavy mulching used for
temporary erosion control measure instead


of grassing (pre-building phase)


Photo 2  –  Heavy mulching of garden bed


Key Principles


1. Heavy mulching can be used to control weed growth and soil erosion on flat to medium
sloping land not intended to be grassed. Critical application measures are percentage cover
(ideally 100%), and depth of cover (application rate).


2. If a final landscaping plan is available during the construction phase, then heavy mulching
of future garden beds is recommended.


3. Consider Rock Mulching in areas subject to concentrated overland flow.


4. If water conservation is critical, then avoid fibrous mulches that may absorb excessive
quantities of water.


Design Information


Minimum 100% coverage of the soil surface.


Spread evenly to a minimum thickness of 75–100mm.


On slopes of 15% or greater, a binding chemical (tackifier), or other suitable anchoring mesh,
may need to be applied to the mulch (depending on expected severity of surface runoff).


The following suggested application rates are a guide only.
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Bark Chips and Shredded Bark:


A by-product of timber processing often used in landscape planting.  Unlike wood chip, the use
of bark does not require additional nitrogen fertiliser.  Pine bark lowers the pH of the soil, so
should not be used on low pH soils.


Application rate of around 165m3/ha.


Brush Mulch:


Brush mulch normally consists of local felled native vegetation.  It is often preferred on areas
being regenerated with native seedlings (e.g. rural sites). It can also be used as a trap for wind-
blown sand in coastal sand drift control.


Brush mulch should be applied parallel to the contours, and should be stockpiled with care
since spontaneous combustion may occur.  The mulch should be free of non-endemic seed.


Straw Mulches:


Commonly used as a light mulch, but can also be used as a heavy mulch. Other than in
bushland areas, wheat or oat straw is suitable.  Heavy straw mulch may also be applied to small
areas such as earth embankments (not intended to be grassed) and soil stockpiles.


Expected reduction in erosion rates are (Fifield, 2001):
• 75% at 1.1 tonnes/ha
• 87% at 2.2 tonnes/ha
• 98% at 4.5 tonnes/ha


Application rate of around 3.5 to 4.5 tonnes/ha (heavy mulching). 


Wood Chip Mulches:


Developed from mulched tree loppings, pine flake, or processed hardwood. These mulches are
useful for weed control and mulching small areas.


Woodchips and pine bark are considered a good, durable mulch.  They may, however, draw
nitrogen from the soil as discussed above. Application of a nitrogen rich fertiliser may be
required.  Woodchips and bark from pine trees are acidic when they break-down—this can be
helpful on alkaline soils, but not on already acid soils.


Woodchip obtained from on-site felled trees should in general consist of native vegetation only.
Exotic species of trees and shrubs are not preferred; however, seek expert advice before
disposing of a potential useful source of mulch.


Woodchip mulch promotes natural regeneration of disturbed areas and is suitable on batter
slopes between 1.5:1 and 3:1(H:V) depending on slope length, and expected severity of surface
run-on and runoff water.


On steep slopes woodchip may be retained with the use of wire mesh.  However, the use of
wire mesh, particularly plastic-based mesh, may not be suitable in bushland areas containing
ground dwelling fauna.


Application rate of 10 to 15 tonnes/ha.


Weed control applications:


Application of a thick layer of mulch (heavy mulching) can be used for weed control. Required
applications rates are around 8 tonnes/ha (depending on type of mulch). On slopes less than
10% a copolymer PVA binder (tackifier) can be applied at a rate of 300 to 400kg/ha.
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Description


Application of a thick blanket of organic
matter to the soil surface sufficient in
thickness to suppress weed growth.


Purpose


Primarily used during revegetation to
control weed growth, assist the growth of
newly planted seedlings, and reduce soil
erosion.


Heavy mulching assists seedling growth by:
• reducing moisture loss from the soil;
• reducing watering requirements;
• moderate soil temperature fluctuations;
• reducing soil erosion around the root


system of juvenile plants.


Heavy mulching controls soil erosion by:
• reducing raindrop impact;
• reducing wind erosion;
• increasing the organic content of the


soil (long-term), therefore increasing
stormwater infiltration.


Heavy mulching can also be used to
rehabilitate heavily compacted clayey soils
such as urban parks damaged by excessive
pedestrian traffic. Special, high organic,
decomposed mulch (Compost Blanket) is
applied in a thick layer over the soil, then a
suitable groundcover (usually grass) is
applied to the surface of the compost.


Brush mulch is also used to control wind-
blown sand in coastal areas.


Limitations


Some mulches cannot be used in bushland
areas due to possible introduction of
unwanted seed (seek expert advice).


Heavy mulching is not suitable for areas of
concentrated flow.  Instead, consider the
use of Rock Mulching, or Erosion Control
Mats/Blankets.


Mulch should not be placed directly onto
highly dispersive soils.


Advantages


Heavy mulching is the most effective and
practical means of controlling erosion prior
to the establishment of garden beds.


Particularly useful in higher rainfall areas to
protect against raindrop impact, and in arid
and semi arid areas to reduce plant
watering requirements.


Disadvantages


Decomposition of some wood products can
tie-up significant amounts of soil nitrogen,
thus requiring modification to fertiliser
application rates.


May be displaced if subjected to flooding or
concentrated overland flow.


Common Problems


Displaced mulch can become a stormwater
pollutant. Mulch can be washed from slopes
as a result of inadequate up-slope drainage
controls and/or inadequate anchorage of
the mulch.


Fibre-based mulches can be blown from the
site as a result of inadequate anchorage or
stacking (gluing).


Special Requirements


Heavy mulch should cover 100%
(minimum) of the soil surface to give
adequate protection against erosion.


Requires good drainage control to avoid
displacement.


In windy areas, or on steep slopes, the
mulch may need to be anchored by
applying a tackifier, or by covering the
mulch with a suitable synthetic or
biodegradable mesh.


Synthetic meshes should be used with
extreme caution and with due regard to
possible long-term impacts on the use of
the land as well as any potential impact on
any local ground-dwelling animals.


Site Inspection


Check for displacement by wind or water.


Check even and continuous coverage.


Performance Indicators


Application depth measured at random test
locations.


Application rate can be measured by
placing collection trays at random locations
across the proposed treatment area prior to
application of the mulch. The trays (of
known surface area) are dried and weighed
pre and post application to determine actual
dry application rate. The wet application
rate (i.e. with water) can also be recorded.


Percentage cover can be measured using
the quadrant method (a grided inspection
plate which is photographed and analysed)
or by visual estimation (refer to the
Revegetation fact sheet).
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Materials


• Mulch: to the maximum degree
practical the mulch must be free of
weed species especially prohibited
noxious weed seed.  Do not use
woodchip mulch that is too fresh or
contains sappy softwood.  Do not use
resinous pine materials that can
transfer water repellence to the soil.


Installation


1. Refer to approved plans for location,
extent, and application details.  If there
are questions or problems with the
location, extent, or method of
application contact the engineer or
responsible on-site officer for
assistance.


2. Ensure the surface is free of deep track
marks of other features that may result
in flow concentration down the slope.
Where necessary, establish up-slope
drainage controls to limit run-on water
that may disturb the mulch.


3. Spread enough mulch to completely
cover the surface of the soil at the
density or thickness specified in the
approved plans, or otherwise not less
than 100mm.


4. Suitable anchorage of the mulch must
be accomplished immediately after the
mulch has been placed.


5. Ensure the mulch is restrained from
excessive movement by wind or
stormwater runoff by appropriately
anchoring or gluing the mulch with an
approved tackifier.


6. Application (spraying) of a tackifier
must not be performed during periods
of windy conditions that would prevent
the proper placement of adhesive.


7. The Contractor must take appropriate
steps to protect all traffic, signs,
structures, and other objects from being
marked or disfigured by the tackifier
material.


Maintenance


1. Inspect all mulches fortnightly and after
runoff-producing rainfall and strong
winds.


2. Check for rill erosion, or dislodgment of
the mulch.


3. Replace any displaced mulch to
maintain the required coverage.


4. If stormwater runoff displaces more
than 10% of the mulch, then investigate
the need for additional drainage
controls to prevent further
displacement.
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 Cellular Confinement Systems
  EROSION CONTROL TECHNIQUE


Revegetation [1] Temperate Climates Short-Term [2]
Non Vegetation Wet Tropics Long-Term [2]
Weed Control Semi-Arid Zones Permanent
[1] Vegetation, such as grasses, can be established within the cells.
[2] Can be used for short-term erosion control, but is most commonly used as a permanent treatment.


Symbol


Photo 1  –  Cellular confinement system
used to restrict gravel movement on a


permanent car park


Photo 2  –  Cellular confinement system
used to retain soil and assist in the


establishment of grass on a steep slope


Key Principles


1. Critical design parameters are the size and depth of the cells, choice of cell wall texture
(smooth or rough, solid or perforated), type of anchorage system (slopes and concave
surfaces), and the choice of infill material.


2. It is critical to ensure the top of the cellular confinement system (CCS) is set flush with, or
slightly lower, than the adjacent terrain to avoid stormwater run-on water being diverted
along the edge of the matrix. 


Design Information (for use as a channel/chute lining, refer to other fact sheet)


Step 1 Determine the type of cell wall: smooth, textured, or perforated.


Textured or perforated surfaces (Photo 4) are required when the honeycomb matrix is
installed with a concave profile that may cause the matrix to lift from the ground.
Perforated cell walls are required when it is necessary for water flow to pass laterally
through the cell walls (Photos 5 & 6). This is usually required when the honeycomb
matrix is to be grassed on slopes steeper than 10%. Textured surfaces are used with
aggregate and concrete infill.


Step 2 Determine the design shear stress or average velocity resulting from the expected
flow passing over the treated surface. Consult with, and/or review the manufacturer’s
design guidelines for sizing of cell depth and selection of infill material.
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Cellular confinement systems are manufactured with smooth, textured, or perforated sidewalls.
Each surface condition is used for a different purpose. The perforated, textured surfaces (Photo
4) are the most common and generally achieve most of the performance requirements.


Photo 3  –  Smooth sidewall Photo 4  –  Textured and perforated
sidewall


Cellular confinement systems allow topsoil to be placed and retained on steep slopes; however,
it is important to recognise any long-term effects of retaining the plastic matrix within the ground
surface, such as its impact on tree and shrub establishment, or the limitations on topsoil
recovery if and when the slope is re-engineered.


Photo 5  –  Installation of matrix on a road
cutting


Photo 6  –  Grass establishment on steep
slope


Cellular confinement systems can be used with or without vegetation.


Photo 7  –  Placement of filter cloth might
not always be required


Photo 8  –  Cellular confinement system
used to hold aggregate on an embankment
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Description


Expandable, three-dimensional, open
honeycomb-like mesh manufactured from a
synthetic material and filled on-site with soil,
sand, small rocks, or low slump concrete.


Most products are formed from rigid plastic,
while others use more flexible material.


Some products have pre-drilled drainage
holes to allow the lateral movement of
surface groundwater and to increase the
shear resistance of the mesh to uplifting
forces. The latter reduces the risk of the
product lifting from the ground when placed
over a concave surface.


Purpose


Can be used for the following purposes:


To hold topsoil and other loose material on
steep slopes such as bridge abutments.


To restrict the lateral displacement of gravel
or aggregate on car parks.


To improve the rubber-tired trafficability of
sandy material (sand-confinement system).


As a form of earth or track stabilisation in
muddy, boggy or sandy areas such as a
temporary ford crossing of a dry, sandy
river bed.


As a form of turf reinforcing.


As a form of earth reinforcing on very steep
vegetated slopes—in which case the
material is installed in a manner different
from that discussed within this fact sheet.


Can also be used as a form of
channel/chute lining (refer to appropriate
channel-linings fact sheet).


Limitations


In areas of high flow velocity, cellular
confinements systems filled with small
rocks are generally not a suitable
replacement the appropriate placement of
suitable large rock.


Advantages


May be used as an alternative to traditional
rock armouring in areas that have limited
supply of suitable large rock.


Long-term stability is not necessarily
dependent on the establishment of
vegetation; however, the incorporation of
vegetation generally results in a significant
increase in the allowable shear stress.


Easy to transport to the site.


Disadvantages


Displacement of the infill material can occur
on an ongoing basis if not suitably
stabilised with vegetation.


Common Problems


The mesh can lift from the channel surface
when placed on a concave surface and
inadequately anchored.


Can promote waterlogging of the ground
unless adequate drainage exists.


Special Requirements


The mesh needs to be well anchored if
placed on a concave surface.


Required good surface preparation with the
removal of all major surface irregularities.


Location


Generally best used as permanent erosion
control in environments where vegetation
cannot be relied upon, such as arid and
semi-arid areas and in heavily shaded
areas.


Temporary ford crossings on dry, sandy
river beds.


Site Inspection


Check for the displacement of infill material.


Ensure cellular grid is not lifting from the
ground.


Ensure surface flow can freely enter the
CCS-lined area. Check for water scour
along the up-slope edges of the matrix.


Check for successful vegetation cover (if
required).


Material
• Cellular confinement matrix: polyester


non-woven material (flexible sidewalls),
or high-density polyethylene (HDPE)
(stiff cell wall).


• Tendons: steel cable, or bright, high-
tenacity, industrial-continuous-filament
polyester yarn woven into round
braided cord.


• Anchors: wooden stakes, or 250 to
500mm steel J-pins. Wooden takes
used only on mild slopes (<10%) as a
temporary anchor during the placement
of the infill material.


• Infill: topsoil, earth, aggregate or
concrete. Maximum aggregate size no
greater than 75% of the sidewall depth
of the CCS matrix.
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Installation
The following specification applies to use as
temporary erosion control only.


1. Refer to approved plans for location,
extent, and application details.  If there
are questions or problems with the
location, extent, or method of
application contact the engineer or
responsible on-site officer for
assistance.


2. Clear the treatment area of any debris
that may interfere with placement of the
cellular confinement system (CCS), or
prevent good contact between the CCS
matrix and the subgrade.


3. Ensure the surface is free of deep track
marks of other features that may result
in stormwater or groundwater passing
in a concentrated under the CCS
matrix.  


4. Where necessary, establish up-slope
drainage controls to limit run-on water
that may disturb the matrix.


5. Shape and compact the subgrade
surfaces to the shape and elevation
shown on the Construction Drawings.
When determining the elevation of the
subgrade, ensure allowance is made
for the thickness of the CCS matrix
such that the top of the matrix will be
flush with, or slightly lower, than the
adjacent terrain.


6. Where necessary, excavate the
subgrade such that when placed, the
upper surface of the CCS matrix will be
flush with, or slightly lower, than the
adjacent terrain.


7. Remove any unstable subgrade,
replace with suitable material and
compact to achieve a stable surface.


8. If the material is to be placed on a slope
steeper than 10%, then excavate an
anchoring trench along the top of the
treatment area 200mm deep and
500mm wide.


9. Where practical, roughen any
excessively smooth, compacted
subgrade to improve the eventual
bonding between the subgrade and
applied CCS matrix.


10. If specified, install the required
geotextile underlay on the prepared
surface, ensuring that required overlaps
are maintained and that the upper edge
of the geotextile is anchored (pinned)
within the formed anchoring trench.


11. Spread out (expand) individual panels
uniformly across the treatment area as
specified by the manufacturer. Expand
and stretch the panels down the slope
instead of across the slope.


12. Along the top edge of the matrix anchor
every other cell into the formed trench
using steel J-pins.


13. On slopes steeper than 10%, anchor
every other cell using steel J-pins at 2m
intervals down the slope.


14. On slopes not steeper than 10%,
anchor the individual panels along all
four sides to prevent movement while
placing infill.


15. Interleaf or overlap the edges of
adjacent panels according to which
sidewall profile abuts. In all cases,
ensure that the upper surfaces of
adjoining panel sections are flush at the
joint and that adjoining cells are fully
anchored (stapled).


16. Fill and compact the anchoring trench.


17. Fill the honeycomb panels mechanically
or manually. Ensure earth fill, small
aggregate (<75mm) and large
aggregate (>75mm) is placed from a
drop height not exceeding 1m, 1m, and
0.5m respectively.


18. Place the infill evenly and such that
when compacted, the fill will be level
with the upper surface of the panel.


19. Lightly tamp or roll topsoil or earth fill,
level aggregate fill with a plate tamper
or mechanical (backhoe) bucket.


Additional specification for attachment
of tendons for anchorage:


1. Feed pre-cut lengths of tendon material
through the aligned holes in the cell
walls of the matrix prior to expanding
individual panels into position.


2. Tie off the ends of the tendons so that
the knot cannot pass through the hole
in the cell walls. Ensure the knots are
tied to provide full tendon strength and
will not slip when tensioned.


3. Attach restraining clips to the tendons
at regular intervals to achieve the
necessary load transfer.


4. Anchor the tendons and restraining
clips with steel U-shaped or J-pins at
2m intervals. At each internal anchor
location, form a loop in the tendon,
insert the anchor, and drive into the
subgrade.
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 Dust Control
  EROSION CONTROL TECHNIQUE


Revegetation [1] Temperate Climates Short-Term
Non Vegetation [1] Wet Tropics Long-Term [2]
Weed Control Semi-Arid Zones Permanent
[1] Treatment options can include temporary vegetation and non-vegetated treatment options.
[2] Most treatment options, excluding permanent revegetation, provide only short-term benefits.


Symbol


Key Principles


1. Potential adverse impacts of dust control products/chemicals on the environment (both
short- and long-term) must not exceed the potential benefits achieved by their use, or any
locally adopted measures of unacceptable environmental risk.


2. Critical design parameters include ability to control dust generation, suitability of the product
to the work place conditions and the soil type.


3. Effectiveness and durability of most treatment measures depends on soil type, weather
conditions, and frequency of disturbance (e.g. traffic movement).


Design Information 


Dust control involves the suppression of dust particles generally in the range 0.001 to 0.1mm (1
to 100 microns).  Much of the dust generated on construction sites is likely to be greater than 10
microns. Non-visible dust particles (less than 5 microns) are potentially the most harmful to
human health. 


Dust generation associated with wind erosion is normally controlled using one or more of the
following techniques:


 (i) Maintaining moist soil conditions (water trucks and sprinkler systems)
 (ii) Chemical sealants placed over the soil surface (refer to Soil Binders fact sheet)
 (iii) Surface roughening (refer to Surface Roughening fact sheet)
 (iv) Revegetation (short- and long-term ground cover options)
 (v) Wind breaks (e.g. retention of existing vegetation, or 60:40 fabric:opening shade cloth).
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Dust problems can also be reduced by the following activities:
• Limiting the area of soil disturbance at any given time.
• Promptly replacing topsoil after completion of earthworks
• Programming works to minimise the life of soil stockpiles.
• Temporarily stabilising (e.g. vegetation or mulching) long-term stockpiles.
• Gravelling unsealed access and haul roads.
• Minimising traffic movements on exposed surfaces.
• Limiting vehicular traffic to 25kph.
• Retaining existing vegetation as wind breaks.


International Erosion Control Association (IECA, 1993) reports that:
• 30% soil cover will reduce soil losses by 80%.
• Roughening the soil to produce 150mm high ridges perpendicular to the prevailing wind can


reduce soil losses by 80%.
• A small decrease in velocity can have a major impact in reducing wind erosion given that


the erosive power of wind is proportional to the cube of the velocity.
• For wind barriers perpendicular to the wind, the width of the [protected] zone leeward of the


barriers is around 8 to 10 times the height of the barrier.


Possible treatment options for dust are summarised in Table 1. A summary of dust suppressant
agents is provided in Table 2. Discussion on the use of soil binders for dust control is provided
in the Soil Binders fact sheet.


Table 1  –  Dust control practices [1]


Treatment options
Site
condition


Permanent
vegetation


Mulching Watering
Chemical
surface


stabiliser [2]
Gravel road


[3]


Stabilised
entry/exit


pad


Haul truck
covers


Minimise
site


disturbance


Areas not
subject to
traffic


Areas
subject to
traffic


Material
stockpiles


Demolition
areas


Clearing &
excavation


Unpaved
roads


Earth
transport


[1] Sourced from: California Stormwater BMP Handbook – Construction (2003).
[2] Oil or oil-treated subgrade should not be used for dust control as this may migrate into downstream


water bodies.  It is also noted that surface stabilising chemicals (soil binder) may make the soil water
repellent, possibly resulting in long-term revegetation problems.


[3] On long-term access and haul roads, the sealing of road with an application of 10mm single-coat
bitumen seal can be more effective than the application of dust suppressants.


The following materials must not be used for dust suppression purposes:
• oil;
• landfill gas condensate;
• any contaminated leachate or stormwater when the use of such material is likely to cause


unlawful environmental harm.
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Table 2  –  Summary of dust suppressant attributes [1]


Suppressant type Typical attributes


Soil binders • Refer to Soil Binders fact sheet


Chlorides:
Calcium chloride (CaCl2)
Magnesium chloride
(MgCl2)


• Chloride compounds attract moisture from the air
(hygroscopic) and attach themselves to soil particles if they
are applied to wet soils


• Less effective in dry climates
• Ease of application, with 0 to 4 hours curing time
• Can be applied when temperatures drop below freezing
• Most suited to temperate and semi-humid conditions
• Lose effectiveness in continual dry periods
• Less effective than polymers during periods of heavy rainfall
• Susceptible to leaching
• Suitable for use on moderate surface fines (10–20%)
• Not suitable on materials with a low-fines content
• High fines content surfaces may become slippery in wet


weather
• Corrosive impacts associated with calcium chloride


Organic, non-
bituminous:
Calcium ligno-sulfonate
Sodium ligno-sulfonate
Ammonium ligno-
sulfonate


• Ligno-sulfonate (lignin) is a by-product of the pulp-and-paper
industry


• React with negatively charged clay particles to agglomerate
the soil


• Perform well under arid conditions and in dry climates
• Failures occur following rains
• Susceptible to leaching by heavy rains
• Suitable on high fines content (10–30%) in a dense graded


material with nil loose gravel
• Less effective on igneous, medium to low fines content


materials and crushed gravels
• High fines content surfaces may become slippery in wet


weather
• It is best to grade haul road to remove surface material,


potholes, and corrugations before application of agent
• Curing takes 4 to 8 hours


Petroleum-based
products:
Bitumen emulsion (slow-
breaking non-ionic)


• Generally effective regardless of climate
• Will pothole in wet weather and high traffic conditions
• Suitable on materials with a low-fines content (<10%)
• Non suitable where runoff could contaminate receiving waters


Electrochemical
stabilisers:
Sulfonated petroleum
Enzymes


• Work over a wide range of climates
• Suitable for clay materials but depends on clay mineralogy
• Iron rich soils generally respond well
• Least susceptible to leaching
• Ineffective if surface is low in fines and contains loose gravel


[1] After UMA Engineering Ltd 1987, Guidelines for Cost Effective use and Application of Dust
Palliatives. UMA Engineering Ltd, Ontario, Canada.
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Water trucks and sprinkler systems


Water trucks have traditionally been used to control dust within construction sites, particularly on
haul roads and for highway construction. The maintenance of moist soil conditions through
watering remains a viable dust control measure.


The addition of wetting agents and polymer binders (refer to Soil Binders fact sheet) to the water
can decrease both the water requirements and the required application frequency. Wetting
agents can improve the depth and uniformity of the soil wetting process. Polymer binders
improve the binding of individual soil particles, thus reducing dust generation even after drying
of the soil surface. Dust suppressing agents can be applied by both water trucks and sprinkler
systems.


Dust-suppressing fog and mist generators


High volume mist generating machines can be used to suppress airborne dust resulting from
blasting operations. Large cannon-like systems can throw a mist some 250m to blanket the
treatment area. On small sites, hydraulic atomising misting nozzles can be attached to sprinkler-
like distribution system.


An ionic wetting agent can be added to the water to improve the performance of misting dust
suppression systems.


Foaming agents


Foaming agent additives can be added to directional dust-suppressing sprinkler systems to
apply a foam to the surface of conveyor belt materials to reduce dust resulting from crusher and
material handling plants.


Vegetable oil based soil binders


Biodegradable vegetable oil based soil binders can be applied as a water-based emulsion to
provide up to 3 months service life in heavy vehicular traffic areas.


Polymer based soil binders  (refer to Soil Binders fact sheet)


Polymeric emulsion soil binders include: acrylic copolymers and polymers; liquid polymers of
methacrylates and acrylates; copolymers of sodium acrylates and acrylamides; poly-acrylamide
and copolymer of acrylamide; and hydro-colloid polymers.


In general terms, polymers can provide around 9 to 18 months service life if the treated area
remain free of disturbance and traffic movement. On haul roads and permanent unsealed roads,
polymer soil binders can be incorporated into road maintenance (grading and rolling) to improve
surface stability and compaction.


Photo 1  –  Dust generation on a
construction site


Photo 2  –  Dust control using a water truck
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 Structural Soil
  EROSION CONTROL TECHNIQUE


Revegetation Temperate Climates Short-Term
Non Vegetation Wet Tropics Long-Term
Weed Control Semi-Arid Zones Permanent


Symbol (not applicable)


Photo 1  –  Stage 1: placement of
aggregate


Photo 2  –  Stage 1: fill voids with soil, then
seed (non-traffic period)


Photo 3  –  Stage 1: Establishment of
grassed surface (vehicular traffic allowed)


Photo 4  –  Close-up of established surface


Key Principles


1. Structural soils can be incorporated with ground covers (grasses) to produce surfaces
suitable for heavy pedestrian and occasional vehicular traffic. The long, non-traffic,
establishment time generally makes them unsuitable for construction sites; however, when
sufficient establishment time exists, it can be used to stabilise long-term car parks.


2. The key to long-term performance is to avoid compaction of the soil fill, thus the percentage
soil fill should not exceed the void volume of the loosely placed aggregate. Void volume can
be determined by placing a sample of aggregate in a volumetric (measuring) jar, filling with
water to the top of the aggregate, then separately measuring the retained water.


3. It is very important to prevent sediment deposits on the vegetated surface that can compact
and damage the vegetation, thus good sediment control measures are required around the
treated area.
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Design Information


Typically 20 to 50mm aggregate.


Aggregate must be near uniform in size (uniform grading) with no fines.


Depth of aggregate is ideally the depth of the root system of the ground cover, but practically a
depth of 150 to 200mm should be sufficient.


Ensure that the treated area suitably drains (i.e. good sub-surface drainage) such that
waterlogging does not occur that may adversely affect vegetation growth.


Vegetation establishment phase requires no traffic movement over a period of around 2 to 3
months depending on plant growth rate.


Description


A manufactured aggregate-soil mixture that
produces a soil profile resistant to
compaction caused by light traffic
movement.


Traffic-induced damage to the grass is
minimised by preventing compaction of the
soil located within the aggregate layer. This
in-turn minimised damage to the plant’s root
system. Soil compaction is prevented by
allowing the weight of vehicles to be spread
through the soil profile by direct aggregate
to aggregate contact.


Purpose


Stabilisation of vegetated swales that are
occasionally subjected to vehicular traffic.


Porous pavements that can be used for
occasional overflow parking, such as
vehicular parking on grassed parks.


Long-term, temporary car parking on
construction sites where there is sufficient
planning time to allow a 3-months non-
traffic vegetation establishment period.


Limitations


Required a long, non-traffic establishment
period of around 2 to 3 months. Any
vehicular traffic movement during the
vegetation establishment period can result
in root damage as the aggregate shifts.


Advantages


Porous surface that can capture and treat
many of the pollutants associated with
motor vehicles and car parks.


Formation of a trafficable surface that is
stronger than grass or aggregate on its
own.


Well-vegetated structural soils (as shown in
Photo 3) can generally withstand
infrequent, construction traffic, such as
loaded trucks, without damage to the
surface or to the vegetation.


Aggregate continues to provide effective
erosion control properties even during
periods of drought when grass die-back
occurs.


Disadvantages


Long establishment period of 2 to 3 months.


Grass within the treated area is most
susceptible to die-back (browning) during
periods of drought compared to traditional
grassed surfaces.


Surface can be subject to grass fires.


Common Problems


Sediment deposits on the treated surface
can result in soil compaction and failure of
the plant cover.


Special Requirements


It is essential for the aggregate to have a
near uniform in size with little or no fines.
This maximises the potential void volume,
thus maximising the volume of soil infill
without allowing soil compaction.


Requires good perimeter control of
sediment to prevent sediment deposition of
the surface.


Location


Grassed surface that may experience
regular heavy pedestrian traffic or
occasional vehicular traffic.


Site Inspection


Check for sediment deposits on the treated
surface that may compact and damage the
vegetation cover.


Performance Indicators


Check for healthy, continuous vegetation
cover.
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Construction


1. Refer to approved plans for location,
extent, and application details.  If there
are questions or problems with the
location, extent, or method of
application contact the engineer or
responsible on-site officer for
assistance.


2. Prior to placement of the aggregate,
determine the expected void spacing of
the loose aggregate, if not already
specified on the plans.


3. Spread enough aggregate to
completely cover the surface of the soil
at the density or thickness specified in
the approved plans.  If the application
density is not supplied, then apply at a
thickness of at least 150mm.


4. Ensure the soil pH is within the
specified range.


5. Apply sufficient topsoil to completely fill,
but not exceed, the void space within
the aggregate. Where conditions allow,
the soil and aggregate can be pre-
mixed before placement.


6. Using a hand or machine broadcasting
method, apply one-half the specified
quantity of seed while moving back and
forth across the area, making a uniform
pattern.  Then apply the second half in
the same way, but moving at right
angles to the first pass.  Cover
broadcast seed by raking or chain
dragging; then firm the surface with a
roller to provide good seed contact.


7. Even out (level) any disturbances in the
aggregate that have occurred during
the topsoil and seeding process such
that the final design levels and surface
profile are achieved.


8. Mulch the seeded area as specified in
the approved plan.


9. Make all necessary adjustments to
ensure run-on stormwater flow is
allowed to pass freely across the
treated area following its natural
drainage path.


10. Where required, establish appropriate
sediment controls up-slope of the
treated area to prevent sediment
deposition on the surface.


Maintenance


1. Inspect all treated surfaces fortnightly
and after runoff-producing rainfall.


2. Check for rill erosion, or dislodgment of
the aggregate.


3. If wash-outs occur, repair the slope and
reinstall surface cover.


4. If the treatment is not effective in
containing the soil erosion it should be
replaced, or an alternative erosion
control procedure adopted.


Maintenance of grass


1. Watering the vegetation periodically is
essential, especially in the first 7 days
after establishment.  Use low-pressure
sprays because high-pressure jets can
wash away the seed and mulch cover.


2. Watering should start immediately after
planting.  Watering should comply with
specifications provided with the
approved plans.  Generally watering
should vary according to weather and
soil conditions.  A typical watering
schedule may consist of the following:


• 25 mm every second day for the first
three waterings;


• 25 mm twice a week for the next three
weeks; and


• 25 mm once weekly for a further two
weeks.


3. Monitor site revegetation, particularly
after rainfall, and appropriate
maintenance and/or amendment to
ensure that the revegetation is
controlling erosion and stabilising soil
slopes as required.


4. Areas must be re-seeded and mulched
if the vegetation fails to establish or is
damaged by runoff or construction
activities.


5. If the temporary vegetation cover or
erosion control measure (e.g. mulch
cover) should fail for any reason before
establishment of the permanent
vegetation cover, then it must be
replaced with an appropriate type of
cover sufficient to control soil erosion.


6. If the permanent vegetation should fail
to establish or to adequately restrain
erosion for any reason during the
construction or maintenance period, the
area should be reseeded.
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 Surface Roughening
  EROSION CONTROL TECHNIQUE


Revegetation Temperate Climates Short-Term
Non Vegetation Wet Tropics Long-Term
Weed Control Semi-Arid Zones Permanent


Symbol


Photo 1  –  Tracked vehicle walking up and
down slope


Photo 2  –  Corrugated (roughened) surface


Key Principles


1. Surface roughening is an erosion control technique of which there are widely different
opinions.  This reflects the fact that its benefits can vary significantly from region to region,
soil to soil, and climate to climate.


2. The appropriate application of surface roughening is possibly best resolved on a site by site
basis.  However, in most cases exposed soil surfaces should be left in a suitably roughened
state, even if they are about to be vegetated or topped with another layer of soil.


3. In general, clayey soils should not be finished with a glassy smooth surface, especially if
they are to be revegetated using such techniques as hydroseeding or hydromulching, or
any of the hydraulically applied erosion control blankets.


Design Information


On exposed or recently vegetated surfaces, erosion protection can be increased by roughening
the soil surface to increase water infiltration, delay the formation of rilling, and reduce dust
generation. Surface roughening can be applied to both subsoils and topsoils, either before
and/or after seeding.


A roughened soil surface is, however, not always desirable.  In some cases it may be
undesirable to promote the infiltration of water into the soil, such as stockpiled soil immediately
prior it being used as embankment fill. Also, on steep slopes, loose surface soil can present an
increased risk of sediment runoff, especially during periods of high rainfall intensity.


Table 1 provides general guidelines on the application of surface roughening to cut and fill
slopes. This information must be applied in association with site specific geotechnical advice.
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Table 1  –  Typical application of surface roughening on slopes


Slope condition Treatment


• Stair-stepping with a vertical cut of 50 to 100mm can be used to
aid in the anchorage of topsoil on steep slopes.


• In situations where the stair-stepping is to be a permanent
feature of the slope, the vertical cut should be less than 600mm
high in soft material, or 1000mm high in rocky material. The width
of each step should be greater than the cut height. Such stepping
usually does not involve the subsequent placement of topsoil,
and thus is only done on good, fertile subsoils, and rocky slopes
that are not intended to be seeded.


• The horizontal surface of each step should slope inwards
towards the vertical face.


Cut slope steeper
than 3:1(H:V)


• Grooving is generally limited to slopes less than 2:1.


• Grooves should be at least 75mm deep, and not more than
400mm apart.


Fill slope steeper
than 3:1(H:V)


• On slopes to be vegetated, ensure the face of the fill slope
consists of firm, but not hard, fill 100 to 150mm deep; otherwise
use grooving as described above.


• On non-vegetated slopes (e.g. arid and semi-arid areas) achieve
a soil compaction similar to natural slopes in the region.


Cut and fill slopes no
steeper than
3:1(H:V)


• Application of shallow grooves/ploughing (along the contour)
using normal tilling, discing, harrowing, or other suitable means.


• Grooves should be spaced no less than 250mm, and not less
than 25mm deep.


• On slopes intended to be mown, ensure surface roughening is
appropriate for the intended mowing procedures.


Sandy soils no
steeper than
2:1(H:V)


• Roughen using tracked machinery (track walking).


(a) Stair-stepping:


Stair-stepping is achieved during the formation of cut slopes. It involves cutting the slope to form
a series of steps formed along the contour. Each step slopes inward towards the slope to aid in
the capture and pooling of water and seed.


Stair-stepping can be applied to very steep slopes to reduce the risk of topsoil slippage (Photo
6).


Photo 3  –  Stair-stepping Photo 4  –  Slippage of topsoil from steep
cut batter
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(b)  Track walking:


This is achieved by walking a tracked vehicle up and down the slope.


• Generally limited to a maximum 2:1 (H:V) slope.


• Best used on sandy soils that are not likely to compact under the weight of the vehicle.


• When used on some clayey soils, recessed track marks (similar to Photo 5) can be left in
the soil resulting in the concentration of stormwater runoff.


Photo 5  –  Wheel track marks down a
slope potentially causing concentrated


runoff


Photo 6  –  Rilling down newly vegetated
slope cutting through surface roughening


(c) Contour ploughing:


Contour ploughing involves the ripping of mild slopes using a chisel plough or similar tined
implement.


• Plough depth of around 200mm is typical, but 300 to 350mm can be achieved with heavy
duty tines.


• Typically used to prepare land surfaces prior to revegetation.


• Generally limited to slopes of less than about 10:1 (10% or approximately 6 degrees).


Photo 7  –  Contour ploughing Photo 8  –  Contour ploughing


(d) Grooving:


Grooving involves the formation of a series of minor surface grooves aligned with the contour of
a slope. These grooves can be formed using disks, tillers, spring harrows, chisel ploughs,
scarifiers, rippers, or by attaching a serrated edge to a grader blade (commercially available
attachment), the latter being useful when trimming road batters.


Grooves can also be formed by walking modified drum rollers up and down a slope. The drum
rollers are modified by welding triangular sections to the drum (known also as “land imprinters”).
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(e) Contour furrowing: 


Contour furrowing involves the construction of a series of small, level channels (furrows)
designed to capture and hold rainwater on moderately steep land, thereby reducing runoff and
the potential erosion hazard. The distance between the furrows depends on the soil type and
slope. Contour furrowing is typically applied to moderately steep grazing land.


• The furrows generally penetrate at least 300mm, spaced 1 to 10m apart.  It is usually
carried out on hard packed soils to improve water infiltration, or on overburden immediately
prior to topsoiling to assist bonding between the two soil layers.


• Contour furrowing should be employed only with extreme caution on dispersive soils.
Always seek expert (soil science) advice.


Contour furrowing is generally not considered a part of surface roughening, instead it is a land
management technique typically used in rural areas.


(f) Contour ripping:


Contour ripping is the formation of 600 to 900mm deep furrows along the contour of slopes. The
deep furrows capture and infiltrate stormwater thus making best use of limited rainfall. In semi-
arid areas subject to occasional heavy rainfall (e.g. parts of northern Australia), soil saturation
following such heavy rain can lead to concentrated runoff down the slope damaging the rip
lines, and potentially resulting in high sediment runoff (similar to Photo 6).


• Formed using machinery such as single or multi-tine ripper (600–900mm deep) attached to
a heavy tractor or bulldozer.


• Typical ripping with two tines spaced about 1m apart. Each twin-furrow being spaced 2 to
6m apart depending on the slope grade.


• Generally limited to slopes of less than 6:1 (10 degrees).


• Generally limited to a maximum 3:1 (H:V) slope.


• Contour ripping should be employed only with extreme caution on dispersive soils. If soils
are dispersive, then contour ripping may increase the erosion risk.


Contour ripping is generally not considered a part of surface roughening, instead it is a land
management technique typically used in rural areas, and for mine site rehabilitation within arid
and semi-arid areas.


Description


The roughening of exposed soil slopes with
horizontal groves running across the slope.
It is different from “contour furrowing” and
“contour ripping”, which are often used as a
land management tools in rural areas.


Surface roughening can be achieved by a
number of methods including walking a
tracked vehicle up and down the slope. 


It can also be produced by attaching a
serrated edge to a grader blade (especially
when trimming road batters), or by using a
chisel plough, scarifier or ripper.


Purpose


Surface roughening can be used on
exposed and recently seeded surfaces to: 
• increase stormwater infiltration;
• delay the formation of rilling;
• reduce wind-induced soil erosion;
• promote faster seed germination within


the dozer cleat marks by trapping and
holding small pools of water, as well as
seed and fertiliser.


• reduce runoff velocity (up to a given
rainfall intensity, beyond which rilling
may begin to occur resulting in
concentrated, high-velocity flow)
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Limitations


Each treatment method is limited to a
different maximum bank slope.


Surface roughening produced by dozer
track marks is generally best used on sandy
soils.  On clayey soils there is the risk of
soil compaction leading to the formation of
minor channel depressions that may
concentrate runoff.


Advantages
The benefits of increased slope roughness
include: 
• increased retention of water on slopes;
• increased water infiltration into the soil;
• reduced runoff volume;
• reduced dust generation.


Inexpensive to implement, but may not be a
cost-effective use of heavy machinery on a
construction site.


Can improve the stabilisation of topsoil on
steep slopes if surface roughening has
been applied to the subsoil.


Aids in the establishment of vegetation by
allowing water to collect and pool within the
cleat marks (track walking).


Disadvantages


Generally of limited value during periods of
heavy rainfall.


Questionable benefit on construction sites
given the cost and effort of application.


Common Problems


Problems can occur once the soils are
saturated and surface runoff begins to
move down the slope across the grooves
and furrows causing erosion.


Special Requirements


Immediately seed and mulch roughened
areas to optimise seed germination and
growing conditions.


Existing rutting and gullies should be filled
or suitably contoured.


Up-slope runoff should be diverted around
treated area if such run-on water is likely to
cause erosion.


Seek expert (soil science) advice before
deep ripping or furrowing land containing
dispersive subsoils.


Site Inspection


Inspect the area for the formation of rill or
gully erosion, and where necessary, repeat
the surface treatment or improve up-slope
drainage control.


Check the furrows/cleat marks are deep
enough.


Check the furrows/cleat marks are aligned
with the contour.


Application


1. Refer to approved plans for location,
extent, and application details.  If there
are questions or problems with the
location, extent, or method of
application contact the engineer or
responsible on-site officer for
assistance.


2. Fill or suitably contour any existing
rutting, rilling or gullies.


3. Suitably divert up-slope stormwater
runoff around treated area as directed
within the approved plans, or otherwise
as directed by the site engineer.


4. Apply treatment to the area to the depth
and frequency (spacing) specified on
the approved plans, or otherwise as
directed by the site engineer.


5. Immediately seed and mulch
roughened areas to optimise seed
germination and growing conditions.


Maintenance


1. During the construction period, inspect
the treated area prior to forecast
rainfall, daily during extended periods of
rainfall, after significant runoff
producing rainfall, or otherwise on a
weekly basis.


2. Fill erosion rills slightly above the
original grade, or regrade the slope as
directed to remove the rills.
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 Mulch Tackifiers
  EROSION CONTROL TECHNIQUE


Revegetation Temperate Climates Short-Term
Non Vegetation Wet Tropics Long-Term
Weed Control Semi-Arid Zones Permanent


Symbol (not applicable)


Key Principles


1. Critical attributes of a mulch tackifier is its ability to anchor the applied mulch and prevent,
or at least minimise, movement of the mulch as a result of rainfall, plant watering, wind and
gravity.


2. Choice of tackifier primarily depends on expected and/or probable rainfall intensity and wind
strength, land slope, type of mulch, and required ability to either assist (revegetation) or
restrict (weed control) emerging vegetation.


Design information on the selection and used of tackifiers and other products for the direct
stabilisation of soil surfaces (i.e. without the application of mulch) is provided in a separate fact
sheet “Soil Binders”.


Design Information


Tackifiers are used to anchor the mulch, and reduce displacement by wind, water and gravity. 


Tackifiers generally fall into one of the following three categories:
• vegetable-based adhesives
• copolymers
• petroleum oils and resin-emulsions


Vegetable-based adhesives have an effective operational life of 3 to 6 month within temperate
climates during periods of normal rainfall.







© Catchments & Creeks Pty Ltd September 2009 Page 2


Copolymers are mixed with water prior to application and are both photo- and chemically-
degradable with an effective operational life of about 1 year. This operational life can be
reduced by such things as freezing conditions.


Petroleum oils and resin-emulsion binders are also photo- and chemically-degradable with an
effective operational life of about 1 year.


Tackifiers such as PVA glue and anionic bitumen emulsions can be used for short fibre
mulches.


Chemical tackifiers or mechanical anchoring may be used to hold the mulch in position to
reduce loss by wind and water, especially on sloping ground.  Methods include:
• Lightly discing into the ground.
• Tracked construction machinery working up and down the slope.
• Covering with a suitable mesh such as jute or coir mesh.
• Application of a slow setting anionic bitumen emulsion (AS1160) which is suitable for either


wet or dry surfaces—normal application rate of 1000 to 2000L/ha of 50:50 anionic bitumen
emulsion.


• Application of other chemical or organic tackifiers (typical rates of 120 to 150kg/ha). 


On slopes of 15% or greater, a binding chemical (tackifier) or other suitable anchoring mesh,
should be applied to the mulch. 


The two main tackifiers used in Australia are: 
• cross linked guars—biodegradable, non hard-settling and re-wettable (a product commonly


used within the food industry); 
• copolymer Poly Vinyl Alcohol (PVA)—more durable than "guars", hard-setting, but will not


re-wet after initial setting.


Psyllium husks and polyacrylamides (PAMs) are less commonly used in Australia.


Guar (guar gum) tackifiers:


Guar tackifiers shall consist of a minimum of 95% guar gum by weight; the remaining shall
consist of dispersing and cross-linking additives. These tackifiers are generally preferred on mild
slopes during periods of low rainfall.


The advantage of guar tackifiers is their excellent flow characteristics making their application
by hydromulchers easier. They are completely biodegradable and do not restrict the emergence
of plant shoots even when they have dried to a soft crust.


The main disadvantage of guars is that they can “re-wet” and lose their strength following
rainfall or sustained plant watering.


Typical application rate is 55kg of dry adhesive mixed with a minimum of 280kg of recycled
newsprint as a tracer, and 12,200L of water applied per hectare. 


Copolymer PVA tackifiers:


PVA tackifiers are generally considered better when applied on steep slopes.  Their main
disadvantage is that they may adversely affect emerging shoots due to their hard-setting nature.


Copolymer PVAs are probably not as environmentally friendly compared to guars, but they are a
lot more durable (i.e. do not “re-wet”). Their main advantage is their holding strength when
applied to mulches on steep slopes, and mulches applied during periods of high rainfall. Their
main disadvantage is that they form a crust that can restrict the emergence of plant shoots.


Typical application rate is 110kg of dry adhesive mixed with a minimum of 280kg  recycled
newsprint as a tracer, and 12,200L of water applied per hectare. 
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Latex-based tackifiers:


The recommended composition, by weight, of a latex emulsion polymer tackifier is 48% Styrene,
50% Butadiene, and 2% additive; 42.0 to 46.0% solids; and a pH, as shipped, of 8.5 to 10.0.
The emulsion shall not be allowed to freeze or to be exposed to sunlight for a prolonged period
of time. (developed from Wisconsin DoT specifications)


Typical application rate for latex-based tackifiers is 140L of latex-based adhesive mixed with a
minimum of 280kg of recycled newsprint as a tracer, and 3500L of water applied per hectare.


Other tackifiers:


Other potential tackifiers include water soluble natural vegetable gums or guar gums blended
with gelling and hardening agents, or a water soluble blend of hydrophilic polymers, viscosifiers,
sticking aids, and other gums.


Table 1  –  Example of guar gum based tackifiers


Products Manufacturer
Lawn Tack Amturf Seeds


Second Nature Tacpac GTX Central Fiber Corp.
Landtack Erosion Control Technologies


Eco Tak-OP Eastern Products Inc.
Finn A500 Hydro-Stik Finn Corporation


Table 2  – Example of hydrophilic polymer tackifiers


Products Manufacturer
Exact-Tac (E-T) American Excelsior Co.
Con-Tack A/T Con Wed
Eco Tak-SAT Eastern Products Inc.


 
Table 3  –  Example of latex based tackifiers


Products Manufacturer
BUTOFAN NS 268 BASF Corp.
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 Polyacrylamide
  EROSION CONTROL TECHNIQUE


Revegetation Temperate Climates Short-Term
Non Vegetation Wet Tropics Long-Term
Weed Control Semi-Arid Zones Permanent


Symbol


Key Principles


1. Polyacrylamide (PAM) must only be used under strict environmental controls specified by
suitably trained and experiences personnel.


2. If rainfall is possible, PAMs should not be the only cover material or surface stabiliser
applied to the treated area.


3. PAMs must not be used on surfaces that drain directly to a water body (excluding sediment
traps/basins). Stormwater runoff from treated areas must pass through a sediment basin
(or other appropriate control) before leaving the site or entering any permanent water body
(e.g. watercourse or lake).


4. Only the anionic form of polyacrylamide PAM shall be used.


Design Information


Polyacrylamide (PAM) may be applied in dissolved form with water (preferred), or applied as a
dry, granular or powder. PAMs are high soluble, but dissolve very slowly, thus dry granular PAM
should be dissolved in clean water several hours before usage, or overnight.


When used as a soil stabiliser, the service life is defined by the ability of the treated surface to
achieve a minimum cover factor (C) of 0.50 as defined in the Revised Universal Soil Loss
Equation (RUSLE).
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Polyacrylamide is a polymer formed from acrylamide sub-units that can also be readily cross-
linked. Acrylamide needs to be handled using best laboratory practice (such as wearing
appropriate gloves, lab coat etc. and having safe systems of work) to avoid poisonous exposure
since it is a neurotoxin (nerve toxin). Polyacrylamide is not toxic, but unpolymerised acrylamide
can be present in the polymerised acrylamide. Therefore it is recommended to handle it with
caution. In the cross-linked form, it is highly water-absorbent, forming a soft gel used in such
applications as the manufacturing soft contact lenses. In the straight-chain form, it is also used
as a thickener and suspending agent.


One of the largest uses for polyacrylamide is flocculate or coagulate solids in a liquid. This
process applies to water treatment, and processes like paper making. Most polyacrylamide is
supplied in a liquid form. The liquid is sub-categorised as solution and emulsion polymer. Even
though these products are often called 'polyacrylamide', many are actually copolymers of
acrylamide and one or more other chemical species. The main consequence of this is to give
the 'modified' polymer some ionic character.


The anionic form of polyacrylamide is frequently used as a soil conditioner on farm land and
construction sites for erosion control, in order to protect the water quality of nearby rivers and
streams. The cationic PAM is considered toxic.


Polyacrylamides are also used within water treatment industry. Trivalent metal salts like ferric
chloride and aluminium chloride are bridged by the long polymer chains of polyacrylamide. This
results in significant enhancement of the flocculation rate. This allows water treatment plants to
greatly improve the removal of total organic content (TOC) from raw water


Some research indicates that polyacrylamide can degrade under normal environmental
conditions, releasing acrylamide, a known nerve toxin. Early research indicated that
polyacrylamide had the potential to host a nerve toxin, however recent research appears to
contradict this outcome. In any case, the use of polyacrylamide required environmental
investigation with regard to its potential environmental impact, and must only be used under
strict environmental controls specified by suitably trained and experiences personnel.


Description


Polyacrylamide (PAM) is a polymer-based
chemical surface stabiliser used for erosion
control, chemical flocculation, and as a soil
binder.


Only anionic products are used.  Cationic
Polyacrylamide should not be used.


Purpose


PAMs can be used as a means of
controlling soil erosion on disturbed soils,
as a mulch tackifier, and as a chemical
flocculant for sediment basins.


PAMs increase the soil’s available pore
volume, thus increasing rainwater infiltration
and reducing runoff.


Limitations


PAMs must not be directly applied to water,
or allowed to enter a water body (excluding
sediment traps/basins).


PAMs must not be used on surfaces that
drain directly to a water body (excluding
sediment traps/basins).


The effectiveness of PAMs is reduced if
applied to a saturated soil surface.


Special Requirements


PAM and PAM mixtures/additives must be
non-combustible and environmentally
compatible, harmless to local fish, wildlife
and plants.


Stormwater runoff from treated areas must
pass through a sediment basin (or other
appropriate control) before leaving the site
or entering any permanent water body (e.g.
watercourse or lake).


Supplementary erosion and sediment
control practices within the treated area
must be optimised and of a high standard.


If rainfall is possible, PAMs should not be
the only cover material or surface stabiliser
applied to the treated area.


PAMs can be applied to wet soils, but dry
soil application is preferred.


Granular polyacrylamide must be stored out
of the sun while not in use.


PAM, combined with water, is very slipper
and can represent a safety hazard.
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Location


PAM are best used on disturbed areas that
drain to a sediment basin.


PAMs can be applied to the following areas:
• rough graded soils during an extended


period of non activity (e.g. site
shutdown);


• exposed soil surfaces prior to final
stabilisation;


• temporary construction roads;
• compacted soil road base;
• soil stockpiles;
• disturbed soil surfaces that will be


mulched.


Materials


• Choice of polyacrylamide should be
based on the most environmentally
safe, anionic product available.
Cationic polyacrylamide shall not be
used.


• Polyacrylamide used for erosion and
sediment control shall be water soluble,
linear, or non-cross linked.


• Granular polyacrylamide must be
stored out of the sun while not in use.


Application


1. Refer to approved plans for location,
extent, and application details.  If there
are questions or problems with the
location, extent, or method of
application contact the engineer or
responsible on-site officer for
assistance.


2. Polyacrylamide, combined with water,
is very slipper and can represent a
safety hazard. Appropriate
management of any safety hazard must
be achieved.


3. Ensure all polyacrylamide are used for
purposes and at application rates in
accordance with manufacturer’s
specifications and recommendations.


4. Polyacrylamide must not be added to
water discharging directly from the site.


5. Pre-dissolve the dry, granular
polyacrylamide into a concentrated
solution overnight or several hours
before usage.


6. Prior to application, ensure
supplementary erosion and sediment
control practices comply with best
practice.


7. Pre-fill a tank approximately 1/8 full with
water prior to input of the pre-prepared,
concentrated polyacrylamide solution.
Continue to fill the tank with the
required water volume. The water must
have low turbidity in the range of 20
NTU or less.


8. Apply the mixture until the soil surface
is uniformly and completely wetted. 


9. All reasonable efforts should be taken
to apply polyacrylamide solution to the
soil while the soil is in a ‘dry’ condition.


10. During application, all reasonable
efforts must be taken to avoid spray
onto roads, pathways, drainage
channels not intended for application,
and existing vegetation.


Maintenance


1. Inspect the treated surface prior to
forecast rain, daily during extended
periods of rainfall, after significant
runoff producing storms or otherwise at
fortnightly intervals.


2. Reapply within 48 hours after the
treated areas has been disturbed by
earthmoving machinery if erosion
control is required.


3. Reapply as necessary on damaged
areas.


4. Reapplication is generally not required
unless the treated area is disturbed, a
period of 60-days has passed, or
unless acceptable turbidity levels are
exceeded.  If the treated area has been
mulched, then reapplication may not be
required for several months.








© Catchments & Creeks Pty Ltd September 2009 Page 1


 Bonded Fibre Matrix (Light mulching)
  EROSION CONTROL TECHNIQUE


Revegetation Temperate Climates Short-Term
Non Vegetation [1] Wet Tropics Long-Term [3]


Weed Control [2] Semi-Arid Zones Permanent [3]


[1] Can be used without seed content as a non-vegetated, short-term erosion control technique, but
generally not recommended.


[2] Weed control benefits depend on the type of mulch and tackifier (glue), and their application rates.
[3] Long-term benefits can be provided by the resulting vegetation cover (if hydro-seeded prior to


application of BFM).


Symbol


Photo 1  –  Application of Bonded Fibre
Matrix


Photo 2 –  Treated surface prior to drying 


Key Principles


1. Application rate and surface cover are critical to its short-term erosion control.


2. Wet strength is determined by the choice and mix of non re-wetting glues.


3. Treated soil should not be visible after application of the Bonded Fibre Matrix (BFM).


4. Soil testing and preparation is critical for successful vegetation establishment.


Design Information


Application rates of 4 to 8 tonnes/ha of organic material (weight measured with a water content
of 10–15%). Table 1 provides recommended minimum application rates.


Note: An application rate of 5 tonnes/ha is equivalent to 5000kg/ha or 0.5kg/m2.
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Table 1  –  Recommended minimum application rates [1]


Location Slope Mulch Tackifier
10% or
steeper


6000kg/ha 120kg/ha of cross-linked guar, plus
120kg/ha of copolymer PVA binder


Months of extreme
erosion risk (e.g. wet or
dry tropics during the
wet season) [2] < 10% 5000kg/ha 60kg/ha of cross-linked guar, plus


60kg/ha of copolymer PVA binder
10% or
steeper


5000kg/ha 100kg/ha of cross-linked guar, plus
50kg/ha of PAM binder


Wet or dry tropics (dry
season) [3]


South-east Queensland < 10% 5000kg/ha 80kg/ha of cross-linked guar, plus
40kg/ha of PAM binder


Other locations All 4000kg/ha 60kg/ha of cross-linked guar, plus
20kg/ha of PAM binder


Weed control application < 10% 8000kg/ha
[4]


300 to 400kg/ha of copolymer PVA or
PAM binder


[1] Local conditions (e.g. slope, soil stability, and expected weather conditions) may require a variation in
applications rates—always seek expert advice.


[2] Includes any month that immediately precedes a month of extreme erosion risk. Months of extreme
erosion risk determined in accordance with locally adopted procedures, otherwise using the
procedures presented in IECA (2008) Section 4.4.


[3] Includes any period not included in the above category. The monthly erosion risk must be
determined in accordance with locally adopted procedures, otherwise using the procedures
presented in IECA (2008) Section 4.4.


[4] Recycled paper organic matter only for weed suppression.
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Description


Bonded Fibre Matrix (BFM) is the
application of wood fibre, and/or recycled
paper, and/or bagasse, and/or sugarcane
toppings, and/or milled straw through a
hydro-seeder.


The process differs from Hydromulching
mainly in the application rate and the use
non re-wetting glues. The applied tackifiers
typically incorporate a cross-linked, guar
product, copolymer PVA binder, PAMs or
various combinations of each.


BFMs are viewed as hydraulically applied
mulches or erosion control blankets.  They
have a viscous bonding agent that dries to
form a protective skin over the treated
surface.


BFMs should be the second application
following hydro-seeding. Often seed,
fertiliser and other soil ameliorants are
incorporated into the mulch and glue
(tackifier) slurry.


Purpose


Used for erosion control and revegetation,
particularly on steep slopes and areas
where heavy rainfall could dislodge loose
mulch or Hydromulch.


Can be used for the revegetation of minor
waterways and drainage channels that may
experience heavy rainfall or minor flows
soon after placement (i.e. before vegetation
establishment).


Useful in the revegetation of irregular (e.g.
heavily rilled/gutted) ground that cannot be
successfully reshaped.


Limitations


Limited to low to medium scour velocities.
The allowable scour velocity is higher than
Hydromulch, but is significantly less than
many other Erosion Control Blankets and
Erosion Control Mats.


Short-term erosion control can be
compromised by pedestrian and vehicular
traffic. Treated areas should be considered
non-disturbance areas until vegetation is
established.


Revegetation can be poor if applied directly
to poor subsoils.


Soil testing and soil preparation is
fundamental to successful vegetation
establishment.


Should not be applied directly to the
surface of dispersive soils.


Advantages


Requires less surface preparation than
rolled erosion control products (e.g. Erosion
Control Blankets).


Good seed germination and establishment
is normally achieved.


BFMs are more cost effective than rolled
Erosion Control Blankets.


Disadvantages


Application requires experienced operators.


Not all hydro-seeders are capable of
applying cane fibre BFMs. Pump blockages
can result.


Common Problems


Inferior application rates, products, and/or
tackifiers applied.


The short-term surface seal formed by a
BFM can be easily damaged by traffic
(pedestrian or vehicular).


Special Requirements


The blanket should be sprayed on the soil
surface from at least two directions to
provide a complete and continuous
coverage (i.e. no gaps).


Must not be applied on excessively wet or
smooth soil. Excessively smooth soil
surfaces can limit the penetration of the
newly established root fibres into the soil.


Depending on the product, BFMs typically
require 12 to 24 hours to dry before their
erosion control benefit becomes fully
effective.


Important not to add too much copolymer
PVA as the resulting crust may inhibit the
emergence of germinated plants.


Location


BFMs are often preferred over other
mulching and revegetation techniques in
wet environments (i.e. high rainfall) and in
drainage channels that may experience
minor flows within the weeks following
application.


Site Inspection


Treated soil surfaces should not be visible
after application of the BFM.
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Performance Indicators


Application rate can be determined by
recording the amount of raw material added
to each truck load of BFM and measuring
the area of ground treated.


Percentage cover of vegetation can be
measured using the quadrant method (a
grided inspection plate which is
photographed and analysed) or by visual
estimation (refer to the Revegetation fact
sheet).


Operational performance with respect to the
control of raindrop impact erosion can be
measured by comparing the relative change
in land elevation of a treated surface with
an adjacent non-erodible surface such as a
metal plate set into the soil level with the
surface of the matrix.


The metal plate must be attached to the soil
surface without solid foundations such that
the plate can respond to any natural soil
compaction, but not be affected by soil
erosion (i.e. do not compare the newly
treated surface with a solid object such as a
concrete kerb of building foundation).


Operational performance with respect to the
control of dust can be measured using
traditional dust collectors.


Material


• Mulch: typically 100% wood fibre, 100%
bagasse, or 75% cane fibre and 25%
recycled paper. The remainder must
consist of suitable mulching material
such as recycled paper.


• Tackifier: non re-wetting, cross-linked,
guar product combined with either a
copolymer PVA binder (tropical
environments) or PAMs, unless used
specifically for weed control.


Application


The following specification applies to grass
seeding, not the application of native tree or
shrub seed. The adopted specification must
be appropriate for local conditions.


1. Refer to approved plans for location,
extent, and application details.  If there
are questions or problems with the
location, extent, or method of
application contact the engineer or
responsible on-site officer for
assistance.


2. Ensure all necessary soil testing (e.g.
soil pH, nutrient levels) and analysis
has been completed, and required soil


adjustments performed prior to
application.


3. Ensure the surface is free of deep track
marks of other features that may result
in ongoing flow concentration down the
slope.  Where necessary, establish up-
slope drainage controls to limit run-on
water that may disturb the matrix.


4. Contour scarify the soil surface and fill
areas prior to application of the matrix.


5. If the soil is dry, water the treatment
area before application to increase
penetration of the adhesive and
fertiliser additives.


6. Machine applications must comprise a
minimum of two passes in opposite
directions unless otherwise specified.
Ensure complete coverage of the
specified treatment area occurs.


7. During application, all reasonable
efforts must be taken to avoid spray
onto roads, pathways, drainage
channels not intended for application,
and existing vegetation.


8. Continue to water after allowing 24
hours drying time.  Water as required to
maintain suitable germination and plant
growth.  The matrix should be kept
moist until successfully seed
germination occurs.


Maintenance


1. Inspect the application fortnightly and
after runoff-producing rainfall.


2. Check for rill erosion, or dislodgment of
the fibre matrix.


3. Replace any displaced fibre matrix to
maintain the required coverage.


4. If stormwater runoff displaces more
than 10% of the fibre matrix, then
investigate the need for additional
drainage controls to prevent further
displacement.


5. Continue inspections until vegetation is
suitably established or erosion control
is no longer required.


6. If the fibre matrix is not effective in
containing the soil erosion it should be
replaced, or an alternative erosion
control procedure adopted.
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 Soil Binders
  EROSION CONTROL TECHNIQUE


Revegetation Temperate Climates Short-Term
Non Vegetation Wet Tropics Long-Term
Weed Control Semi-Arid Zones Permanent


Symbol


Key Principles


1. The application and success of soil binders can vary significantly from region to region.  The
best advice is to trial various measures and learn from experience.  This, however, must not
be used as an excuse to trial techniques that clearly show little promise of success.


2. Key design issues are the potential environmental impacts, trafficability and longevity.


Design Information


The authors have not investigated any of the soil binders presented in this fact sheet and thus
cannot recommend their specific use.  This information is provided as reference material only.
Designers should seek local product distributor advice and review State guidelines and product
approval lists prior to use.


Soil binder can be grouped into the following categories:
(a) Bitumen-based
(b) Organic-based (short-life)
(c) Organic-based (long-life)
(d) Polymeric emulsion blends
(e) Cementitious-based


(a) Bitumen-based soil binders


Bitumen-based soil binders consist of a mixture of bitumen, emulsifying agent, stabilising agent,
and water.  They have a low viscosity and are typically by spraying (cold). 


Upon application, the emulsion breaks and the bitumen particles merge as the water is
absorbed or evaporates.  The rate of breaking can be varied, depending on the emulsifying and
stabilising agents.
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Two types of bitumen emulsion are recognised:
• Anionic bitumen emulsion which is alkaline in nature and slow-breaking.
• Cationic bitumen emulsion which is acid in nature and is favoured for road sealing. These


emulsions should not be used for soil conservation purposes.


Asphalt-based products should not be used as a soil binder, but may be used as a mulch
tackifier, or as a surface sealer on access and haul roads. On long-term access and haul roads,
the sealing of road with an application of 10mm single-coat bitumen seal can be more effective
than the application of many other soil binders.


In circumstances where bitumen emulsions are required for erosion control, then slow-breaking,
anionic, bitumen emulsions are typically applied at rates of around 2500L/ha on batters, and up
to 4000L/ha in areas of minor concentrated flow.  Cationic bitumen emulsions should not be
used if there is the risk of the emulsion washing off into downstream water bodies.


(b) Organic-based (short-life) soil binders


Short-life, organic-based soil binders include: guar, pryllium and starch.


Guar:
Guar is a short-lived binder consisting of a non-toxic, biodegradable, galactomannan-based
hydrocolloid, treated with dispersant agents.  It is mixed with water prior to application at a rate
of around 1.2 to 1.8kg per 1000 litres. Recommended application rates are presented in Table
1.


Table 1  –  Typical ‘guar’ application rates as a soil stabiliser [1, 2]


Slope (H:V) Flat 4:1 3:1 2:1 1:1


Rate (kg/ha) 45 50 56 67 78


[1] Sourced from California Stormwater BMP Handbook – Construction, EC-5 (2003)
[2] For application rates as a mulch tackifier, refer to the relevant Mulch Tackifier and Bonded Fibre


Matrix fact sheets


Psyllium:
Psyllium is a short-lived binder formed from the muciloid coating of plantago seeds.  It is applied
either as a wet slurry or dry powder to the soil surface. After wetting, it requires 12 to 18 hours
drying time, after which it forms a rewettable membrane that permits germination and growth of
seeds.


Application rates are typically from 90 to 225kg/ha, with enough water in solution to allow for a
uniform slurry flow. 


Starch:
Starch is a short-lived binder consisting of a non-ionic, cold water-soluble (pre-gelatinised)
granular cornstarch.  Applied in a water mixture at a typical rate of 190kg/ha.  Drying time is
approximately 9 to 12 hours.


(c) Organic-based (long-life) soil binders


Long-life, organic-based soil binders include: pitch and rosin emulsion.


Pitch and rosin emulsion:
A non-ionic pitch and rosin emulsion with a minimum solids content of 48% with the rosin
representing a minimum total solids content of 26%.  The emulsion should be non-corrosive,
water dilutable, and upon application, cure to a water insoluble binding and cementing agent.  


For soil erosion control, the emulsion is diluted 5 parts water to 1 part emulsion for clayey soils,
and 10:1 for sandy soils. Application can be by water truck or hydraulic seeder.
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Pine resin used for road surfacing:


For paving purposes, pine resin and/or pitch is mixed with crushed stone-usually decomposed
granite-that includes a range of particle sizes, from 13 or 19mm down to fines that pass through
a #200 sieve (75 µm). For the 19mm aggregate mix, one-quarter to one-half of the aggregate
should pass through a #8 (2.4 mm) sieve. Ideally, the aggregate should not include organic
matter or clay particles, though clayey mixes are sometimes used satisfactorily.


The pine resin is added to wetted (2 to 4% water) aggregate in a cold process at a rate of
around 6% to 9% by weight (refer to manufacturer’s advice). The aggregate and emulsion
mixture is then laid down using fairly conventional paving equipment and practices. Instead of
the product setting by cooling, it sets through evaporation of water leaving the mixture.


Once mixed, it can become extremely sticky if rubbed between the fingers and hard to wash off.


The compressive strength of Resin Pavement typically exceeds that of conventional asphalt by
more than threefold. Given the high content of fines (required for proper hardening), the cured
pavement is highly impermeable and can withstand heavy wash and even flooding. The
strength of pine resin pavement varies due to the quality of application, site location, original
subgrade strength, and properties of the pine resin.


Much of the energy required to lay normal asphalt is avoided because the mixture does not
have to be heated up. Also, because the adhesive material is made of tree resin rather than
normal petroleum based asphalt, the pavement doesn't contain any volatile petroleum-based
chemicals. The final product is similar in appearance to asphalt in texture and thickness but can
vary in colour. The treated surface retains a colour similar, but slightly darker, to the original
subgrade.


Terminology:


Oleoresin: a natural mixture of an essential oil and a resin.


Pine pitch: a black, viscous ‘tar’ derived from the distillation of wood; before the development of
coal-tar pitch.


Pine rosin: a residue from distillation of turpentine oil from raw turpentine.


Resin: any of the class of non-volatile, solid or semisolid organic substances obtained directly
from certain plants.


Rosin: the hard, brittle, transparent, faintly aromatic solid brittle resin left after distilling of the oil
of turpentine from the crude oleoresin of the pine.


(d) Polymeric emulsion blend soil binders


Polymeric emulsion soil binders include: acrylic copolymers and polymers; liquid polymers of
methacrylates and acrylates; copolymers of sodium acrylates and acrylamides; poly-acrylamide
and copolymer of acrylamide; and hydro-colloid polymers.


Acrylic copolymers and polymers:
Polymeric soil binders consist of a liquid or solid polymer or copolymer with an acrylic based
containing a minimum 55% solids. Polyvinyl acrylic polymer emulsion (PVA) produce a soil
surface binding film which can be used for dust control.


Polymeric soil stabilisers should be:
• readily mixable in water;
• non-injurious to seed or animal life;
• non-flammable;
• not re-emulsify after curing.


Polymeric emulsion should not be allowed to exceed their shelf life, should be mixed in a
manner that avoids foaming (anti-foaming agent may need to be included).
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Liquid copolymers should be diluted at a rate of 10 parts water to 1 part polymer, and the
mixture applied at a rate of around 11,000L/ha, but not at a rate that totally inhibit water
infiltration into the soil. Drying time is around 36 to 48 hours.


Liquid polymers of methacrylates and acrylates:
Liquid polymers of methacrylates and acrylates are an aqueous, 100% acrylic emulsion blend of
40% solids by volume. They are required to be free of styrene, acetate, vinyl, ethoxylated
surfactants, or silicates.  The emulsion is diluted with water in accordance with manufacturer's
specifications then applied at a rate of around 190L/ha.  Drying time is around 12 to 18 hours.


Copolymers of sodium acrylates and acrylamides:
These copolymers are a non-toxic, dry powder copolymer mixed with water and applied at a
rate appropriate for the soil slope, such as provided in Table 2.


Table 2 – Typical application rates for copolymers of sodium acrylates and acrylamides [1]


Slope (H:V) Flat to 5:1 5:1 to 3:1 3:1 to 1:1


Rate (kg/ha) 3.4 – 5.6 5.6 – 11 11 – 22


[1] Sourced from California Stormwater BMP Handbook – Construction, EC-5 (2003)


Poly-acrylamide and copolymer of acrylamide:
Packaged as a dry, flowable solid, these products can be used as a stand-alone soil binder. It is
diluted to a rate of around 1.32kg per 1000 litres of water and applied at a rate of around
5.6kg/ha.


Hydro-colloid polymers:
These polymers consist of various combinations of poly-acrylamides, copolymers and hydro-
colloid polymers that are mixed with water and applied to the soil surface at rates of 60 to
70kg/ha.  Expected drying time is from zero to 4 hours.


(e) Cementitious-based soil binders


A formulated gypsum-based binder composed of high purity gypsum that is ground, calcined
and processed into calcium sulfate hemihydrate with a minimum purity of 86%.  It is applied at
rates of around 4500 to 13,500kg/ha diluted in water about 0.22kg/L. Temperatures must be
above 5.6°C during application and curing, and winds must be less than 16kph during
application. Drying time is 4 to 8 hours.


Cementitious products form a crust 3 to 9mm deep over the soil surface once set. The crust is
water permeable yet stable enough to hold soil, seed and fertiliser in place long enough for
seed germination and establishment. The soil surface must be treated with an alkaline
amendment, like liquid lime, before application (seek expert advice).


Cementitious-based soil binders are suitable for soil stabilisation and dust control. The formed
crust is inorganic and does not break down in sunlight, and thus can be used for dust control in
dry and arid climates.


Products considered unsuitable for use as a soil binder:


The following materials must not be used for dust suppression purposes:
• oil;
• land-fill gas condensate;
• any contaminated leachate or stormwater when the use of such material is likely to cause


unlawful environmental harm.
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Characteristics of various soil binders are provided in Tables 3 and 4.


Table 3  –  Soil binder characteristics [1]
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Guar 80-85 1-3 L L-M


Psyllium 25-35 3-12 L L-H


Organic-based 
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Starches 25-30 1-3 L L


Organic-based 


(long-life)


Pitch/rosin emulsion 60-75
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3-12 M H


Acrylic polymer and copolymers 35-70 >12 M L-M


Methacrylates and acrylates 35-40 1-3 L L


Sodium acrylates and
acrylamides


20-70 1-3 L L-M


Polyacrylamide 55-65 3-12 L L


Polymeric emulsion
blends


Hydro-colloid polymers 25-40 3-12 L L-M


Petroleum/resin-
based emulsions


Emulsified petroleum resin 10-50 3-12 M H


Cementitious-based
binders


Gypsum 75-85 Ph
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3-12 L M-H


[1] Sourced from California Department of Transportation (2002)


Table 4  –  Generalised properties of soil binders for erosion control [1]


Binder type
Evaluation


criteria
Organic-based


(short-life)
Organic-based


(long-life)
Polymeric


emulsion blend
Cementitious-
based binders


Resistance to
leaching


High High Low to moderate Moderate


Resistance to
abrasion


Moderate Low Moderate to high Moderate to high


Longevity Short to medium Medium Medium to long Medium


Curing time
(minimum)


9 to 18 hours 19 to 24 hours 0 to 24 hours 4 to 8 hours


Compatibility
with vegetation


Good Poor Poor Poor


Liquid or powder Powder Liquid Liquid/powder Powder


Surface
crusting


Yes, but dissolves
on re-wetting


Yes Yes, but dissolves
on re-wetting


Yes


Clean up Water Water Water Water


[1] Sourced from California Stormwater BMP Handbook – Construction, EC-5 (2003)
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Description


Soil binders are a form of chemical surface
stabiliser and/or soil-bonding agent applied
to exposed soil surfaces to control erosion.


Sprayed over the soil surface, these
products stabilise the soil by providing a
thin surface crust (cap) and/or binding loose
soil particles to a depth of around 5cm.


Products include: petroleum oils, petroleum
resins, asphaltic emulsions, potassium
chlorides, calcium chlorides, magnesium
chlorides, pine tars, tree sap, molasses,
silicic acid, alcohols, gilsonite resins,
hydrophilic colloids, tall oil pitch, polymers,
polyurethanes, acrylics, glues, sealers, and
so on, but not all are desirable or even
accepted for use by regulators.


Purpose


Soil stabilisers are considered a short-term
(6 months or less) erosion control measure.
Most soil binders can be used to control
both wind and water-induced soil erosion.


They can be a good alternative to mulches
in areas where earthworks will soon
resume.  Some soil binders can also be
used to stabilise earth stockpiles. 


Limitations


Most products have a limited life and
consideration should be given to the use of
geotextiles if the exposed surfaces need to
be protected for extended periods or during
the wet season.


Traffic can damage some products more
than others. Protective fencing maybe
required to control traffic movement.


Some products may make the soil water
repellent, possibly resulting in long-term
revegetation problems.


Effective soil stability may not be achieved
on slopes steeper than 3:1 (H:V).


Most product are not suitable for use within
drainage channels.


Asphalt-based products should not be used
as a soil binder, but may be used as a
surface sealer on access and haul roads.


Advantages


Once dry, most products provide instant
protection.


Suitable for temporary stabilisation while
construction is in progress.


Most products also help control dust.


Disadvantages


Usually less effective than mulching in the
control of raindrop impact erosion.


The established surface crust must remain
intact to be effective.


Bitumen products can breakdown and
pollute receiving waters.


Vegetation may establish through surface
cracks causing crumbling of the surface
material.


Some products can reduce water infiltration
into the soil.


Most products are temporary in nature and
may require ongoing application. 


Usually require a minimum curing time (say
24 hours) until fully effective. 


Can experience spot failure during heavy
rainfall. Reapplication may be required after
storm events, even if only recently applied.


Susceptible to vehicular and pedestrian
traffic damage.


They may not adequately penetrate soil
surfaces consisting primarily of silt and clay,
particularly when well compacted.


Some soil binders may not perform well is
applied during periods of low humidity, or if
the soil is too dry.


During periods of wet weather, some soil
binders can become slippery and/or leach
out of the soil.


Adequate curing of the soil binder may not
occur if low temperatures occur within 24
hours of placement.


Some soil binders may not be compatible
with existing vegetation.


Limited information exists on the full water
quality and environmental impacts of some
soil binders.
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Special Requirements


Soil binder must be environmentally benign
(i.e. non-toxic to plant and animal life) and
non-combustible.  Potential impacts on
stormwater must be considered.


When selecting a product, consideration
must be given to the binder’s ability to
penetrate, likelihood of leaching, and ability
to form a surface crust. 


More than one treatment is often required,
although ongoing treatment may require a
lower application rate. 


For many products, the protective layer
must remain intact to be effective and
therefore no traffic, of any kind, is
permitted.


Specialised machinery is generally needed
for their application.


Site Inspection


Ensure no material is displaced from the
site during the application and curing
periods.


Check site logbook for duration between
application and reapplication.


Check traffic control measures (if required).


Application


Application procedures vary with product
type. Always seek manufacturer’s advice
and specifications.


1. Refer to approved plans for location,
extent, and application details.  If there
are questions or problems with the
location, extent, or method of
application contact the engineer or
responsible on-site officer for
assistance.


2. Ensure the use of a given soil binder is
approved by the State prior to its use.


3. Soil binders must be applied in
accordance with the manufacturer’s
recommendations regarding application
rates, pre-wetting of the surface, and
cleaning of equipment.


4. Ensure the treatment area is suitably
roughened prior to application of the
soil binder.


5. Only apply soil binder when the soil is
at or near the required optimal moisture
content. The soil must contain sufficient
moisture to assist the agent in
achieving uniform distribution.


6. Ensure the soil binder is applied with
sufficient time to allow drying prior to
anticipated rainfall.


7. Ensure the binder is not applied to
frozen soil, or when the temperature is
below 5 degrees Celsius.


8. Ensure soil binders are not be applied
during or immediately before
anticipated rainfall, or to areas
containing standing water.


9. Overlap spray a minimum 150mm.





