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1

Executive summary

In Canterbury, stormwater runoff from highly erodible loess soils on Port Hills construction sites is of great

concern. Accelerated construction activities following the Christchurch earthquakes have placed increased

pressure on waterways draining the Port Hills. During wet weather, significant quantities of clay and fine silt
particles enter waterways and stay in suspension, affecting downstream water quality and aquatic ecology. The

Cashmere Working Group of the Christchurch-West Melton Zone Committee commissioned this project to test the
effectiveness of erosion control treatments currently utilised during earthwork-related activities on loess soils in

the Port Hills. Findings from this study will be used to determine how effective currently utilised erosion control

treatments are in retaining sediment from construction sites where loess soils are exposed. Results from this
experiment will inform a future update of the Canterbury’s Erosion and Sediment Control Guidelines, as well as be
useful for regulators when developing construction-phase consent conditions.

The performance of erosion control treatments currently utilised in the Port Hills were tested via field-based

experiments during three weekends in February 2016, with volunteer community collaboration organised by the
Cashmere Stream Working Group of the Christchurch-West Melton Zone Committee. Five erosion control products

(all of which are locally used on construction sites) as well as untreated loess subsoil were tested, with three

randomised replicate simulations for each treatment type. Erosion control treatments consisted of topsoiling, straw
mulch, coconut fibre blanket RECP (Rolled Erosion Control Product), and two soil stabilisers – WRD-L (calcium

lignosulphonate based) and Vital Bon-Matt Stonewall (acrylic co-polymer based). These five treatment types were
compared against a control treatment consisting of bare unprotected loess subsoil. All treatments were applied

over loess subsoil sourced from a nearby construction site. Test soil was hand compacted within 2 m × 1 m soil
boxes set at an 11° slope. A programmable rainfall simulator was used to deliver 29 mm/hr rainfall intensity during

one-hour long simulations. One-litre sediment concentration samples were collected at five-minute intervals over

the one hour test duration for each replicate treatment type, and taken to the laboratory for later testing of soil loss.
All erosion control treatments significantly reduced total soil loss compared to the control, although the level of

reduction varied between products. The mean reduction in sediment yield ranged from 48%, 86%, 90%, 94%
and 95% reductions for WRD-L, topsoiling, Vital Bon-Matt Stonewall, coconut fibre blanket RECP, and straw

respectively compared to the loess control. Discharge rate (the rate at which water left the soil boxes), was used to
assess how each treatment affected infiltration. Discharge rates were variable between treatments with topsoiling,
Vital Bon-Matt Stonewall and WRD-L achieving discharge rates less than the loess control discharge rates.

These findings show that the commonly available erosion control treatments used in the Port Hills do reduce

sediment loss from exposed loess subsoil during rain events of the tested intensity and ground slope, although
WRD-L appears to perform less satisfactorily than the other tested products. However, there were a number of

additional findings to come out of this programme that have implications for construction on loess-dominated
hillside slopes:
»»

The tested erosion control products performed well when properly applied to loess subsoil. However, runoff
from loess slopes protected with erosion control treatments still resulted in sediment release and sediment

concentrations in excess of generally consented sediment concentration limits. This reinforces that fact that a
‘treatment train’ approach that includes multiple erosion control as well as sediment treatment options, (i.e.,

the use of sediment retention ponds with flocculation treatment or other sediment trapping devices) for large
earthwork and construction sites is still important.
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»»

For hydraulically applied soil stabilisers, such as the polymer-based and lignosulphonate products (Vital Bon-

Matt Stonewall and WRD-L) used here, proper application (i.e., 100% coverage) is essential to ensure proper

function. If degradation of these products does occur, reapplication is necessary to provide effective erosion
control. Provided that these products are properly applied and maintained, they provide excellent short-term
»»

protection for active and complex worksites.

Irrespective of the individual performance results for the five erosion control treatments tested in this study,
each treatment has strengths and weaknesses dependent on the application setting – i.e., straw will be more

effective on low slope angles, whereas coconut REPC mat offers more effective protection for steep slopes. The
key message being – if erosion control treatments are to be effective at reducing erosion from exposed loess
»»

»»

»»

subsoil slopes, then selecting the right protection option and installing them properly are still key steps to take.
Erosion control treatments should also be matched appropriately to on-going construction staging. Having a
specific ‘erosion control plan’ component of a larger erosion and sediment control plan is important as no one
treatment type offers an effective solution throughout a full construction cycle.

All exposed loess subsoil surfaces must have some from of erosion control applied as soon as exposure occurs.

Even small areas of exposed and untreated/unprotected soil can produce significant sediment loss. This
finding is particularly significant for small sites.

Quick and effective establishment of vegetative cover or permanent surface cover over loess subsoil is

essential. Establishment of permanent vegetative cover is the most effective method of reducing potential
erosion. To aid establishment of vegetation, the addition of topsoil over exposed loess subsoil is necessary;

and as shown in this study the topsoil itself will also contribute to reducing sediment runoff while vegetation
»»

becomes established.

When erosion control treatments tested in this study are compared to those used internationally, a broad
range of treatment types are available and their application is dependent on the longevity of the protection

required and the angle of the slope treated. In general, erosion control treatments used internationally are all
»»

available in New Zealand through local and regional suppliers.

More guidance is needed to inform construction workers disturbing loess subsoils in the Port Hills regarding
appropriate selection (and application) of erosion control products during different stages of construction.

Distinction between the need for long-term or short-term erosion control treatments also needs to be

made clear.
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2

introduction

The lower slopes of Christchurch’s Port Hills are favourable sites for urban development, but represent a
significant soil and sediment issue due to the fine loess subsoil that blankets these slopes. Construction activity

exposes loess subsoil to erosion, and due to its properties loess is not readily retained in the commonly used
construction site sediment retention devices (i.e., detention basins). The discharge of suspended sediment to
the receiving environment of Cashmere Stream (and ultimately through to the Ōpāwaho/Heathcote River and
Ihutai/Avon-Heathcote Estuary) has been documented in recent catchment studies (James & McMurtrie, 2009;

McMurtrie & James, 2013), which identified the Port Hills sub-catchment as a key source of fine loess particles
that detrimentally impact the health of the stream. In the aftermath of the Canterbury earthquakes, development
activities on the Port Hills has increased, increasing the risk of sediment release and thus exacerbating an ongoing

issue of poor water quality in the Cashmere Stream Catchment (and the greater Ōpāwaho/Heathcote Catchment)

from construction site runoff.

Historically, erosion from construction sites in the Port Hills has been well-documented (Trangmar & Cutler, 1983;

Jowett, 1995; Trangmar, 2003; Fletcher, 2007) and in recent years there has been an attempt to resolve these
issues through more locally relevant erosion and control guidelines (i.e., Environment Canterbury, 2007). However,

on-going water quality issues and confusion over the best erosion control methods to use during construction has
raised questions about the performance of currently available erosion control products. Performance of existing

erosion control products are evaluated in this study to understand which products best protect Port Hills loess
subsoil during building activities.

Due to the chemical and physical nature of Port Hills loess, runoff from excavated loess subsoil surfaces contains
high concentrations of sediment during rainfall events and prolonged wet periods. The most critical stage

for preventing erosion from construction sites is when subsoil is exposed during clearing, re-contouring and
infrastructure/dwelling construction. Applying erosion control treatments (as opposed to sediment control) to
exposed loess subsoil is a primary defence against surface runoff. Adequate installation of appropriate erosion
control significantly reduces the risk of erosion from exposed soils. A wide range of erosion control treatments

are available for short-term and long-term soil stabilisation prior to the establishment of vegetative cover or

constructed surfaces. However, despite these options, erosion and resulting poor water quality in Cashmere
Stream and its tributary waterways continues.

To better understand the effectiveness of erosion control treatments applied over loess subsoil, this study evaluated

five different erosion control products in comparison to unprotected loess subsoil as a control. The study design

looked to simulate soil conditions present on a typical Port Hills construction site. Simulated rainfall and constructed
runoff plots were used to quantify soil erosion from each erosion control option. Results were used to compare

effectiveness of each of the trialled products, and to make recommendation for future updates to Environment

Canterbury’s Erosion and Sediment Control (ESC) Guidelines specific to Port Hills soil types, as well as to provide
additional guidance for regulators during development of construction-phase stormwater consent conditions.

2.1

Banks Peninsula Loess Deposits

Loess deposits are typically homogenous to weakly stratified aeolian silts with a terrestrial origin, which
accumulate downwind of sediment source areas (Pye, 1995). Loess deposits occur throughout New Zealand, with

occurrences in the South Island being divided into three zones – Marlborough-Canterbury, Otago and Southland
– with each zone being differentiated by their source area (Raeside, 1964). Loess deposits in the Marlborough
and Canterbury region originate from the Southern Alps greywacke, which accumulated through the Late
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Pleistocene glaciation. The grinding of rock into fine particles by glacial action concentrated large amounts of
light friable material. Transport of this material from fluvio-glacial outwash fans fluctuates during glacial cycles.

In Canterbury, this unconsolidated silty material was entrained by strong westerly winds from the plains and
Waimakariri River fan, to be deposited on Bank Peninsula (Raeside, 1964; Griffiths, 1974; Tonkin et al., 1974).

Loess deposits can be considered unconsolidated rocks, with later soil-forming processes changing loess into a
loess-derived soil.

Loess is the main soil-forming parent material on lower slopes and ridges in Banks Peninsula (Figure 1). When

considering physical and chemical properties of loess deposits on Banks Peninsula, subdivision into two distinct
units, the Barrys Bay loess and Birdlings Flat loess (Griffiths, 1974). The older Barrys Bay loess has a broad

distribution in all headwaters of harbours and inlets. These older deposits often show signs of erosion. Overlying
the Barrys Bay loess is the Birdlings Flat loess, which is typically found on lower slopes of the Port Hills and north
to west facing slopes in Banks Peninsula. Preserved paleosols, or fossil topsoil horizons within both the Barrys Bay

loess and the Birdlings Flat loess demonstrates a complex paleoclimate with fluctuations in accumulation rates.

Following deposition, colluvial slope process reworked loess deposits, which is a process that continues to the
present day. The Birdlings Flat loess is of primary concern to this study, as its location commonly coincides with
residential developments on the lower slopes of the Port Hills.

Loess-derived soils of the Port Hills are predominantly made up of silt (65–80%) with minor amounts of clay
(<30%) and sand (<20%), with the bulk of soil particles in the 2–60 μm range (Jowett, 1995). Loess parent minerals

are mainly quartz (50–60%) and feldspar (20–30%) as well as minor accessory minerals (Raeside, 1964). Soil
profile development and weathering processes have modified original constituents to clay minerals. Illite and to

a lesser extent vermiculite have been identified as the primary clay mineral in South Island loess deposits (Laffan,
1973; Mackewell, 1986). Small amounts of kaolinite (5–15%) reflects a primary source from weathered volcanic
rock (Mackewell, 1986).

Trial site location

Figure 1 Map showing distribution of Birdlings Flat and Barrys Bay loess deposits in Banks Peninsula. Note how

Birdlings Flat loess is commonly located in the lower slopes of the Port Hill where residential development is
commonplace. Map source: (Griffiths, 1973).
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2.2

Soil Properties

In Banks Peninsula, soil derived from loess deposits are classified as yellow-grey earths. Variability in soil profile
development is dependent on slope position, climate, altitude and incorporations of underlying volcanic materials.

Typical characteristics of yellow-brown earths derived from loess are a seasonal moisture deficiency and a hard
compact layer in the subsoil. Of most relevance to this study is the Takahe series soils that occur from sea level to

~250 m on the lower slopes of the Port Hills. Their concurrence within proposed zones of residential development

and their propensity to erode severely means great care is required during construction. A full account of Port Hills
soil properties and classification is given in Fitzgerald (1966), Griffiths (1974) and Trangmar & Cutler (1983).

New Zealand soil horizon notation for Takahe series soils is described in Griffiths (1974) and will not be used in
this report. A simplified and more descriptive layering model offered by Hughes (1970) is used here. This model

defines soil horizons for engineering practice in the Port Hills, by dividing typical loess profiles into three different
layers: the surface layer (S-layer), the compact layer (hardpan) (C-layer), and the parent material (P-layer)

(Figure 2). For ease of understanding, the Hughes (1970) horizon naming convention is used in this report, and is
visualised in Figure 2.

Soils data in the form of published maps for the Port Hills has been completed at various scales. Soil surveys

completed by the New Zealand Soil Bureau Bulletins provide an accessible resource for understanding distribution

of soil types in the Port Hills (Fitzgerald, 1966; Griffiths, 1974). Further mapping exercises to assess limitations of
urban development and land-use in the Port Hills are also available (Raeside & Rennie, 1974; Trangmar, 1979,

1980; Trangmar & Cutler, 1983; Trangmar, 2003). Such reports commonly focus on aspects of erosion and land
capacity for urban development.

2.3

Erosion in the Port Hills

Of significance to this study is erosion from Port Hills earthworks and construction sites. However, when
considering erosion from the Port Hills spatially, another key sediment supply is from rural areas where farming,
forestry and lifestyle sections are the dominant land use types. Vegetation changes since the arrival of humans
to the Canterbury area has greatly influenced soil erosion. Large weather events periodically cause significant

damage in the form of vegetation windfall and soil erosion, which in turn contributes significant quantities of

sediment to waterways (Trangmar, 2003). Tunnel-gully, mass movement and stream bank erosion are the most

common forms of erosion in rural areas of the Port Hills. Soil creep, rock fall and sheet erosion are less significant
forms of erosion. See Trangmar (2003) for an in-depth review of erosion types, soil, and conservation measures for
the Port Hills. Outside of climatic events, legacy effects and land use factors continue to influence sediment supply
to Port Hill waterways.

2.3.1

Existing Erosion and Sediment Yield Studies

Specific soil and erosion mapping covers key areas of the Port Hills at various spatial scales (see; Trangmar 2003

and references therein). These maps highlight the aerial extent and severity of existing and potential erosion. These

maps and accompanying reports provide good guidance on the potential for erosion on proposed construction
sites and should be consulted.

Existing studies have assessed the mechanism for common forms of erosion in the Port Hills and Banks Peninsula,
including tunnel-gully (Hughes, 1970 and references therein), mass movement (Harvey, 1976) and stream bank

erosion (McTainsh, 1971). Despite these and other existing studies focusing on prevalent erosion types in the Port
Hills and Banks Peninsula, there is an apparent paucity of quantitative data for erosion from loess soils.
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S-layer

C-layer

P-layer

Figure 2 A typical cut soil profile at a development site in Takahe series soils annotated using the descriptive method

after Hughes (1970). This photo was taken at the study site location (Redmans Spur Development Site) very
close to the area soils were collected for testing.

E O S e c o l o g y | A Q U AT I C S C I E N C E & V I S U A L C O M M U N I C AT I O N

Erosion Control Treatment Trials on Port Hills Loess:
Cashmere Catchment 2016

More recent studies have investigated physical erosion processes in the Port Hills (Fletcher, 2007; Acharya, 2011;
Klaus, 2014; Waters & Webster-Brown, 2016; Schilcher, unpublished data, University of Canterbury). Many of
these studies have focused on collecting information to drive physical erosion models, such as the Watershed

Erosion Protection Project (WEPP) model (see Flanagan et al. (2012) for more information on WEPP). Calibration
of the WEPP model (Schilcher, unpublished data, University of Canterbury) and modelled outputs have been used

to predict phosphorous loss (Waters & Webster-Brown, 2016) and soil loss from steep terrain (Klaus, 2014) in
the Wairewa Catchment, Banks Peninsula. Acharya (2011) used WEPP to validate laboratory and catchment-

scale landslide studies on Port Hills loess in an experiment to quantify sediment yield from slopes affected by
slips. Fletcher (2007) used natural and simulated rainfall to compare the effectiveness of native vegetation with
compost and polyacrylamide to protect Port Hills loess from surface erosion, with mixed results.

Sediment yield data for Port Hills catchments is also limited. Hicks (1993) and Acharya (2011) provide the only

published sediment yield data for the Port Hills tributaries to the Ōpāwaho/Heathcote River. All studies and

reviews (Burge, 2007; Hayward et al., 2009) recommend the collection of further quantitative sediment yield data.

2.3.2

Why does Port Hills Loess Erode so Severely?

Loess subsoil of Canterbury’s Banks Peninsula and Port Hills are affected by a process called dispersion, which

occurs in soils that are particularly vulnerable to erosion by water. The chemical and physical properties of

dispersive soils allow them to easily be broken down and washed away. Once these soil particles are in suspension,
acting chemical forces prevent settling, which ultimately leads to water quality problems.

When protective surface soil (S-layer; cf. Figure 2) is removed by erosive process or site development, highly
erodible loess subsoil is exposed to erosive processes. Loess subsoil also has physical characteristics that

exacerbate erosion. Below the compact C-layer (cf. Figure 2), the parent P-layer (cf. Figure 2) material has low

cohesion and is dominated by silt and fine sand sized particles. This subsoil tends to be internally homogenous
with low permeability, resulting in high runoff coefficients (low infiltration rates).

S-layer
C-layer

P-layer

Figure 3 Severely eroding loess at an abandoned construction site, Gerkins Road, Port Hills, demonstrate the highly

erodible nature of loess subsoil. Sheet wash at the top of the slope rapidly transitions to rilling on the lower
half. Note how erosion affects the P-layer more severly
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Banks Peninsula loess subsoil is also highly prone to dispersion, a process whereby soils rapidly dissolves when

submerged in water. Dispersion and low infiltration rates are key physical characteristics of loess subsoil that
contribute to potential erosion by increasing down-slope waterpower. Such processes gives rise to rilling, gully,
and tunnel gully erosion often seen on unprotected loess subsoils (Figure 3).

Dispersive soils, such as Banks Peninsula loess, rapidly dissolve in water creating a cloudy suspension of fine clay
and silt particles (Figure 4). Dispersive soils contain a higher percentage of sodium relative to other exchangeable

cations (calcium, sodium, potassium, magnesium) and are termed sodic soil. Sodicity and soil dispersion are
often positively correlated, meaning a soil containing excessive sodium will often be dispersive. When exposed to

water, sodic soil aggregates disperse by a process know as deflocculation (a technical term for dispersion). This
chemical process occurs because of excessive sodium (Na+) cations occupying exchange sites of clay particles.
Sodium cations have a relatively weak attractive force compared with potassium, magnesium or calcium cations
that usually occupy exchange sites on clays. These weak attractive forces allow loess particles to disperse in water
and remain suspended.

To quantify the potential dispersive effect of sodium in soil and understand why Banks Peninsula loess subsoils are
highly erodible an equation called the Exchangeable Sodium Percentage (ESP) can be used to make comparison,
(Equation 1 and Table 1). ESP uses cation values commonly measured in standard soil fertility tests to calculate

a relative proportion of sodium. As soil fertility test results are relatively common, ESP can be a useful tool for

erosion susceptibility assessment. For example, Jowett (1995) used ESP to demonstrate the erodibility of the
C-layer soil layer in Ahuriri and Gebbies Pass in the Port Hills (which he found to be 31.2% and 29.7%, respectively;
Table 1

Exchangeable Sodium Percentage ESP categorisation (after www.terragis.bees.unsw.edu.au) can be
used to quantify what effect sodium in soil will have on dispersion. Dispersive characteristics can be
compared to the images in Figure 4 for reference. ESP results produced by Jowett (1995) place Port
Hills loess subsoil in the ‘very strongly sodic’ ESP classification that is typically associated with severe
dispersive characteristic and typified by tunnel gully erosion at the sampling locations.

ESP
Classification

Non-sodic

Sodic

Moderately
sodic

Strongly sodic

Very strongly
sodic

ESP

<6

6–10

10–15

15–25

>25

Dispersive
characteristics
(Figure 4)

Nil

Slight

Slight to
moderate

Moderate to
severe

Severe

Source: www.fertsmart.dairyingfortomorrow.com.au

Figure 4 By submerging a piece of soil in water, visual observation of soil dispersion can be made. In this example,

petri dishes containing soils with increasing dispersion from left to right are shown. This procedure is
commonly known as a ‘slake test’ and is a quick and easy way to assess soil dispersion. Port Hills loess
subsoil demonstrates severe dispersion when submerged in water.
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see Jowett (1995), Figure 4.7). Jowett (1995) also notes that the Ahuriri and Gebbies Pass sites from which ESP
calculations were derived, are very susceptible to tunnel gully erosion. This suggests sodium content of loess
subsoil significantly increases subsoil erosion susceptibility in the Port Hills.
Equation 1:

Exchangeable Sodium Percentage (ESP) = Exchangeable Na ((Na/Ca + Mg + K +Na) × 100)

A very simple field test to determine if dispersive soils are present on a work site is called a slake test. This involves
placing a small piece of soil in a vessel of water and observing for dispersive characteristics such as rapidly

dissolving soil and plumes of turbid water surrounding the tested soil (Figure 4). If soil is determined to have
dispersive characteristics extra care will be needed during earthworks and construction phases. Hardie (2009)
provides good guidance on dispersive soils and their management.

3

Methods

3.1

Experimental Design

The scope of this study was to test the performance of readily available erosion control products to protect loess
subsoil during construction. Therefore focus was placed on treatments that could be used to provide short-term

protection during the construction phase prior to long-term erosion control treatments and the establishment
of vegetation. During construction, exposure of loess subsoil occurs during clearing and grading of the site. Cut/
fill and re-contouring of existing surfaces regularly disturbs the site natural soil profile, exposing loess subsoils

and leaving them susceptible to erosion. Periods of exposure occur throughout the entire development phase,
gradually decreasing as the development site becomes stabilised by vegetation establishment, surface sealing and
installation of storm-water infrastructure.

When considering which erosion control treatments for short-term site stabilisation would be relevant to trial,
treatments were selected using the following criteria:
»»

Commercially available and listed within Canterbury’s ESC Guidelines (Environment Canterbury, 2007).

»»

Suitable for coverage on a range of slope angles.

»»
»»

Easy and rapid application.

Lesser-used or innovative products that may be particularly beneficial for reducing erosion from loess subsoil.

Treatments selected included topsoiling, straw mulching, coconut fibre rolled erosion control product (RECP),
and two hydraulically applied soil stabilisers – WRD-L and Vital Bon-Matt Stonewall. All of these treatments are

currently used in the Port Hills area to some degree as erosion control measures during development. To effectively
test the capacity of these erosion control treatments to protect loess subsoils on Port Hills construction sites, test
results were compared to an untreated loess subsoil control.

Due to a very dry El Niño summer, a rainfall simulator was used to test soil treatments in a controlled runoff plot

setting. Runoff plot boxes were filled with hand packed soil to simulate disturbed soil surfaces commonly found
on construction sites.

Community volunteers helped with the implementation of the field experiments. Under the direction of the author,

volunteers helped to set-up the experiment, collect samples and take associated notes throughout the experiment.
In excess of 180 hours of volunteer time was utilised to complete this experiment.
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3.2

Test Site Location

The location for the field experiment was within the Redmund Spur Development site in the Port Hills of

Christchurch City, south-west of Westmoreland (Figure 5, Figure 6). The landscape is made of rounded toe slopes
of a prominent spur with underling basalt covered by loess soils. Slopes range from 10°–20° and are covered by
improved pasture dominated by Brown Top grass (Agrostis capillaris). Test sites’ slopes had a natural hummocky
morphology that ranged between 5°–15°.

Site selection was constrained by having to work amongst/adjacent to an active construction site, and thus was
located in an area of future development. The field experiments were run over three weekends in February 2016.

Trial site location
Redmund Spur
Development

Figure 6 Satellite imagery showing the development site on 17 February 2016 (Google Earth, 2016). The location of the

field experiment site is also indicated. The lower image shows the distribution of equipment at the test site.
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3.3

Test Soils

The study was conducted on constructed field plots filled with a mix of C-layer and P-layer horizon subsoil (‘test
soil’) excavated from a depth of 40–100 cm from the adjacent construction site. Test soil had a single origin (NZTM

E1566787 N5173436) and was piled and covered until used in the experiments (Figure 6). Hard fragments of
C-Layer origin gave stockpile test soil a heterogeneous texture, meaning that screening of soil was required to
remove large fragments. Post screening maximum particle size was approximately 5 mm (Figure 7).

The test soils are mapped as Takahe series soils (Griffith, 1974). Screened soil had a loamy sand to sandy texture,

and contained sparse reddish-brown mottles and iron-magnesium concretions. Small fragments of basalt within
test soils indicate colluvial processes have reworked the original loess stratigraphy. The presence of healed tunnel

gullies and surface slips at the area of the field experiment and test soil source indicates recent erosion processes
have affected the slope.

No soil samples were sent for analysis of chemical and physical properties. For typical loess chemical and physical
properties see Jowett (1995) and references therein.

Figure 7 Screened soil (mapped as ‘Takahe series soils’) used in the field experiments undertaken in February 2016.

The soil was screened to remove larger fragments prior to use in the test plots.
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3.4

Test Apparatus & Sample Collection

Six soil plots sites were constructed by excavating a 0.3 m × 1 m × 2 m slice of clod and surface soil. Constructed

soil boxes (Figure 8) were seated within the excavated sites to sit close to the original surface profile and set to an
average angle of 11 degrees (approximately a 5:1 horizontal to vertical grade). Soil boxes were constructed to have

an internal dimension of 0.1 m × 1 m × 2 m, giving a test surface area of 2 m2. Drainage holes were drilled in the

lower quarter of soil boxes to allow excess water to move through test soil (note that during simulations no water

was observed moving through these holes). This large soil box size is larger than what has been used in other
similar field trials, but was selected to provide a graphic demonstration of soil erosion to volunteers contributing

to the experiment. Soil boxes were filled with test soil, compacted and levelled (Figure 8). To aid the compaction

process, test soils were moistened using tap water. Further surface preparation was completed using a wooden
level and brush. Test soil compaction, thickness, roughness and moisture content varied slightly between each of

the 18 plot sites constructed and tested. Thus erosion control treatments tested were randomly assigned to each
plot to better account for such variation.

Three basic soil cores were collected from soil plots to estimate soil density. After drying soils thoroughly, an

average test plot density was calculated at 1,738 kg/m3. This result is similar to dry density results from loess soils

studied by Jowett (1995), which ranged from 1550–1830 kg/m3.

A Norton-Style Multiple-Intensity Rainfall Simulator with a two head configuration from the University of
Canterbury was used to simulate natural rainfall (Figure 9, Figure 10). This machine was developed by USDA

soil scientists at West Lafayette, Indiana, USA to simulate the process and characteristics of natural rainfall. These

include rainfall intensity, raindrop size and distribution, terminal velocity, rainfall energy, spatial distribution of

raindrops and validity rainfall area. The system operates using a submersible pump that delivers water at 41 N/

m2 (6 pounds per square inch (psi)) to two oscillating spray nozzles (VeeJet 80100) with an exit velocity from the

nozzle of 8.8 m/s. Drops produced 1.8 m above the plot surface will impact close to their terminal velocities. The
two head unit used in this study delivered rainfall to a 1.5 m wide by 2 m long area.

The rainfall simulator control box allowed for variable rate rainfall application. For the entirety of this study, setting

‘2’ and ‘single sweep’ was used. Calibration tests during simulations gave an average rainfall rate of 29 mm/hr,
approximately equivalent to a 50–60 year annual recurrence interval for the trial site (NIWA High Intensity Rainfall

Design System (HIRDS) hirds.niwa.co.nz). In general conditions on site were amenable to the use of the rainfall
simulator. On a few occasions there was a very light breeze which may have affected the fall of the rain from the
simulator, and thus wind breaks were installed around the simulator as needed to control this.

To collect runoff from soil boxes, PVC flumes were fitted. Flumes channelled runoff to a collection area where

sampling took place (Figure 8, Figure 9). Water samples were collected from each plot at five minute intervals
following the initiation of runoff. The time taken to fill each one-litre sample bottle was recorded to establish

runoff rates. In total 208 samples were collected, with either 11 or 12 samples collected during each simulation,
dependent on when runoff initiated.

On return to the EOS Ecology laboratory, the collected samples were treated with a flocculent (AquaSplit, a LAS

Marine product) to separate suspended sediment particles from water. Superfluous water was then decanted
and samples dried in an oven at 90°C. Dried soil was reweighed to determine sediment concentration as grams

per litre (g/L). One set of samples contained very low soil concentrations (RST03), so was able to be sent to Hill
Laboratories for suspended sediment concentration (SSC) analysis (12 samples).
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A constructed soil box prior to addition of soil.

Compacting soil into the soil box.
Figure 8 Photographs showing the process undertaken to install and test soil erosion control products under

simulated rainfall for a range of erosion control products.
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Collecting water at timed intervals during the one-hour test.

Rainfall simulator with wind break to protect the rainfall from a light breeze.
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Rainfall simulator

Jet

Water reservoir

Submersible pump
Control box

Plot box

Splash shield

Figure 9 Runoff plot and rainfall simulator setup for field experiments undertaken in February 2016.
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Plots under construction

Collection area
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The sediment concentration for each sample was then used to calculate how much soil was lost during each
simulation. The time recorded to fill each one-litre sample bottle (or discharge rate) was then combined with
sediment concentration values to calculate the rate of soil loss during the simulation. This information allows
powerful deduction about erosion rates and behaviours throughout the one hour simulations.

3.5

Treatment Application

Each plot was treated with one of five erosion control treatments or left as an untreated loess control. The five
erosion control treatments were topsoil, straw mulch, coconut fibre RECP (Rolled Erosion Control Product)

mat, and two hydraulically applied soil stabilisers – WRD-L (calcium lignosulphonate based) and Vital Bon-Matt
Stonewall (acrylic co-polymer based) (Figure 10). The following describes these erosion control products.
»»

Topsoil: Was comprised of S-layer material collected from the test site. Topsoil is usually applied over loess on

a construction site prior to grass seeding and eventual stabilisation. It is therefore important to understand the
»»

difference in erosion rate between topsoil and loess subsoil.

Straw mulch: Spreading straw across an exposed soil surface is a commonly used method to reduce erosion.
Straw breaks the impact of raindrops and impedes water flow across the soil surface. Straw is typically used as

a short-term (i.e., less than one month) erosion control treatment on gentle slopes during the establishment
»»

of grass cover.

Coconut fibre RECP mat: RECPs typically come as large roles of biodegradable material that are rolled

out over exposed soils. Coconut RECP mat is made from reinforced coconut fibre and is commonly used

as long-term (i.e., three to six months) erosion control treatments on moderate to steep slopes prior to the
»»

establishment of vegetation.

WRD-L: This product is a hydraulically applied soil stabiliser; it comes as a concentrate that is suitably diluted

and applied to exposed soils. Lignosulphonate-based products are more typically used as a dust suppressant,
however the supplier was keen to trial WRD-L under heavy rainfall conditions. This product provides shortterm erosion control and is particularly useful to reduce erosion from complex surfaces during on-going bulk
»»

earthwork phases.

Vital Bon-Matt Stonewall: This product is also a hydraulically applied soil stabiliser that comes as a

concentrated emulsion before dilution with water. The proprietary co-polymer technology is specifically

designed to protect against erosion from exposed soil surfaces. It contains a green dye for application purposes,
and provides short-term protection. Again, this product has great physical attributes when erosion control is

needed on steep and complex sites during and after bulk earthworks and the establishment of permanent soil
stabilising measures.

Three identical simulations were completed for each treatment and control, giving 18 individual one hour-long

simulations. Following each test, soil was removed from soil boxes and discarded. New soil and treatment was
applied for the proceeding test.

Product suppliers ALS Marine LTD and Vital Chemicals LTD completed application of WRD-L and Vital Bon-Matt

Stonewall treatments respectively. Application strength and method of these two products was at the discretion of
the supplier. EOS Ecology staff applied all other treatments.
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Topsoil (TOP01–03)

Straw mulch (STR01–03)

Coconut RECP mat (MAT01–03)

WRD-L (WRD01–03)

Vital Bon-Matt Stonewall (VIT01-03)

Bare loess – Control (LOE01–03)

Figure 10 Photographs of the five different soil erosion treatments and the control (no treatment). Text in parenthesis

refers to the test plot codes for each treatment.
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3.6

Data Analysis

Raw data was processed using SigmaPlot curve fitting software. No attempt was made to statistically analyse
results as the main aim was to test the relative effectiveness of erosion control treatments not variability between
tests. There was also inadequate repetition to warrant a rigorous statistical analysis of data.

4

RESULTS

The following section summarises results from the six tested plot types, with the following information provided
for each product test:
»»

»»
»»
»»

Treatment Description: Description of the plot treatment applied, including information from the

manufacturer. Three tests were undertaken for each treatment, with the test run for each treatment defined
with a number from 01 (being the first test) to 03 (being the third test).

Plot Preparation: Description of any methods used to apply or fix the treatment to the runoff plot prior to
rainfall simulations.

Plot Observations: During each simulation observations of treatment performance and erosion process were
noted. These help with the interpretation of the data.

Sediment Concentrations: This is the amount of sediment contained within each one litre sample container

collected at five minute intervals during each one hour simulation. The units for this measure are grams per
litre (g/L). Along with the time (T or min.) taken to fill each bottle, sediment concentrates are a fundamental
metric for comparing results.

C=g/L
»»

Where: sediment concentration = C, total weight of dry sediment = g, amount of water in the sample bottle = L
Discharge Rate: This is the rate at which water exits the test plot. This information is used to compare
the runoff characteristics during simulations. Discharge rates relate to infiltration and water retention by

the test soils and applied treatment. Discharge rate is measured in millilitres per minute (mL/Min) and
is derived from time taken to fill each one litre water sample, that were collected at five minute intervals.
Q = mL/Min

Where: discharge rate = Q, amount of water in the sample bottle = mL, time to fill sample container in
»»

minutes = Min

Soil Detachment Rate: This information provides a rate at which soil is eroded (i.e., detached) over

the simulation and thus gives a comparative measure of the erosion rate under each treatment type.
Changes in slope in the soil detachment graphs indicate if erosion is accelerating or decelerating as the
simulation progresses. It helps us to understand if the treatment is maintaining integrity or degrading

over the experiment’s duration. The measure is based on the amount (i.e., grams) of sediment lost per
square meter of plot per second (i.e., g/m2/s). Sediment concentrations (i.e., grams per litre or g/L) from

each one litre sample is used in combination with discharge rates to calculate the soil detachment rate.
Di = g / m2 / s

Where: Soil detachment rate = Di, area of measure = m2, time of unit in seconds= s
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In section 4.7 the effectiveness of each treatment is compared using two further metrics:

Average Discharge Rate: In order to effectively compare the discharge rate of each treatment type, SigmaPlot

»»

curve fitting software was used to define an average discharge rate for each of the three replicate simulations

for each treatment type. This was done to remove any environmental noise in individual results so discharge
rates for each treatment types could be effectively compared.

Average Cumulative Sediment Yield: Cumulative sediment yields are calculated by the cumulative sum

»»

of the soil detachment rate (Di or g/m2/s) per each one second interval (s or time in seconds) after runoff
(i.e., the sum of the soil detachment rates for each of the 3600 seconds (60 minutes) of simulation).

To effectively compare the total soil loss between each treatment type, SigmaPlot curve fitting software was

used to define a curve of best fit for cumulative sediment yield (g/m2) for each of the three simulations for each
treatment type, resulting in an average sediment yield.

Scum = Σ (Di × s)n

4.1

Where: Cumulative sediment yield = Scum, soil detachment rate = Di and time = s

4.1.1

Bare Loess – Control

Treatment Description

To establish erosion characteristics of unprotected loess subsoil, three control plot simulations were completed.
Loess subsoil in control plots was prepared using an identical process to all other plots. Runoff information

collected from loess subsoil control plots provided baseline data from which all other treatments were compared.

4.1.2

Plot Preparation

No additional techniques were used to prepare loess control plots. Loess control simulations were given the
prefix LOE.

4.1.3

Plot Observations

Runoff from loess control plots contained very high sediment concentrations (on average 151.5 g/L) and typified

erosion processes on unprotected Port Hills worksites. However, small differences in plot surface, slope and
during-test environmental factors were evident during rainfall simulations. In all three simulations, strong sheet
wash was observed as an initial erosion process (Figure 11). As the simulation progressed, the lower half of the

LOE02 simulation with sheet and weak
channelised flow.

LOE03 simulation, showing the early stages of
rill formation and deposition of loess in the lower
portion of the plot.

Figure 11 Bare loess – control simulations demonstrating typical sheet flow and rilling.
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plots became populated by small (5 mm) anastomosing channels. In one of the simulations (LOE01) rilling was
weakly formed (Figure 11). Riling occurs when small anastomosing channels begin to concentrate and erode in to
the underlying soil. In this simulation, shallow localisation of channelled flow created shallow (>5 mm by 300 mm
long) rills where the soil surface was slightly convex in the lower portion of the plot.

Deposition within the test plot was observed in all three loess simulations; with fine sand-sized particles typically
setting out as a fan in the lower portion of the soil box (Figure 11). In the first simulation (LOE01) this depositional

process was strong and affected test outcomes, as soil detachment rates for LOE01 were significantly less than for
the other two simulations, as discussed in Section 4.1.5.

4.1.4

Discharge Rate

Runoff from the loess plots occurred rapidly following commencement of the rainfall simulation, reaching an

average of 800–900 mL/min within the first five minutes of the simulations. Following this initial rapid increase,
runoff rates then stabilised, with only a gradual increasing trend for the remainder of the hour-long simulation

(Figure 12). These discharge rates indicate low infiltration as a result of surface soils becoming saturated, with
subsequent sealing and crust formations reducing the infiltration of water and thus increasing superficial runoff.

Post simulation examination of the plot soil profiles showed a thin saturated layer overlying slightly damp soil.

This observation confirms infiltration rates were low during simulations and that loess soils are affected by surface
sealing during rainfall events.

4.1.5

Soil Detachment Rate

The soil detachment rate (i.e., the amount of sediment lost from within a set area and set time) was quite variable

between the three simulations (Figure 13). As described in Section 4.1.3, this variability was likely the result of

subtle changes in plot profile that resulted in released soil being deposited in the bottom of one of the test plots
(LOE01) rather than being discharged from the plot. However, the sediment detachment rate was reasonably

consistent for the latter two simulations (LOE02 and LOE03), and these two simulations therefore better reflect
sediment loss from untreated exposed loess subsoils.

Looking at the latter two simulations (LOE02 and LOE03), sediment release from the plots was high, reaching

a peak of 1.52 and 1.73 g/m2/s for LOE02 and LOE03, respectively. For LOE02 this peak occurred towards the
end of the simulation whereas for LOE03 it occurred in the middle of the simulation (Figure 13). In general, soil
detachment rates increased rapidly at the start of the rainfall simulation, with the rate then remaining relatively

constant for the rest of the hour-long simulation, with either a slight upward or downward trend. It was interesting
to note that both simulations ended with the same final soil detachment rate.

4.2

Topsoil

4.2.1

Treatment Description

Although not a recommended treatment to prevent erosion, topsoiling is common practise when preparing

loess slopes for eventual stabilisation by vegetative cover. Therefore, it is important in the context of this Port

Hill’s assessment to gain an understanding of runoff and soil loss from topsoil. Topsoil is typically stockpiled on
earthworks and construction sites for later reapplication over contoured surfaces. The recommended topsoil
cover is 100 mm over loess subsoil. Topsoiled slopes will typically take up to three months before stabilisation by
80% vegetation is achieved.
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LOE02
LOE03
LOE01

Figure 12 Discharge rate (millilitres per minute) during the three bare loess (control) simulations (LOE01–03).

LOE02
LOE03

LOE01

Figure 13 Soil detachment rates (g/m2/s) for the three bare loess (control) simulations (LOE01–03). Note the large

difference in detachment rate between LOE01 and the other two simulations. This was likely due to a slight
convex shape in the plot profile for LOE01, which resulted in released sediment re-depositing in the bottom
portion of the plot rather than being washed off the plot.
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4.2.2

Plot Preparation

Topsoil used in simulations was collected from the top 200 mm of soil profile (A-soil horizon) from the simulation
site. Large grass clods and other organic matter were removed and soil packed into soil boxes using a handcompactor. Soil compaction method was identical to the loess plots.

Topsoil tested contained fine root fragments and retained a weakly developed nut structure post preparation.
Topsoil simulations were given the prefix TOP.

4.2.3

Plot Observations

Observed topsoil plot surface characteristics were fairly consistent during the three simulations. Rain droplets

rapidly broke down soil aggregates, and sheet wash developed and persisted over the plots for the full simulation
(Figure 14). Small anastomosing channels developed as surface soil moved towards a homogenous texture.

Over the course of the simulations, soil surface colour changed from dark greyish brown to a patterned light grey
brown – a change likely attributed to residual sand particles remaining on the soil surface as the finer component
was removed.

Initial suspended sediment samples collected were very dark brown in colour and gradually became lighter as
the experiment continued. This likely reflects the dissolved organic matter in the runoff in the earlier part of the
simulations.

4.2.4

Discharge Rate

Runoff rate in topsoil tests appeared to be closely associated with remanent soil structure and density of runoff
plot soil. In the first two simulations (TOP01 and TOP02), initial runoff occurred soon after rainfall application

(Figure 15). Rapid runoff likely reflects the formation of a surface seal due to raindrop impact and soil dispersion.
Conversely, runoff from TOP03 was gradual. This likely reflects a higher infiltration rate for this plot resulting from
lower compaction.

4.2.5

Soil Detachment Rate

Initial detachment rates from topsoil plots were variable, as seen in Figure 16. Note that this variability is reflected

in the discharge rates in Figure 15, with high discharge rates equating to higher soil detachment. Soil detachment

Figure 14 Topsoil surface during the second simulation (TOP02).

E O S e c o l o g y | A Q U AT I C S C I E N C E & V I S U A L C O M M U N I C AT I O N

Erosion Control Treatment Trials on Port Hills Loess:
Cashmere Catchment 2016

TOP02
TOP01

TOP03

Figure 15 Discharge rate (millilitres per minute) during the three topsoil simulations (TOP01–03). The anomalous

discharge rate for simulation TOP03 may be the result of a higher infiltration rate for this plot.

TOP02

TOP03
TOP01

Figure 16 Soil detachment rates (g/m2/s) for the three topsoil simulations (TOP01–03). All three simulations move

towards a consistent detachment rate over the course of the simulation. Variation in soil detachment rate
over the first half of the experiment likely reflects infiltration rates as seen in Figure 16.
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rates generally show a decreasing trend through the first two simulations (TOP01 and TOP02). Conversely, TOP03

showed an increasing soil loss trend, but similar final detachment rate. This mirrors the plot observations whereby

sediment supply is reduced as fine sand builds up on the plot surface, armouring the soil below from further

dispersion. This process in effect stabilises this topsoil against further sheet wash erosion. Toward the end of all
three simulations, soil detachment rates stabilised between 0.1 and 0.2 g/m2/s. Plotted detachment rates shown in

Figure 16 shows erosion from topsoil plots is significantly less than loess soil. The slightly higher detachment rate

produced by TOP02 may be due to more compaction during plot preparation causing a smoother more erodible
surface.

4.3

Coconut RECP Mat

4.3.1

Treatment Description

This undisclosed generic coconut RECP matting was purchased from the local hardware store. Its construction

consisted of a coconut fibre core held in place by a fibrous mesh. This product had a 350 g/m2 weight and is 100%

biodegradable. In general this product provided even soil coverage, but in places the coconut fibre core was thin,
exposing plot soil below.

4.3.2

Plot Preparation

Coconut RECP mat was applied over the top of three randomly selected loess plots (Figure 17). The coconut RECP
mat was cut to size and covered the entire plot surface (2 m2). Small pins formed from galvanised wire were used

to hold the Coconut RECP in position duration the simulation. Care was taken to ensure the entire soil surface was
covered. Coconut RECP mat simulations were given the prefix MAT.

Figure 17 A close-up of the coconut REPC mat during one of the simulations. The fibrous mesh backing can be seen as

a grid running across the fabric. Note how this treatment provides close to 100% coverage over the test soil
although some parts of the mat were thinner than others.
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4.3.3

Plot Observations

Due to the coconut RECP mat covering the entire plot surface, it was difficult to observe erosion processes during
simulations. Once the coconut RECP mat became saturated, runoff formed small eddies and pools within the

structure of the material (Figure 17). The pools created significantly lowered discharge velocity, causing deposition
of larger sand-sized particles. Fine sediment (silt and clay) remained suspended within the runoff, and water flow
pathways were directed down the plot by the grain of the fabric.

Plot observations were best made after the simulation was complete. Upon removal of the coconut RECP mat, the

erosion reduction mechanism of the material was evident. Areas where sand was deposited with in the fabric’s
structure provided additional protection to soil below. Erosion patterns below the fabric reflected its mesh

structure, forming symmetric grid pattern where raindrops contacted with exposed soil. In the lower section of
plot, the coconut RECP mat became embedded in soil as eroded particles were deposited in its matting.

4.3.4

Discharge Rate

Runoff from the coconut RECP mat simulations initiated more slowly due to the mat having to be completely
saturated before runoff would commence. In general it was approximately 15 minutes into simulations before

a steady discharge rate was achieved (Figure 18). This slow onset of runoff is reflected in gradual building in

discharge rate seen in Figure 18. After 25 minutes of simulation, discharge rates stabilised between 920 and 1050
mL/Min. This discharge rate is close to or above the application rate of 966 mL/Min, indicating low infiltration

under this treatment. On removal of the matting some areas of soil remained completely dry, whilst others were

saturated. Discharge rates were higher than rainfall application rate towards the end of the simulations, indicating
a lag effect was present, and runoff increase once the coconut RECP matting became saturated.

4.3.5

Soil Detachment Rate

The coconut RECP mat produced the most consistent and repeatable soil detachment rate of all products tested. All
three simulations produced consistent, stable sediment detachment rates over the length of the simulation (Figure

19). One large anomalous spike was recorded in MAT02, although the reason for this sudden spike is unknown.
All three simulations (MAT01–03) had soil detachment rates close to 0.06 g/m2/s. Suspended sediment discharge
from test plots contained a consistent fine particle range, with low quantities of sand size particles.

4.4

Straw Mulch

4.4.1

Treatment Description

Being one form of soil surface mulching, straw is a classic, often-used form of soil protection. The addition of
straw is usually combined with grass seed, and provides improved germination conditions during vegetation
establishment. Wheat straw used in this test was sourced from a Lincoln farm and removed from a straw bale with
no additional preparation.

4.4.2

Plot Preparation

Straw was spread evenly over the plot surface at an application rate of 4,000 kilograms per hectare. This application

rate was used under the guidance of the Environment Canterbury Erosion and Sediment Control Guidelines
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MAT01
MAT03
MAT02

Figure 18 Discharge rate (millilitres per minute) for the three coconut REPC mat simulations (MAT01–03). Discharge

rates for the coconut REPC were the most constant of all treatments tested. They were also some of the
highest.

MAT02
MAT03
MAT01

Figure 19 Soil detachment rates (g/m2/s) for the three coconut RECP mat simulations (MAT01–03). The origin of the

anomalous spike in MAT02 results is from an unknown origin.
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(Environment Canterbury, 2007). This quantity covered a great proportion of the plot surface (~80–90%),
however this application rate did allow for some soil surface exposure (Figure 20). Straw mulch simulations were
given the prefix STR.

4.4.3

Plot Observations

Surface observations during the simulations for straw plots were similar to that of the coconut RECP mats. Initial
runoff was slow to initiate due to the lag time to saturate the straw prior to water movement. As runoff progressed,
individual straw tubes formed small ‘dams’ behind which sediment, particularly sand size particles, accumulated.

As straw became saturated, more fibre made contact with the plot surface, aiding sediment retention. This process
creates a lattice through which runoff velocity is decreased and sediment trapped.

Post simulation, straw fibres were found to be incorporated into the test soil, practically in the lower portion of
the plot. Soil at the top of the plot was damp after simulation, whilst soil nearer the base was saturated, indicating
straw promoted infiltration variably.

Initial runoff from straw contained a high dissolved organic component, giving runoff a deep yellow coloration.

4.4.4

Discharge Rate

Runoff took four to six minutes to initiate in all three simulations owing to the time taken to saturate the straw.

A steady state discharge rate occurred after 20 minutes of rainfall application, and remained constant thereafter.

Discharge rate was similar for all three simulations (Figure 21), stabilising around 900 to 1050 mL/Min. This rate
was on average slightly above the rainfall application rate of 966 mL/min, indicating that once saturated, runoff

from straw has a lag type effect. Observation of saturated soil in the lower section of plots post simulation indicates

that this delay in runoff is likely linked to increased infiltration, to the point of soil saturation. This occurs due to the
pooling effect formed by the straw’s strong surface contact with test soils.

4.4.5

Sediment Detachment Rate

Resulting soil detachment rates varied between each of the three simulations (Figure 22), although it is unclear
why this variation occurred. Possible factors could include variation in plot conditions as well as differences
in straw properties such as density, size and on-plot orientation. Soil detachment rates did however follow a

Figure 20 One of the straw mulch plots covered by 4,000 kg/Ha of straw. Note this achieves around 90% coverage

over this test plot (STR01).
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STR02
STR01
STR03

Figure 21 Discharge rate (millilitres per minute) for the three straw mulch simulations (STR01–03) simulations.

Discharge rates increase to a stable rate at around 20 minutes for all three simulations. On average,
discharge rates measured were slightly above the application rate of 966 mL/min.

STR01
STR02

STR03

Figure 22 Soil detachment rates (g/m2/s) for the three straw mulch simulations (STR01–03). Despite consistent

discharge rates for straw, soil detachment rates were variable. This may indicate other variables play
a significant role in the effectiveness of straw to reduce erosion. These soil detachment rates were
however some of the lowest measured, indicating small variation between simulations may have a
statistically large effect.
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consistent trend, showing an initial increase in suspended sediment followed by a decrease with time (particularly

for the first two simulations, STR01 and STR02). This trend indicates the longer the test ran, the less erosion
occurred. This is reflected in the empirical observations that saturated straw fibres formed strong contact with

the soil surface during simulation, trapping entrained sediment. Final soil detachment rates were between 0.02
and 0.06 g/m2/s.

4.5

Vital Bon-Matt Stonewall

4.5.1

Treatment Description

Vital Chemical Pty Ltd supplied Vital Bon-Matt Stonewall, a copolymer-based dust and erosion suppressant. The

active constituent of this treatment is acrylate copolymers. Acrylate polymers have structure and properties

similar to those used in paints. Copolymers are long chains of mixed polymer species. They are known for their
transparency, resistance to breakage and elasticity (Wallace & Terry, 1998). Bon-Matt Stonewall is supplied as
a concentrated emulsion and watered down at the supplier’s recommendation. A green dye is used to highlight
where the product has been applied (Figure 23). Once applied, the product dries to produce an insoluble layer.

4.5.2

Plot Preparation

Soil plots were pre-wetted with one litre of water, followed by two litres of 10% Vital Bon-Matt Stonewall. The
product supplier completed treatment preparation and application. Application was performed using a watering

can initially (VIT01 and VIT02) and later using a watering can and spray bottle (VIT03). Applied product was
allowed to dry for a period greater than 24 hours.

During the drying process a sheet of plastic disturbed the wet surface of VIT03, creating numerous small holes in
the application. The Supplier was allowed to reapply a small amount (approximately 200 mL of 10% Vital BonMatt Stonewall solution) using a spray bottle to patch holes prior to rainfall simulation (Figure 23). Vital Bon-Matt
Stonewall simulations were given the prefix VIT.

4.5.3

Plot Observations

Following product application, drying of soil introduced numerous fine spidery cracks less than 1 mm in width

and spaced 200–300 mm around common points in a desiccation-like pattern. Soon after rainfall simulation
began, cracks sealed and were no longer evident through the experiment. Product coverage was not 100% in the
first two simulations (VIT01 and VIT02), whereas the third plot, VIT03 obtained near 100% coverage. Improved
application method and use of a spray bottle appear to be a key factor in the coverage improvement.

During rainfall simulation, coverage appeared to be a defining factor in treatment performance. In all situations

rapid runoff containing low suspended sediment was initially produced. Where 100% coverage was not achieved

(VIT01 and VIT02), raindrop impact gradually increased the size of small soil surface exposures. Soil dispersion
and sheet flow exacerbated this point erosion, resulting in a visible increase in suspended sediment content in the
runoff. Where 100% coverage was achieved (VIT03), runoff remained clear throughout the simulation.

Post simulation, pieces of soil covered with Vital Bon-Matt Stonewall were removed for examination (Figure 24).

A fine surface coating (0.1–0.5 mm) was evident, below which green pigmentation demonstrated the product
penetrated up to 15 mm into the test soil.
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Figure 23 Close up of the Vital Bon-Matt Stonewall surface during the first rainfall simulation (VIT01). Application to

the plot surface was challenging because the treatment would run off as applied. Treatment that did run off
was recaptured at the base of the plot and reapplied until all two litres of the solution has soaked into the
test soil. For VIT03 the application method was improved with the use of a spray bottle, where an additional
200 ml was applied to fix up surface damage during the initial application.

Figure 24 Following the rainfall simulations, the strong surface layer remains intact for Vital Bon-Matt Stonewall. The

product also penetrates up to 15 mm into the test soil; a mechanism that likely aids infiltration by preserving
soil structure.
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4.5.4

Discharge Rate

Due to Vital Bon-Matt Stonewall’s resistive crust, runoff initiated soon after rainfall application. Discharge rates
reached a stabilised trend after 10 minutes for all Vital Bon-Matt Stonewall treated plots. This was followed by a

gradual increase in discharge rate for all three simulations. This gradual increase in discharge rate is attributed
to decreasing infiltration as surface soil became saturated and natural porosity held open by Vital Bon-Matt
Stonewall was gradually blocked.

Fluctuating discharge rates for test VIT03 were associated with high winds during simulation and generator shut
down for 48 seconds at 45 minutes into the simulation (Figure 25).

4.5.5

Sediment Concentration

As alluded to above, soil detachment rates shown in Figure 26 show two markedly different rates, which can be

explained by differences in treatment coverage. Tests VIT01 and VIT02 show similar trends, whereby sediment
concentrations increase rapidly until 20 minutes into the simulation, at which point soil detachment rates continue
to increase at a slower rate. This increasing trend indicates that gaps in treatment coverage continue to increase in

size over the simulations, exposing more soil to erosion. Conversely, during simulation VIT03, little change in the
sediment concentration was recorded during the simulation. This can be attributed to the near 100% coverage

achieved. Soil detachment rates for VIT01–02 are close to 0.2 g/m2/s whereas VIT03 has a rate close to 0.002 g/

m2/s, or two orders of magnitude lower. These results have important implications for surface coverage when

using hydraulically applied soil stabilisers, which is discussed later in this report.

4.6

WRD-L

4.6.1

Treatment Description

WRD-L was supplied by LAS Marine Ltd. This product has an organic polymer base with the primary active
ingredient being calcium lignosulphonate. Calcium lignosulphonate is derived from lignin by sulphite-pulping
of softwoods (Toledo & Kuznesof, 2008). The large molecular weight of the molecules improves the binding
properties of soil particles, hence calcium lignosulphonate is commonly used to suppress dust and reduce erosion
from wind. Being water soluble, calcium lignosulphonate is not typically used as an erosion control product to
protect soil from the effects of heavy rainfall, but was used here to test its potential capacity to reduce erosion.

4.6.2

Plot Preparation

Loess soil plots were first pre-wetted with one litre of a solution containing anionic surfactant Marine 3
Technologies (an ALS Marine product). The purpose of this application was to reduce surface tension and

allow deeper penetration of the WRD-L treatment. Two litres of 10% WRD-L solution was then applied to the
pre-wetted surface. This treatment was allowed to dry for greater than 24 hours prior to commencing rainfall
simulation. The product supplier completed treatment preparation and application. Application was performed
using a combination of watering can and spray bottle for all three simulations. In the third simulation (WRD03),

the product supplier used a slightly different formulation of WRD1. WRD-L simulations were given the prefix WRD.

1 Due to the lateness of us being made aware of this change it was not possible to remove the results from the report. We
also felt that removing the result would introduce a perceived bias to the product testing – especially given that there
was variation in the results for all product tests, meaning that it was not possible to definitely conclude that the results
for WRD03 was entirely the cause of the product formulation change. As all three simulation results were presented it
is possible for the reader to see the variation in results for all test plots, and we have provided summary stats that both
includes and excludes the result for this test plot.
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VIT01
VIT02

VIT03

Figure 25 Discharge rate (millilitres per minute) for the three Vital Bon-Matt Stonewall simulations (VIT01–03).

Note in simulation VIT03, strong winds and machine failure at 48 minutes into the simulation caused and
inconsistent discharge rate.

VIT02
VIT01

VIT03

Figure 26 Soil detachment rates (g/m2/s) for the three Vital Bon-Matt Stonewalls simulations (VIT01–03). VIT01 and

VIT02 show an increasing trend in soil detachment through simulation due to the gradual degradation of
the protective coverage. Note that VIT03 produced significantly lower soil detachment rates due to 100%
surface seal being achieved.
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4.6.3

Plot Observations

In the 24 hours following product application, drying of soil introduced numerous fine spidery cracks less than
1 mm in width and spaced 200–300 mm around common points in a desiccation-like pattern. Soon after rainfall

simulation began, cracks sealed and were no longer evident through the experiment. Due to the product’s brown

colour it was difficult to ascertain if 100% soil coverage had been achieved during application. A hard textured
crust was evident over the plots prior to rainfall simulation.

During simulation, runoff initiated quickly and sediment content appeared to increase slowly over the simulations.

Sheet flow was the dominant sediment transport mechanism observed. As runoff increased, small anastomosing
surface flows developed. Small gaps in application gradually grew from small divots and pits that slowly linked.
In WRD03 these grew to small localised channel and initial rill formations (Figure 27).

After simulation, soil fragments were removed from plots, and it was clear to see WRD-L had penetrated

approximately 20 mm into the soil surface. Soil within the plots was generally quite damp post simulation. This
may indicate that infiltration occurred fairly evenly over the plot area.

Figure 27 A close up of the WRD-L surface during the third simulation (WRD03). In the lower section of the plot small

erosion divots are slowly coalescing to form the beginnings of rills. The crust formed by WRD-L is seen here
as planar surface cut by eroded divots and rills.
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WRD03
WRD02
WRD01

Figure 28 Discharge rates (millilitres per minute) for the three WRD-L (calcium lignosulphonate based) simulations

(WRD01–03).

WRD03

WRD01
WRD02

Figure 29 Soil detachment rates (g/m2/s) for the three WRD-L (calcium lignosulphonate based) simulations (WRD01–

03). Note the soil loss during WRD03 is twice that of the other simulations. This may be because the product
supplier used a slightly different formulation of WRD for plot WRD03.
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4.6.4

Discharge Rate

After rapid initiation of runoff, discharge rates and total discharge volume were less than other treatments.

Discharge rates were noticeably lower in all WRD-L simulations, indicating an increased infiltration rate (Figure
28). Stabilised discharge rates ranged between 600 and 800 mL/Min. The application of Marine 3 Technologies
surfactant likely increased infiltration rates by decreasing surface tensions and allowing water to penetrate further

into test soil. This process was also likely aided by the soil stabilising properties of WRD-L, that preserves soil
structure and in turn retains soil porosity.

4.6.5

Soil Detachment Rate

Inconsistencies in soil detachment rates is evident in WRD-L treatments. WRD01 and WRD02 produced very
similar and consistent results (Figure 29), where soil detachment rates averaged close to 0.4 g/m2/s with a slight
increasing trend over the simulation. However, WRD03 produced double the sediment concentration of the

previous two simulations trending between approximately 0.8 g/m2/s to 1.1 g/m2/s. A key difference between
WRD03 and the other simulations was the supplier applied a slightly different formulation of the WRD product. In

all WRD-L treatments soil detachment rates reached a steady state soon after simulation began. A slight increasing

trend in soil detachment rate through all simulations indicates a slow degradation of the treatment over time

(particularly WRD01 and WRD02). These results again highlight the need for consistent application (and not
altering the formula) when using hydraulically-applied soil stabilisers.

4.7

Comparison of Treatment Types

In this section, comparison of average discharge rates (mL/min) and cumulative sediment yields (g/m2) for

each treatment type are made. These metrics are used to compare how each treatment performed on average
compared to the loess control.

4.7.1

Average Discharge Rates

Average discharge curves were defined by fitting an averaged curve to the three discharge rate curves for each
treatment type. Figure 30 shows the average discharge rate (mL/min) and the consistent rainfall application rate
from the simulator (black line). These curves illustrate the average runoff behaviours of each treatment type.

Discharge from the loess control plots occurred soon after simulation began and plateaued within the first

~10 minutes. The average discharge rate curve shown in Figure 30 demonstrates rapid runoff, low infiltration
and surface sealing are all physical factors that exacerbate erosion from exposed loess subsoil. When making

comparison of the effects each treatment has on discharge rate, it is important to understand if the treatment is
having a positive or negative effect on runoff. This is elaborated on below.

The average discharge rates for treatments can be broken into two categories; treatments that had stabilised
discharge rate above the rate of rainfall application, and those that had stabilised discharge rates below the rainfall
application rate (and therefore promoted infiltration).

Treatments that increased runoff with time included the coconut RECP mat and straw mulch. These treatments
demonstrate a gradual increase in discharge rate until an eventual stabilisation above the application rate of the

rainfall simulator. This suggests the bulky nature of these treatments retain water by slowing surface flow before

a holding capacity is met. Once the holding capacity of the product was reached, it then resulted in a higher (yet
stable) discharge than the rate of rainfall application, as the saturated media became a source of water release.
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Coconut RECP
Straw
Rainfall application rate
Loess control
Topsoil
Vital Stonewall
WRD-L

Figure 30 Summary plot showing the average discharge rate (millilitres per minute) for the five treatment types and

loess control plots. Each curve is an average of three separate test plots for the same treatment. The black
line shows the constant rainfall application rate of 966 mL/Min for reference.

LOE03

LOE02
Average LOE
WRD03

Average WRD
LOE01
WRD01
WRD02

Figure 31 Cumulative sediment yield plots for loess control (LOE) and WRD-L (WRD) treatments, showing average

cumulative sediment yield best-fit curves (solid lines) as well as the results from each of the three
simulations (dotted lines). Note the large spread in the three loess control simulations (the dotted LOE lines),
likely the result of subtle variations in individual plot set-ups. WRD-L simulations produced two cumulative
sediment yields with a similar trend, with a third producing twice the amount of sediment (likely the result of
the altered formulation).
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The remaining three treatments – topsoil, WRD-L and Vital Stonewall – also showed a gradual increase in discharge
rate before stabilisation. However, as all stabilised discharge rates were below the rainfall application rate and

loess control discharge rate, these treatments resulted in a reduced surface runoff and thus increased infiltration
rates. Such a reduction in total runoff means that there is less volume of water that will require downslope
(i.e., secondary) treatment for sediment removal.

4.7.2

Average Cumulative Sediment Yields

Average cumulative sediment yields are a continuous sum of sediment eroded during each simulation. This metric

provides an effective way of comparing how well each erosion control product performed with respect to each
other. As each simulation gave slightly different results due to minor differences in plot and simulation conditions,
an average value was calculated for each of the three replicate plots per treatment. This average cumulative
sediment yield curve is a best-fit line calculated by SigmaPlot curve fitting software. Average cumulative sediment

yield results for each treatment type are presented compared to the averaged curve for each treatment (Figures 31,
32 and 33), and illustrate the variation of sediment yield within each treatment type tested. For better comparison
between all treatments, Figure 34 then shows the best-fit (averaged) curve for each treatment type in the one
graph.

The average cumulative sediment yield for loess produced a total of 3,726 g/m2 (Figure 31). The cumulative

sediment yield range for L0E01–03 was 1,751–5,233 g/m2 (Table 2); this high variability may have been caused by
a sediment settling on LOE01 as discussed in Section 4.1.

The average curve for WRD-L cumulative sediment yield shows a slight steepening curve in Figure 31. This indicates
that sediment yield increased over simulations, probably due to a degradation of WRD-L effectiveness. Final
average cumulative sediment yields for WRD-L totalled 1,955 g/m2 (or 1,319 g/m2 with the WRD03 simulation
using the altered product formula removed). There is also a fairly large spread in final cumulative sediment yields
for WRD01, indicating variability in this treatment’s performance as discussed in Section 4.6.

Cumulative sediment yields for topsoil produced two results that were closely comparable (TOP01 and TOP03),
with TOP02 almost twice that of the other simulations (Figure 32). In Section 4.2.5, this difference is tentatively
attributed to a slightly more compacted surface. The average cumulative sediment yield for TOP simulations was
calculated at 553 g/m2.

Cumulative sediment yields for Vital Bon-Matt Stonewall show a similar but opposite distribution to the topsoil

curves (Figure 32). Two cumulative sediment yields (VIT01 and VIT02) were very similar, whereas VIT03 was
orders of magnitude less. This reflects a difference in application method and amount of treatment discussed in
Section 4.5. VIT03 had 100% surface coverage, whereas VIT01 and VIT02 had approximately 90% coverage; the

results reflect this as a dramatic reduction in cumulative sediment yield (see Table 2 for more detail). The best-fit
average cumulative sediment yield line is based on all three simulation results, providing a calculated final value

of 358 g/m2. Note the slight upward curve of this line indicates erosion was acceleration over the course of the
experiment.

In Figure 33, cumulative sediment yields for coconut REPC mat (MAT) and straw mulch (STR) treatments are

shown as average cumulative sediment yield best-fit curves (solid lines) as well as individual results from each
of the three simulations (dotted lines). Cumulative sediment yields for the three coconut REPC mat simulations

(MAT01-03) were remarkably consistent, providing yields in a tight range (172.7 g/m2 to 206.5 g/m2, Figure 33).

Cumulative sediment yields for coconut REPC mat have a tight spread showing high repeatability. Conversely, straw

simulation gives a large spread in cumulative sediment yields. Table 2). These results were the most constant of
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TOP02

Average TOP
VIT02
VIT01
TOP01
TOP03
Average VIT

VIT03

Figure 32 Cumulative sediment yields for topsoil (TOP) and Vital Bon-Matt Stonewall (VIT) treatments, showing

average cumulative sediment yield best-fit curves (solid lines) as well as the results from each of the
three simulations (dotted lines). Note that both of these treatments produced one simulation that was
significantly different to the other two repetitions. This was due to sight variables in plot preparation
(TOP02) and treatment application (VIT03).

STR01
MAT02
MAT03
Average MAT
STR02
Average STR
MAT01

STR03

Figure 33 Cumulative sediment yields for coconut REPC mat (MAT) and straw mulch (STR) treatments, showing

average cumulative sediment yield best-fit curves (solid lines) as well as the results from each of the three
simulations (dotted lines). Cumulative sediment yields for coconut REPC mat have a tight spread showing high
repeatability. Conversely, straw simulation gives a large spread in cumulative sediment yields that result.
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Loess Control (3,726 g/m2)

WRD-L (1,955 g/m2) 1

Topsoil (553 g/m2)
Vital Stonewall (358 g/m2)

2

Coconut REPC (195 g/m2)
Straw (175 g/m2)

Figure 34 Summary plot showing all average cumulative sediment yield (g/m2) for the five treatment types and loess

control plots. Each curve is an average of three separate test plots for the same treatment (from Figures
31–33). The final value (at 60 minutes) represents the total average sediment yield for that treatment at the
end of the hour-long rainfall simulation (these amounts are provided in parenthesis).

Table 2

Summary of figures for soil loss results. These tabulated results show the variability depicted in Figures
31–34 above. Cumulative sediment yields (g/m2) show results for each simulation, while average
cumulative sediment yield (g/m2) is the averaged result of the three simulation curves. Percentage
reduction, in sediment yield show how effective the upper and lower cumulative sediment yield results
were compared to the loess control average cumulative sediment yield; percentage range of these results
(%) is also calculated. The final column summarises how effective each treatment was on an average
percentage (%) basis compared to the loess control average.
Cumulative sediment
yield for each rainfall
simulation (g/m2)

% range
between
the three
simulations4

Average %
reduction
in sediment
yield5

01

02

03

1,751.2

4,257.7

5,233.1

3,726

n/a

n/a

n/a

Straw mulch

264.9

175.8

72.5

175

92.9–98%

5.1%

95%

Coconut RECP Mat

172.7

208.9

206.5

195

94.4–95.3%

0.9%

94%

Vital Bon-Matt
Stonewall

532.2

543.9

6.1

358 2

85.4–99.8%

41.4%

90% (71%) 6

Topsoil

457.4

819.6

389.3

553

78–89.6%

11.6%

86%

13.2–67.4%
WRD-L
1,423.2 1,214.2 3,233.7
1,955
Or 1,319 g/m2 if the WRD03 simulation with the altered product formula is removed.

54.2%

48% (65%) 6

Treatment
Bare loess (control)

1

1

% reduction
in sediment
yield3

Average
cumulative
sediment yield
(g/m2)

2

Or 533.6 g/m2 if the VIT03 simulation with additional coverage is removed.

3

Percentage reduction in sediment yield when compared against the average cumulative sediment yield for the bare loess
control plots. The values presented are the range between the three rainfall simulations.

4

The variation in the % reduction values for the three rainfall simulations (i.e., for the straw treatment, the range in the three
percentage reduction values was 5.1%).

5

The average reduction in sediment yield compared to the average for the bare loess control plots.

6

Values in parenthesis exclude the third simulation where product application was different (via a variation in formulation or
coverage).
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all treatments tested, with the consistency likely relating to the uniform texture and roll-out structure of the treatment
(i.e., application rate would always be relatively uniform). The resulting best-fit cumulative sediment yield therefore
follows a similar trend as the individual replicates, with a resulting average sediment yield of 195 g/m2 .

Results for straw mulch show cumulative sediment yields with significant spread (Figure 33). No clear reason was
apparent for why this variation between STR simulations occurred. It is speculated that subtle differences in straw
distribution and angel of fibres caused this effect. The best-fit average cumulative sediment yield calculated for
straw gave the lowest total for all treatments (175 g/m2, Table 2).

When comparing the average cumulative sediment yield best fit curves, four of the five treatments significantly

reduced total soil loss when compared to the loess control, achieving (in increasing order of efficiency) 86%
(topsoil), 90% (Vital Bon-Matt Stonewall, or 71% if the simulation VIT03 with increased product coverage is

excluded), 94% (straw) and 95% (coconut RECP mat) average reductions in soil loss compared to the control plots

(Figure 34 and Table 2). The WRD-L treatment performed to a lesser standard, achieving a 48% (or 65% if the
simulation WRD03 with the altered product formula is excluded) average reduction in soil loss compared to the

control plots (Table 2). It should be reiterated that these results are based on the average of all three simulations
for each treatment type. This approach was taken to incorporate environmental variability expected on any
earthworks or construction site where these treatments may be used.

The final cumulative sediment yield results are presented in tabular form in Table 2. Percentage-based results
explain distribution of results in more detail. Repeatability of experimental results is summarised in the column

titled ‘% range between the three simulations’, which shows that straw mulch and coconut REPC mat produced

relatively consistent results, whereas Vital Bon-Matt Stonewall, topsoil and WRD-L were more variable in their

performance across the three simulations. In a ‘real world’ erosion control application, variability in the consistency
of a treatment’s performance will affect resulting sediment yields. Therefore, appropriate application method and
adequate treatment quantities are vital to achieve consistent results.

5

DISCUSSION

This project was completed to test the effectiveness of a range of common soil treatments used to reduce erosion

on earthworks and construction sites. A specific focus was to test their effectiveness to protect highly erodible loess
subsoil common on the Port Hills.

The results showed that exposed and untreated loess soils produce large amounts of sediment, equating to an
average sediment yield of 3,726 g/m2 over an hour-long 29 mm/hr simulated rainfall event. The rainfall simulation

test results showed that most treatments reduce runoff rate and promote infiltration, and result in reduced

sediment yields compared to the bare loess soil control. When looking at the average reduction in sediment yields,

while four of the five treatments achieved a reduction rate between 86–95% of the sediment yield of bare loess, the
total sediment yields at these reduced rates still equates to 175–553 g/m2. The WRD-L treatment (which achieved

a 48% reduction in sediment yield), resulted in a more substantial average sediment yield of 1,955 g/m2 (or 1,319
g/m2 if the WRD03 simulation with the altered product formula is removed).

Loess control plots demonstrated in a very visual way how much soil can be lost from a two meter square area
of exposed loess subsoil on an active earthworks or construction site. Test plot LOE03 lost the most soil of all
simulations equating to a colossal 10.46 kg over the length of the simulation. The strong dispersive characteristics

of Port Hills loess subsoil makes it highly susceptible to erosion. Observation of loess control test plot surfaces

before and after simulations showed that soil dispersion effectively sealed the upper surface of the test plot causing
rapid runoff and entrainment of sediment. Discharge rate for loess control plots were more rapid on average
than treated plots (Figure 30). This rapid runoff and low infiltration rates need to be considered when sizing ESC
(erosion and sediment control) mitigations on Port Hills earthworks and construction sites.
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The very high suspended sediment content in runoff from loess test plots was dominated by sand size particles.
In simulation LOE01, a portion of this sand-dominated load was deposited in the lower portion of the test plot
reducing total cumulative sediment yield. LOE01 demonstrates how over a large and complex earthworks or

construction site, the sand size fraction from loess may settle from suspension where sediment control mitigations
are put in place (i.e., silt fences, check dams etc.). However, silt and clay size particle will remain suspended due

to the dispersive force present. Suspended particles derived from loess soils will stay in suspension and may
be discharged from site as polluted stormwater if not treated. Chemical treatment with a suitable flocculate or
infiltration are two methods whereby fine suspended sediment from loess subsoils can be treated.

It was interesting to note that while topsoiling is not necessarily regarded as an erosion control treatment, on
average, it performed as well as some of other treatment types in the simulations (e.g., Vital Bon-Matt Stonewall,

Figure 32). Topsoil achieved an almost 90% average reduction rate compared to the bare loess control across the

three simulations. This is primarily due to two key factors – the less dispersive characteristics of topsoil compared
to parent loess, and higher infiltration rates due to a permeable soil structure – which in turn reduce runoff rates

and the erosive power of water. The use of topsoiling in itself as an erosion control measure during the construction
phase is not recommended, but the results do show the importance of reinstating topsoil to a site following

completion of works. There is also the possibility of using topsoil or similar mulch products in combination with
another treatments to provide for erosion control.

For the straw and coconut REPC mat treatments that provided bulky surface cover over loess test soils, slow
initiation in runoff and followed by an increased discharge rate are important observations. The physical mass

of these treatments protects the soil surface from rain splash and sheet flow. Post simulation, both treatments
had prevented infiltration in the upper portion of the test plot whilst the lower half of the plot was saturated. The
reduced initial runoff rates of sheet flow hold water in the lower portion of the slope, causing saturation. Under

prolonged wet weather conditions this has the potential to cause slumping and slippage of surface soil. Conversely,
in lower intensity storms, where used appropriately, straw and coconut REPC mat (and similar product) will

provide good protection for loess slopes, and possibly prevent runoff occurring. Furthermore, REPC type products
should be used in combination with topsoil where possible to promote permanent stabilisation by vegetation.

The suspended sediment contained within runoff from straw and coconut REPC mat was dominated by fine silt
and clay particles. Sand size particles all remained within the structural lattice of these treatments. This slowing

and pooling of runoff aids the settling of sand size particles, dramatically reducing sediment yields. Runoff from
these treatments was however very turbid and would require further treatment to reduce the suspended sediment
content to an acceptable level.

Both hydraulically applied soil stabilisers, Vital Bon-Matt Stonewall and WRD-L, had soil detachment rates and

cumulative sediment yields that show increasing soil erosion over the duration of the one hour simulations. This
reflects the degradation of these treatments over the course of simulations. For Vital Bon-Matt Stonewall this

degradation was caused by small holes in the application that were soon enlarged by rainfall impact, allowing the

exposed loess to then rapidly erode (this is discussed in more detail below). For WRD-L small gaps and potential
solubility of the product likely contributed to this acceleration in erosion throughout the simulations. Although
runoff initiated rapidly from these two treatments, both of these treatment types aided infiltration by maintaining

surface soil structure and reducing surface sealing caused by dispersion. Visual assessment of runoff from test

plots treated with Vital Bon-Matt Stonewall and WRD-L contained suspended sediment particles of sand, silt and
clay size fractions. One exception to this observation was VIT03 that produced fairly clean runoff with minimal
suspended sediment content.
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The replicate rainfall simulations showed that there was variation in the detachment rate curves and cumulative

sediment yield between rainfall simulations within the same treatment type, despite relatively similar discharge

rates. This within-treatment variation could have numerous origins ranging from slight variation in the treatment

application, plot slope, test soil density, antecedent test soil moisture content and environmental conditions during

simulation. Of these variables, it is likely that the application method and thus final coverage of the treatment
had a large part to play in the variability between the tests. Coconut RECP mat was the one treatment type that

allowed for the least variation in application, due to the fact that the mat is laid out in one continuous roll across
the plot, and subsequently there was the least variation in results (i.e., <1% variation in cumulative sediment
yields, Table 2) between the three rainfall simulations. In contrast, hydraulically applied products such as Vital

Bon-Matt Stonewall and WRD-L had an obvious visual variation in the coverage of the spray application (Figure

35), which was reflected in the results (i.e., in VIT03 where coverage was much greater, an almost 100% reduction

in sediment yield was achieved compared to VIT01–02 that achieved approximately an 85% reduction). This
indicates the importance in ensuring complete coverage of the treatment type in order to achieve the maximum

results. Because the modelled or intended sediment yields for construction sites are based on ideal (i.e., optimal)

performance standards, if the application does not meet these optimal standards then the increased sediment
yield will put additional pressures on secondary downslope sediment retention/treatment devices (if indeed
there are any).

Despite dramatic reductions in soil erosion from test soils by four of the five treatments tested, all but two sediment

concentrations (g/L) measured in runoff samples collected during this experiment exceeded typical consented
limits for construction phase stormwater discharge (typically 0.1 to 0.15 g/L). The maximum and minimum
sediment concentrations of individual samples recorded from the treatment plots during this experiment

were 239.6 g/L (for LOE03) and 0.082 g/L (for VIT03) respectively. When considering the average sediment

Coverage in the first two simulations (VIT01 shown
here) was around 90%, which allowed for more
rapid erosion at the points of small holes in the
product during its application.

Application for the third simulation (VIT03)
provided a much greater coverage.

Figure 35 Photographs of the first (left) and third test plot (right) for the Vital Bon-Matt Stonewall. The third application,

which had a far better coverage than the other two, resulted in a 99% sediment yield reduction compared to
an 85% yield reduction for the second treatment. For the former, when considered on a construction-site basis
such differences could result in a considerably larger amount of sediment released from the site.
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concentrations for all samples collected, for each of the treatments, the maximum and minimum values ranged

from 95 g/L (for WRD-L at a 48% average reduction rate1) to 6.9 g/L (for straw at a 95% average reduction rate).

This finding reflects the importance of having downslope treatment devices given that primary erosion protection
treatments, whilst shown here to be effective in reducing sediment yields, are still not sufficient to reduce sediment
concentration from loess subsoils to acceptable levels. Discussing appropriate downslope treatment is beyond

the scope of this study, but in brief for larger earthwork and construction sites these mitigations should include
appropriately sized sediment retention pond and chemical treatment (flocculation). Increased runoff rates

(coefficients) for loess slopes should be accounted for in any downslope sediment control systems, to ensure
adequate sizing of these controls.

5.1

Erosion Control Treatment Selection

As each erosion control treatment has unique physical properties, different erosion control situations will be more
suited to a particular treatment type depending on the site conditions (i.e. site slope, complexity, construction
staging, exposure to the site to wind, etc). For example, while straw was shown in this study to be effective at

reducing sediment yield, because it is not fixed down it could be susceptible to redistribution by wind; and as
such may not be as suitable for more exposed sites. In contrast, spray-on products would prove useful on steeper

or more exposed slopes where straw or mulch may not hold. Like straw, the coconut RECP Mat (and presumably

other similar mat products), was shown to be one of the most effective treatments, and would be suitable for more

exposed sites. However, because of it being a more manually intensive product to install (compared to say spray-on
products) it is unlikely to be used to cover larger exposed areas. As a result of these considerations, a combination
of erosion control treatments will likely be required to protect sites over the duration of soil disturbance.

Another important consideration for erosion control treatment selection is the need for short-term or long-term
erosion control. Short-term erosion control is needed on sites where construction activities are ongoing and short-

term protection is needed between site staging. For sites in their final stages of construction, long-term erosion
control treatments are needed prior to the establishment of vegetation and eventual site stabilisation.

During the planning phase of any earthwork or construction project, an erosion and sediment control plan should

specify which type of erosion control product should be used for both short-term and long-term site stabilisation.

Depending on the site, some erosion control products may function as both short-term and long-term solutions.
The key point is that all exposed soil must have some form of erosion control applied during all stages of
construction/development.

5.2

Comparison to International Best Practice

Information for international comparison can be sourced from many independent industry bodies and terrestrial

authorities via the Internet. Testing of erosion control products is now commonplace in Europe and the United
States of America. Regulated standards and product certification through test simulations similar to this study,

provides independent evaluation of product performance and suitability for various erosion control applications.

The United States Environmental Protection Agency (US EPA) and individual state environmental regulatory

authorities provide information on products and suitability. This section gives a summary of erosion control
treatment classes (after Caltrans (2003) and www.dot.ca.gov/hq/LandArch/16_la_design/guidance/ec_toolbox/
index.htm) and follows a treatment staging approach highlighted in Section 5.1. Further explanation of how
1

Or an average of 1,319 g/L and a 65% reduction rate if the simulation with the altered product formula is excluded.
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erosion control methods and technology can be used on slopes in the Port Hills is included in Appendix 1.

5.2.1

Soil Conditioning

Soil conditioning techniques improve a soil’s physical properties. This is achieved by improving the remaining insitu soil post-disturbance or by adding or reapplying stockpiled topsoil. Common techniques include roughening
soils, de-compaction, applying topsoil and incorporating materials such as mulch or compost (Figure 36). Although

soil conditioning does not directly provide cover to soil, it does reduce erosion potential by reducing stormwater
runoff volume and velocity, improving infiltration rate, improving water holding capacity and improving soils

structural, physical and biological properties. Improving soil condition is on of the most effective ways to establish
vigorous vegetation establishment and site stabilisation.

Table 3 below summarises acceptable slope profiles for soil conditioners. The topsoil tested in this study falls
under this class of erosion control treatment. A dramatic reduction in sediment concentration recorded in this

study (an 86% average reduction in sediment yield compared to the bare loess control) is testament to the value
of soil conditioning as a technique to inhibit causes of surface erosion. However, these naturally bare topsoil
treatments offer no cover protection from erosion and thus additional erosion control must always be applied.

5.2.2

Soil Conditioners with Soil Cover Benefits

By adding a textured soil conditioner to existing or reapplied soils, additional cover benefits can be gained.
Examples of such soil conditioning treatments include composted and mulched organic material including

composted green waste, tree bark, wood chips etc. (Figure 37). In addition to the benefits cited in Section 5.2.1,
soil cover benefits include protection from raindrop erosion, conservation of soil moisture and seed germination.
Application of soil conditioners typically occurs as a final stage of site disturbance, to provide protection prior
to vegetation establishment. Again, soil conditioners provide passive protection and should be applied with
additional erosion control treatments prior to the establishment of vegetation. Table 4 summarises the slope
capacity of these techniques.

5.2.3

Short-term Erosion Control Treatments

There are many short-term erosion control treatments for protecting soils during site disturbance and prior to
addition of long-term erosion control treatments and/or establishment of vegetation. Protection time frames

for short-term erosion control use are typically from days to three months. Site size and slope is an important
consideration when selecting a short-term erosion control treatment. For large sites with low slopes (Table 5),

straw mulching (which was tested here) and hydroseeding/hydromulching and soil stabilisers (such as the tested
WRD-L and Vital Bon-Matt Stonewall) provide immediate low cost protection against surface erosion, although
Table 3

The operational slope range for commonly applied soil conditioners.
Slope Range (horizontal:vertical)

1

Treatment

Minimum

Maximum

Topsoiling1

5:1

1.5:1

Soil roughing

5:1

1.5:1

Decompact soil

5:1

3:1

This includes the topsoil used in this study.
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A freshly topsoiled site with track mark soil
roughening to reduce runoff velocity and potential
erosion. Ideally, another form of erosion control
such as hydroseeding should be combined with
this method.

Image: www.forestry.gov.uk

Decompacting topsoil using a landscape rake will
increase infiltration and reduce runoff.

Figure 36 Examples of soil conditioning techniques.
Table 4

The operational slope range for commonly used soil conditioners with soil cover benefits.
Slope Range (horizontal:vertical)

Treatment

Minimum

Maximum

Mulching

5:1

2:1

Composting

5:1

2:1

Image: www.integratedgroup.com.au

Mulch used in a low angled garden to protect
against erosion and promote plant growth. Mulch
provides cover and reduces water runoff soaking
up excess water.

Compost being applied to a moderate slope using a
blower. Compost provides a protective barrier over
the soil that can reduce erosion by providing cover.

Figure 37 Examples of soil conditioners that also provide cover benefits. These options will improve growing

conditions and provide some protection against erosion from rainfall impact and sheet wash.

Table 5

The operational slope range for commonly used short-term erosion control treatments.
Slope Range (horizontal:vertical)

Treatment

Minimum

Maximum

Straw1

5:1

3:1

REPC jute mesh

5:1

2:1

Hydroseed/hydromulch

5:1

2:1

Hydraulically applied Soil Stabiliser2,3

5:1

>1:1

Bonded Fibre Matrix

5:1

>1:1

1

This includes the straw mulch tested in this study.

2

These products can provide suitable short-term protection to complex slopes with vertical sections and are useful where a
versatile solution is needed.

3

This includes the two hydraulically applied soil stabilisers tested in this study, WRD-L and Vital Bon-Matt Stonewall.
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note that exposure to wind is a consideration for straw applications. Where increasing slope angle, and exposure
are a concern, REPC different treatment may be better suited (Table 5, Figure 38).

For very complex and steep slopes, bonded fibre matrix hydraulically applied soil stabilisers become more suitable
for short-term protection during site staging and prior to final stabilisation measures (Figure 38).

Short-term erosion controls treatments generally have limited additional benefits to the underlying soil. They are

best used between initial site disturbance and final site stabilisation (vegetative cover) and/or addition of longterm erosion control treatments.

Straw mulching, WRD-L and Vital Bon-Matt Stonewall tested in this study are all considered short-term
treatments. Straw and the two hydraulically applied soil stabilisers tested (WRD-L and Vital Bon-Matt Stonewall)

have a different application capacity/suitability when protecting exposed loess sites. Straw is useful on low angled

slopes, whereas hydraulically applied soil stabilisers can be applied to slopes of any angle. Hydraulically applied
soil stabilisers show great promise for reducing erosion from active worksites where final soil stabilisation has yet
to be achieved, provided it is adequately applied.

5.2.4

Long-term Erosion Control

Long-term erosion control treatments are typically used on steeper sites where the establishment of permanent

vegetation may be more challenging, or in sensitive environments where added protection is needed (such as
stream banks). These treatments are generally designed to stay in place longer and provide not only cover to soils
but structural reinforcement. They should have a functional longevity of up to three years. Typical treatments
include RECP netting (such as the coconut RECP mat tested here), blankets and turf reinforcement mat (TRM)

(Figure 39). Long-term erosion control treatments are designed to provide immediate erosion protection, enhance
Table 6

The operational slope range for long-term erosion control treatments.

Slope Range (horizontal:vertical)
Treatment

Minimum

Maximum

RECP netting

4:1

1.5:1

RECP blanket1

2:1

1:1

RECP TRM

2:1

>1:1

Table 7

The operational slope range for erosion control treatment/techniques for steep sites.
Slope Range (horizontal:vertical)

Treatment

1

Minimum

Maximum

Stepped slopes

3:1

2:1

RECP wrap

2:1

1.5:1

Cellular confinement

2:1

1.5:1

Wire blanket

1.5:1

>1.1

Wire mesh

1.5:1

>1.1

This includes the coconut RECP matting tested in this study.
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Image: www.allstakesupply.com.au

REPC jute mesh has a fine lattice and makes
close contact with soil where additional stability
is required.

Image www.vitalindustries.com.au

Hydraulically applied soil stabilisers are very
effective for protecting steep cut faces. Here, a
copolymer based treatment is being sprayed in a
freshly exposed face.

Hydroseed/hydromulch is effectively being
used here to protect soil whilst seeds germinate
and sprout.

Image: www.hydrostraw.com

Bonded Fibre Matrix is similar to hydroseed but
contains wood fibres and tackifiers to give added
strength.

Figure 38 Examples of short-term erosion control treatments. This broad range of treatments has a variety of application

scenarios. Their fundamental purpose is to provide protection against erosion during the establishment of
permanent vegetation or through an intervening period before the application of long-term treatments.
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Image: www.salixrw.com

REPC Netting is a thick woven jute mesh of various
grades/weights.
Image: www.erosionsupplytn.com

REPC blankets may also contain straw or wood
fibres held in-place by mesh backings. The often
come in large roles for easy installation

REPC Blankets like the coconut REPC mat are
commonly constructed by sandwiched between
mesh backings.
Image: www.globalsynthetics.co.nz

REPC TRM provide rigidity and strength for
vegetation establishment on steeper faces. They
are typically anchored with long steel pins as
shown here

Figure 39 Long-term erosion control treatments protect against erosion for extended periods (or permanently in the

case of some synthetic options). In most cases establishment of permanent vegetation accompanies these
treatments. Long-term treatments provide effective protection for steeper sites where erosion by sheet
wash and rilling is of concern.
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Image: gatherandgrow.org

Stepped slopes are combined here with living
willow stakes to stabilise a steep bank.

Image: www.globalsynthetics.co.nz

REPC Wrap can be effectively used to stabile steep
embankments.

Image: www.prestogeo.com

Cellular confinement provides additional rigidity to
hold soil in place on steep slopes.

Wire mesh confinement used to prevent rockfall
and erosion.

Figure 40 Steep-slope erosion control treatment/techniques often verge on geotechnical tools to prevent not only

surface erosion but also mass movements. Engineering is often needed to select the most appropriate
option for steep slope protection.
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vegetation establishment, and provide long-term functionality by permanently reinforcing vegetation during and

after maturation. RECP come in many different types and are often classed by weight per square meter and open

area percentage. Lightweight RECPs are generally suited to lower angle slopes. Generally, higher weight RECPs are

more suited to steeper slopes where structure is needed to be maintained. TRMs are often designed for very steep
slopes, and have both long-term biodegradable solutions and permanent synthetic systems. Table 6 summarises
slope suitability for commonly used long-term erosion control treatments.

The coconut RECP mat tested in this study fits within this long-term erosion control classification (as a REPC

blanket). A product of this type and weight is designed to protect steeper slopes (2:1 to 1:1 horizontal to vertical)

than the slope used in the study plots (5:1 horizontal to vertical). Regardless of this fact, the results achieved here
are typical of studies completed internationally.

5.2.5

Steep Slope Techniques

For slopes steeper than 1:1 (horizontal to vertical grade) a more aggressive approach to erosion control is
needed. These techniques generally involve applying some form of internal or external structure to the slope and

are permanent fixtures. Many steep slope techniques bridge the gap between erosion control and geotechnical

stabilisation. Therefore it is important their design meets slope-engineering requirements, which should be

specified by a geotechnical engineer. Common steep slope techniques include various stepped slopes, bioengineered structures, soil filled RECP containments, wire blanket and wire mesh confinement (Figure 39).

Loess road cuts are a common cause of sediment pollution in the Port Hills. A suitable steep slope technique should

be investigated to stabilise these permanent road cuts and embankments. An assessment of steep slope techniques
was beyond the scope of this report.

5.2.6

International Comparison Summary

The preceding summary of the common international best practice measures for site erosion control indicates that
all major erosion control treatments and techniques are available in New Zealand. Internationally most of these

treatments and techniques have been independently tested to some degree, with some international territorial
authorities requiring product certification prior to use.

As previously discussed, the appropriate use and application of these erosion control methods/products is critical
to achieving the optimal erosion protection rates of the products and thus in successfully reducing sediment yield

rates. To ensure successful use and implementation, good independent guidance from relevant specialists should
always be sought, as well as ongoing checks and maintenance of the used erosion control measure to ensure their
ongoing performance.

6

Conclusion

Untreated (i.e., bare) loess plots were shown to have an average total sediment yield of 3,726 g/m2 of sediment

during the one hour long, 29 mm/hr simulated rainfall event on a 11˚ (i.e., 5:1 horizontal to vertical) slope. All five

erosion control treatments tested in this study reduced sediment yields in comparison to the bare loess control

plots. Of these, four of the five treatments were considered to be most effective in reducing erosion and sediment

runoff from test soil plots. The average reductions in sediment yield (i.e., soil loss) compared to the control plots
were (in decreasing order of efficiency) 95% (coconut RECP mat), 94% (straw), 90% (Vital Bon-Matt Stonewall

or 71% of the simulation VIT03 with increased product coverage is excluded), and 86% (topsoil). The WRD-L
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treatment performed to a lesser standard, achieving a 48% (or 65% if the simulation WRD03 with the altered
product formula is excluded) average reduction in soil loss compared to the control plots. This study has therefore

demonstrated that the use of erosion control treatments is an effective method to reduce sediment runoff from
highly erodible loess soils. It is therefore concluded that appropriate erosion control treatments should always be
applied to exposed soil surfaces during all stages of soil disturbance in the Port Hills.

Based on observations made during the rainfall simulations, variation in the application of erosion control

treatments influence soil detachment rates and sediment yields, with greater detachment rates and sediment
yields where application is less than optimal. This indicates the importance in ensuring complete coverage of the
treatment type in order to achieve the maximum results, particularly given that application is one environmental
variable within complete control of the contractor. Because the modelled or intended sediment yields for
construction sites are based on the ideal (i.e., optimal) performance standards, if the application does not meet

these optimal standards then the increased sediment yield will put additional pressures on secondary downslope
sediment retention/treatment devices (if indeed there are any).

While the reduction rates for four of the five tested products was exemplary, and for one of the products was good,
the concentration of sediment (g/L) in collected samples from the plots still ranged on average from 6.9 g/L (for

straw at a 95% average reduction rate) to 95 g/L (for WRD-L at a 48% average reduction rate1). When considering

the size of construction sites, this represents a considerable amount of sediment that, given the dispersive
characteristics of loess, would result in impacts on water clarity and thus ecological values. When considering the
concentration of sediment contained within runoff from the test plots with erosion control treatments, this was

also greater than the typical consent limits set for suspended sediment (often between 100–150 mg/L or 0.1–0.15
g/L). This reinforces not only the importance of using these types of erosion control treatments as a way of reducing
sediment runoff from exposed soils, but also the necessity for additional downslope treatment devices to remove
sediment released from the primary erosion control measures prior to discharge to the receiving environment.

Selection of an appropriate treatment to protect exposed loess subsoil is dependent on numerous variables

including stage of disturbance, site slope, application scale, site access, complexity of exposure, short-term or long-

term treatment requirements etc. In most situations a combination of erosion control treatments will be needed
from initial site disturbance to final site stabilisation. It is recommended that all subsoil disturbance (i.e., cuts >0.3

m depth) independent of site scale, must have an appropriate erosion control plan. These plans must specifically
state erosion control treatment selection during each project stage (initial disturbance, short-term site works and

final stabilisation). At a minimum, appropriate erosion control treatment selection should address work site slope,
period of protection required, and short-term or long-term protection.

A short review of international best practice erosion control measures has shown there are many products
available internationally that may be useful to reduce erosion from exposed loess. While the availability of these

products in New Zealand is variable, in general most product classes are represented and available locally. The five

products tested in this report provide guidance to a handful of these soil conditioners and short and long-term
erosion control options. However, further experimentation with erosion control techniques for steep loess subsoil

1 Or an average of 1,319 g/L and a 65% reduction rate if the simulation with the altered product formula is excluded.
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slopes and road cuttings is recommended.

7
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Appendix 1:
Erosion and sediment Control (ESC) – Field Trial Project Outcomes:
Suggested changes to ESC guidelines and Construction Phase Stormwater
Consent Conditions
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Cashmere Stream Working Group
Christchurch – West Melton Zone Committee
c/o Shelley Washington
Environment Canterbury
200 Tuam Street
Christchurch 8140

August 2016
TO Shelley Washington | Environment Canterbury
FROM Thomas Adamson | EOS Ecology
Erosion and Sediment Control (ESC) – Field Trial Project Outcomes: Suggested Changes to ESC Guidelines and Construction
Phase Stormwater Consent Conditions
EOS Job No: 15053-ENV01
Dear Shelley,
Please find below a memo containing information derived from our recent Erosion and Sediment Control Field Trial Project (Adamson,
2016, referred to here as ‘the 2016 ESC project’). This memo outlines suggested updates to the Environment Canterbury’s Erosion and
Sediment Control Guidelines (ESC Guidelines) and in a latter section, suggested changes to earthworks and construction related
consent conditions. Suggestions are primarily focused on working with Port Hills loess, but are broadly applicable to all earthworks and
construction settings where erosion control is needed. Reference should be made to the project report for more in-depth information
patenting to each section below.

1

SUGGESTED UPDATES TO ESC GUIDELINES

Canterbury’s ESC Guidelines would benefit from containing information that is specifically tailored to earthwork and construction
activities in the Port Hills. The information within the ESC Guidelines should cover a range of topics, and give readers understanding of
why ESC in the Port Hills is significantly more challenging than works on the flat. The 2016 ESC project has highlighted the importance
of good erosion control, as once loess becomes suspended in water; it is extremely difficult to manage. Scientific findings and
observation of erosion control treatments to exposed loess subsoil during this project forms the basis of this memo.
A flexible approach is needed when managing erosion from earthwork and construction sites. When managing erosion, a contingence
budget, adaptive plan and unbiased advice are necessary. Deciding on the best erosion control treatment depends on slope steepness,
slope length, slope aspect, soil moisture retention, soil type, proximity to sensitive environments, plus the need for temporary or
permanent treatment. Much of the content included within the section below relates to changes to site management and design of
existing ESC treatments commonly used in the Port Hills. As erosion can happen both during and after site development, it is helpful to
view erosion control treatments as short-term and long-term tools to reduce erosion and provide complete site stabilisation (see
Adamson, 2016 for further explanation). This approach is taken below.

1.1

LOCATION AND NATURE OF LOESS SOILS

Explanation of the potential hazards associated with working with loess soils in the Port Hills should be contained within an update of
the ESC Guidelines. Updated ESC Guidelines should contain a section specific to ESC in the Port Hills. This information should include
detail on the location and physical attributes of loess soils, plus brief detail on the ecological effects suspended sediment has on
receiving environments. This information will highlight the unique properties that make highly erodible loess soils difficult to control
during rain events.
Most earthwork and construction activities in Christchurch’s Port Hills will expose loess subsoil to potential erosion. To aid recognition
of areas with potential erosion issues, a map showing the distribution of loess soil and potential erosion risk (‘hot spots’) should be
included in an introduction piece to working with loess soils in the Port Hills. This will aid the readers’ assessment of information
relevant to their site.
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Summary of matters to include in an update of the ESC Guidelines relating to ‘location and nature of loess soils’:
»

Location map of highly erodible loess soil in Canterbury. This could include a risk-rated ‘hot spot’ type map.

»

Information on soil horizons and dispersive soils.

»

Information on the ecological effects of suspended sediment and sedimentation.

1.2

SHORT-TERM EROSION CONTROL TREATMENT OF LOESS SUBSOIL

The 2016 ESC project (Adamson, 2016) has shown that even small areas (2 m2) can be a significant source of sediment if left
unprotected. Small areas of unprotected loess subsoil are a common occurrence on Port Hills earthwork construction sites (and also
road cuts). As these small areas often occur during earthwork and construction, short-term erosion control treatments are needed prior
to long-term erosion control measures and permanent site stabilisation (80% grass cover equivalent).
Short-term erosion control treatment is needed from the initial sages of development, through cut and fill, during construction of
permanent controls such as retaining walls. As earthwork and construction staging occurs over many months, there will be long
periods where soil is exposed prior to eventual stabilisation by vegetation or impervious surfaces. During this time short-term erosion
control treatments are needed to reduce erosion. It is highly likely these short-term measures will need moving or reapplying during site
works. The key message being: cover loess sub-soil as soon as possible (“Cover-It-Up” could be a good campaign slogan).
The following are some aspects to consider in relation to short-term erosion control treatments:
»

During the initial stages of development, emphasis should be placed on retaining (stock piling) all sod, mulched vegetation and
topsoil on site during initial earthworks. These materials should be reapplied to exposed loess subsoil surfaces as soon as recontouring is complete. These materials provide a cost effective means of reducing potential erosion.

»

Surface roughening is a technique typically used to slow surface runoff and reduce potential erosion. However, Figure 2 shows
how significant runoff can be generated from even low-angle topsoiled sites with soil roughening. Surface roughening should
therefore not be used as a standalone erosion control technique for topsoiled or loess subsoil.

»

The use of straw, duff, compost and mulch (mulching) as a temporary treatment to protect exposed loess subsoils is a practical
option for more expansive low angle exposures (< 4:1 length to height, see Figure 3). These methods are useful for fill sites where
on-going re-contouring is taking place. Exposure to wind is an important consideration when selecting a mulch treatment as
temporary erosion control. Straw and other lightweight mulches may need to be disced in or be applied with a tackifier.

»

Once cuts have been made into loess subsoil (for retaining walls, access ways, trenching etc), the use of a hydraulically applied
erosion control soil stabiliser is recommended. These products are ideal for quick application to complex and steep faces, where
short-term protection (up to 3 months) is needed. These products should be applied thickly to achieve 100% ground coverage
(Figure 4). Such products include: hydroseed, bonded fibre matrix, polymeric emulsions (e.g. acrylic and acrylamide ploymers). The
co-polymer based product used in the ESC project provided versatile cover suitable for temporary erosion control on all slope
types. These products are quick to apply to all surfaces (including stock piles), and are relatively cheap.

»

Hydraulically applied erosion control products that contain soluble active constituents such as guar, lignosulphanate and starch
are not recommended for use on loess soils. They are however highly effective dust suppressants and should be used as such.

»

Track and temporary access ways commonly expose large area of loess subsoil. Tracks are difficult to areas to protect with erosion
control treatments, as regular vehicles movement disturb treatments. Runoff control is key for reducing surface erosion on tracked
areas. Lined/armoured (geotextile, metal/gravel etc) dirty water channels should parallel tracks and collect all runoff from the tract
surface at regular intervals using across-track catch drains. This dirty water will need treating in a sedimentation/treatment pond.
Hydraulically applied erosion control treatments should be used to protect berms, banks, abutments, bunds and the track surface
itself. Reapplication after rain event and further track modification should take place immediately.
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»

Managing runoff over loess subsoil on steep and long slopes is critical. Clean water diversion, benching, and other sediment
control methods should be employed to reduce the amount of water moving over loess surfaces. Reducing the allowed amount of
exposed loess subsoil is recommended. Opening large sloping areas of loess subsoil is highly discouraged. Areas of exposed loess
subsoil should be covered as-soon-as practical and treated with short-term erosion control treatments in the interim.

»

On small sites (retaining walls, single building sites etc.) where short-term erosion control is needed for steep loess subsoil cuts,
an impermeable plastic sheet can be used to protect against a brief rain event (overnight). This method is not recommended on
sites where upslope runoff cannot be controlled, and where water running off plastic sheets exacerbates erosion further down
slope.

»

REPCs (rolled erosion control product) have limited use as short-term erosion control treatments on loess subsoils primarily due to
expense and the need to remove as staging progresses. REPC do have a significant role in long-term site stabilisation however.

»

Following rain (or severe wind) sites protected by short-term erosion control products should be inspected and treatments reapplied/maintained as needed. Guidance in the form of site audit sheets specific for erosion control would be a handy addition to
updated ESC Guidelines.

Summary of matters to include in an update of the ESC Guidelines relating to ‘short term erosion control treatment of loess subsoil’:
»

Use temporary erosion control site development before final stabilisation.

»

Always stockpile site topsoil and mulch vegetation for latter use.

»

Surface roughening should not be used as a stand-alone erosion control technique, and should be combined with treatments that
provide soil cover (mulching and hydraulically applied products).

»

Mulching techniques are suitable as short-term erosion control on low angle (< 4:1 horizontal to vertical) loess subsoil exposures.

»

Steeper slopes and vertical cuts in short-term exposures of loess subsoil (i.e., > 4:1 horizontal to vertical) should be treated with a
suitable hydraulically applied erosion control product during on-going works.

»

Site tracks on loess subsoil should have good water management that direct run-off into lined channels. All tracks, berms and
margins should be treated with a suitable hydraulically applied erosion control product.

»

Site inspection should always be completed following rainfall to identify ESC failures.

1.3

LONG-TERM EROSION CONTROL TREATMENT OF LOESS SUBSOIL

Long-term erosion control treatment is needed for slopes where earthworks and construction activities have been completed and no
further site disturbance is necessary. This occurs at the final stage of ESC planning and often integrates with aspects of landscaping.
Topsoiling has been included here in the permanent erosion control section as it should always be applied over bare loess subsoil
where practical. Topsoiling a site is common practice prior to the establishment of permanent vegetation. Although not an erosion
control treatment, the 2016 ESC project (Adamson, 2016) has shown that applying 100 mm of topsoil is a highly effective way to reduce
erosion from underlying loess subsoil (erosion trials showed an 86% reduction in sediment yield compared to the control untreated
loess subsoil). This is due to the topsoil’s porous texture, organic content and capacity to absorb rainfall, therefore reducing potential
for erosion by runoff (Figure 5). That said it is not enough to only apply topsoil as an erosion control treatment. All topsoiled surfaces
should be protected with an appropriate erosion control treatment prior to eventual stabilisation by vegetation.
Using a combination of topsoiling and long-term erosion control treatments is recommended for Port Hills site requiring permanent
stabilisation. Permanent stabilisation of low angle loess subsoil slopes (< 4:1 to 1.5:1 horizontal to vertical) should be covered in topsoil
prior to the application of additional suitable erosion control treatment (hydroseeding and REPCs are good options). It is recommended
that the loess surface be roughened prior to addition of topsoil. This will aid reestablishment of a healthy soil profile and reduce a
potential permeability barrier between topsoil and loess (which could lead to surface slumping on steeper ground, Figure 6).
Establishing a healthy soil profile is vital for rapid vegetation growth an eventual site stabilisation, and soil conditioning provided by
topsoil promotes not only healthy soil structure, but also soil moisture retention.
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2

SUGGESTED CHANGES TO EARTHWORKS-RELATED CONSENT CONDITIONS

The following review of consent conditions is based on information contained within a memo from Environment Canterbury
Chritstchurch West Melton Banks Peninsula Team to all ‘Sec Consents’ dated 9 June 2015, with the subject titled ‘Processing
Construction Phase Strom Water Consents’ (Environment Canterbury, 2015). While the memo provides good guidance and sensible
conditions for stormwater discharge consent, in the context of erosion from Port Hills Loess, additional conditions should be included.
The suggested changes and notes on existing conditions listed below follow the framework provided in the two examples condition
sets in the memo mentioned above.
When making individual assessment of risk during the audit of construction-phase stormwater consent applications, it is suggested
that all sites on the Port Hills be considered ‘high risk’. This is because greenfield developments will always expose significant areas of
highly erodible loess subsoil and brownfield sites are most often connected to the stormwater network. The 2016 ESC project
(Adamson, 2016) has shown that even 2 m2 of exposed loess subsoil can produce significant quantities of sediment. This is due to the
dispersive properties of loess subsoil; any fine suspended sediment generated on a Port Hills construction site will enter waterways or
reticulated system if infiltration or water treatment does not occur.

2.1

DISCHARGE TO GROUND

Consent conditions for ‘discharge to ground’ are assumed to be for smaller sites. In the Port Hills, sites discharging to ground will likely
have high suspended sediment. Care needs to be taken when assessing the potential risk associated with discharging to ground for
hills sites. A good understanding of potential discharge volumes is suggested.
LIMITS

Discharge to ground should only be consented where there is suitable ground to discharge to. Such areas will typically be wellvegetated and low angle with high soil infiltration capacity. Discharged stormwater flow should be even across the designated area
and be monitored during the process. Discharge should stop if any runoff leaves site. Such an event should be referred to in the ‘spills’
section where sediment should be highlighted as a ‘hazardous substance’.
PRIOR TO COMMENCEMENT OF WORKS

During per-construction site meetings, the consent holder should be made aware of their obligation to check the weather forecast
during construction. This should be explicitly stated on the consent.
EROSION AND SEDIMENT CONTROL (ESC)

All ESC Plans should contain an environmental section containing information on site climate, environmental risk associated with
sediment discharge and soil types in relation to ESC. This section should contain information on site procedures in the event of a poor
weather forecast. This will help consents staff be confident the applicant is aware of the environmental hazards associated with
construction activities on the Port Hills.
The current conditions in the ESC section focus heavily on ‘sediment control measures’. Conditions listed in the ESC section should also
specifically include ‘erosion control measures’ (‘stabilising’ is mentioned). ‘Erosion control measures’ included in a plan should specify
which erosion control treatments will be used for short-term and long-term erosion control, and permanent site stabilisation. The
consent team should check appropriateness of these measures (soil type slope etc.). This is particularly important for hill sites with no
facility to treat stormwater.
ADDITIONAL MITIGATION FOR HIGHER RISK SITES

The additional mitigation measures listed should be included for hill sites containing loess soils. Reference should be made to Trangmar
(2003) Port Hills Soil Conservation Guidelines, and the The Land and Vegetation Management Regional Plans for the Port Hills
(Canterbury Regional Council, 1997), although both now very dated, as well as regional plans where necessary.
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DISCHARGE TO WATER

In addition to the conditions suggested above consents for discharge to surface water could include the following.
LIMITS

Setting water quality limites for discharge from construction sites is difficult. In an ideal setting, consents would issue maximum
allowable suspended sediment quantities in discharge to water as units of clarity (C), turbidity (NTU) and total suspended solids (TSS).
Once the Cashmere Working Group’s C-NTU-TSS Relationship Project is completed, guidance on issuing consent in equivalent
suspended sediment measurement units will be possible. Setting an absolute limit provides a boundary that the regulatory and consent
holder can use to make definitive decisions. Gaining advice from the surface water team as to what these limits should be is still the
best approach.
Setting condition limits that assess a change in visual clarity in percentage terms can pose difficulties. Relationships between clarity,
turbidity and total suspended solids (TSS) are rarely linear, so percentage changes in clarity may not represent equivalent percentage
changes in TSS. This is important to consider if a compliance technicality eventuates.
Clarity and NTU limits are best for sites where best practice monitoring by the applicant will be competed. This is due to the low cost of
equipment needed to monitor these attributes. It may be prudent to develop an instructional resource (like a YouTube video) that
describes how to measure water clarity using a clarity tube. Such guidance will help permanent onsite staff become more familiar with
sediment discharge cause and effect, and promote good management practices.
Due to dispersive nature of Port Hills loess, water clarity and NTU better represent the environmental impact suspended sediment
discharged will have on receiving environments. Suspended sediment limits set in TSS are best when an absolute cut-off is needed.
When strict compliance is required, only TSS samples analysed at a citified lab will be irrefutable.
More stringent limits should be set for larger construction sites where discharged water volumes produced are high. These sites will
have the biggest potential to damage receiving environments even with good compliance.
EROSION AND SEDIMENT CONTROL (ESC)

In addition to the ESC consent conditions suggestions above, additional conditions for discharge to water should be considered.
For Port Hills construction sites that require consent to discharge to water, a sediment retention pond should be included in an ESCP.
This pond should be appropriately sized. Sizing should consider increased runoff coefficients from exposed loess subsoil. The applicant
should provide scaled drawings and runoff volume calculations for sediment retention pond sizing. Due to the high risk nature of Port
Hills sites, pond sizing (volume) should be 30% larger than the calculated 10-hour, 20% AEP rainfall event. This should help reduce
occurrences of pond overflow and uncontrolled discharge of suspended sediment.
For Port Hills developments, consented construction-phase stormwater limits will likely only be achievable with the aid of chemical
flocculants. Therefore it is suggested that consent applications for large earth moving and construction activities provide a Chemical
Treatment Plan (CTP) with the initial application. This CTP should include a documented flocculent bench test completed by a suitably
qualified person. A dosing method and rate, flocculent specifications, mixing technique and pond design should also be included in the
CTP. Having a CTP included in the initial application will prevent the trial and error approach to flocculent use commonly encountered
following initial rain events.
ESCPs should contain information about removal of pond sludge (which could be contaminated with chemical flocculent residue) and
protocol on maintaining pond capacity through staging. Pond maintenance needs to be accounted for in a site audit post rain event.
Limits on open un-stabilised ground (un-stabilised being less than 80% grass cover equivalent) should follow guidance provided in The
Land and Vegetation Management Regional Plans for the Port Hills (Part II) and other applicable regional plans. However, in the light of
this projects finding, this guidance provided in regional plans may now be dated. In general terms, the amount of land exposed on hill
developments should be kept to a minimum, with staged works playing a key part.
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SAMPLING/MONITORING

Water quality monitoring protocols should be specific to the construction site discharge point. The upstream vs downstream change in
clarity protocol should only be issued for sites where outfalls discharge directly to permanently flowing water bodies (not headwaters
or ephemeral streams). In situations where discharge is the only flow entering an ephemeral waterway or drain, an absolute discharge
limit should be issued. In these situations, monitoring should be based around quantity and quality of discharged water.
For very large hill construction sites connected to sensitive water bodies (like Cashmere Stream), it is suggested that consent holders
install a turbidity logger upstream and downstream (beyond reasonable mixing) of the discharge point into the receiving waterbody
three months prior to beginning site works to gain baseline information on water quality. This logger should remain in place over the
duration of the work. Locations for the upstream and downstream sites would be chosen and approved by regulators prior to
installation to ensure that it meets the requirements of upstream-downstream monitoring (i.e., no other significant discharges between
the two sites, placement of the downstream site at a suitable/relevant distance downstream). Results should be sent to ECan on a
monthly (or shorter) basis. Turbidity data collected will help compliance staff to assess the effects of construction-phase discharges.
This is common practice globally and by other Regional/District councils in New Zealand when compliance monitoring is needed for
large earthwork and construction sites.

3

CONCLUSION

Existing ESC Guidelines and commonly used consent conditions provided good guidance to consent holders and applicants. In future
updates of the ESC Guideline, information specific to managing soil erosion from the Port Hills and other highly erodible Canterbury
soils should be included. This content will provide the reader with adequate background information to understand Canterbury’s
unique climate, hill soils and waterway ecology. Consent conditions should also be specifically tailored to manage these aspects. All
Port Hills construction sites should be considered ‘high risk’ when considering construction phase stormwater consent conditions. In
general, more emphasis should be placed on assessing appropriateness of selected erosion control treatments in both the ESC
Guidelines and ensuing consents. When working with Port Hill loess soils, the motto ‘cover it up’ should be promoted.
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