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Abstract
Urban development and infrastructure 
projects in Aotearoa New Zealand disturb 
millions of cubic metres of earth every year. 
The construction industry adopts a range of 
erosion and sediment control (ESC) practices 
aimed at limiting the generation of sediment 
runoff and its discharge to receiving water 
bodies. Those that involve the use of physical 
interventions are termed structural practices. 
Structural erosion control practices involve 
applying a treatment, such as a mulch or 
geotextile, to exposed earth to prevent its 
erosion by rainfall runoff. Sediment retention 
ponds and other structural sediment control 
practices aim to capture sediment mobilised 
by rainfall runoff. The purpose of this paper 
is to describe the findings of published New 
Zealand research into the performance of 
structural ESC devices and treatments, 
supported by observations on the factors 
influencing performance obtained from a 
review of international literature, and to 
make recommendations for future research. 

While the most effective forms of ESC can 
reduce sediment loads in runoff by 90% or 
more, research has shown that performance 
is influenced by a range of factors. These 
include site characteristics, such as soil 
texture, and the design and maintenance of 

ESC practices. The effectiveness of erosion 
control has been found to vary with the cover 
extent, thickness, potential for displacement, 
flexibility of treatments and the number of 
complementary treatments applied on a 
site. The effectiveness of sediment control 
practices has been found to vary with factors 
such as the size and shape of ponds, the 
design of inlets and outlets and maintenance 
frequency. In recent years chemical treatment 
of sediment retention devices has become 
a relatively widespread practice in New 
Zealand reflecting evidence showing that, by 
flocculating fine sediments, it can markedly 
improve sediment deposition and capture. 
The effectiveness of chemical treatment 
has been found to vary with the chemistry, 
phase and durability of treatments and the 
management of chemical dosing systems. 

While research into the performance of 
ESC has contributed to an evolution in 
methods and the development of best practice 
guidelines, there remain areas of significant 
uncertainty and opportunities for further 
investigation. Foremost of these is the need to 
assess the performance of current best practice 
ESC by reviewing compliance monitoring 
data generated by consented earthworks 
projects. In addition, research is needed to: 
quantify the performance of ESC during 
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low-frequency, high-magnitude storm events; 
conduct effects-based assessments of ESC 
performance; assess continued innovation 
in the design and operation of ESC; and 
investigate innovation in the evaluation of 
performance through the adoption of new 
technological and participatory approaches. 
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Chemical treatment; earthworks; erosion and 
sediment control (ESC); sediment; sediment 
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Introduction
New Zealand’s urban footprint has grown by 
around 1200 hectares a year since the mid-
1990s (Ministry for the Environment and 
Stats NZ, 2018), equivalent to adding an area 
the size of Hamilton every six years. Urban 
development on this scale, in combination 
with major transport infrastructure projects, 
disturbs millions of cubic metres of earth 
every year. Two major projects in progress 
in 2021, the Transmission Gully and 
Northern Gateway projects to upgrade 
State Highway 1 north of Wellington and 
Auckland, respectively, involve a combined 
total of around 12.5 million cubic metres 
of cut-and-fill earthworks over an area of  
360 hectares to achieve the designed grade of 
the roading corridor (Board of Inquiry into 
the Transmission Gully Proposal, 2012; New 
Zealand Transport Agency [NZTA], n.d.). 

The construction industry adopts a range 
of erosion and sediment control (ESC) 
practices aimed at limiting the generation of 
sediment runoff and its discharge to receiving 
water bodies. These include ‘non-structural’ 
approaches (Leersnyder et al., 2018), such as 
staging earthworks to constrain the open area 
of bare earth at any one time and avoiding 
active works during winter, when the potential 
for sediment-disturbing storm events is 
heightened. ESC practices also include the 
use of a range of ‘structural’ practices: devices 

and land and water treatments deployed on 
active earthworks sites. These can be grouped 
as: water management practices, to manage 
runoff from upstream, within and exiting a 
construction site; erosion control practices, 
to manage sediment generation at source; 
and sediment control practices, to manage 
sediment discharges from earthwork sites 
(Basher et al., 2016). 

Research has been conducted into the 
performance of ESC devices and treatments 
since the 1970s, with the international 
literature dominated by observations from 
the United States and including both 
experimental studies and field evaluations 
conducted on operational construction sites. 
Since the late 1990s there has been a growing 
interest in establishing the performance of 
ESC practices in New Zealand. In particular, 
a number of studies conducted in the 
Auckland region have provided a local source 
of information to complement the findings 
of overseas research. 

The objective of this paper is to describe 
a review of published New Zealand research 
into the performance of ESC devices and 
treatments, supported by observations from 
the international literature. Its focus is on 
structural erosion and sediment control 
practices deployed in the field, specifically 
land cover treatments and sediment retention 
devices. This paper does not review the 
effectiveness of non-structural ESC practices 
nor describe the role of models and economic 
analyses in informing ESC design. The paper 
discusses the uptake of the reviewed research 
findings on practice in New Zealand and 
identifies areas of uncertainty and potential 
innovation for investigation by further 
research.   
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Performance of erosion and 
sediment control
Erosion control
Erosion control involves applying a treatment, 
such as a mulch or geotextile, to exposed 
earth to prevent its erosion by rainfall runoff 
(Fig. 1). While erosion control practices most 
commonly applied in New Zealand have been 
physical in nature, chemical erosion control 
treatments have also been used overseas, and 
these are addressed in a later section. Table 1 
presents examples of erosion control practices, 
along with a summary of design variables and 
characteristics influencing performance.

Figure 1 – Examples of erosion control: grass 
seeding (left of fence), straw (right of fence) 
and geotextiles (rear).    (photo credit: P. Pattinson)

Research into the performance of erosion 
control practices has typically involved 
sampling simulated rainfall-runoff from 
experimental plots to assess the comparative 
performance of alternative treatments. 
Results reported from experimental studies 
overseas indicate that erosion control can be 
highly effective, with some treatments found 
to reduce sediment loss from bare earth by 
70% or more, and as much as 99% (Lemly, 
1982; Armstrong and Wall, 1990; Harding, 
1990; Ziegler et al., 1997; Benik et al., 2003; 
Libscomb et al.; 2006). However, other 
treatments have been found to be relatively 
ineffective, with reported reductions in 

sediment loss as low as 22–23%  (Lemly, 
1982; Ziegler et al., 1997).

A New Zealand study conducted at 
Albany, north of Auckland, in the late 1990s 
compared runoff and sediment discharge from 
experimental plots supporting established 
grass, mulched topsoil, bare topsoil, mulched 
subsoil, and bare subsoil land covers (Basher 
et al., 2016). Sediment loads discharged from 
mulched topsoil and mulched subsoil plots 
were 94% and 85% lower than from the 
respective bare soil plots. The mulching of 
subsoil was found to be relatively ineffective 
during high-intensity rainfall events, making 
no significant difference to the discharge 
of clay- and silt-sized particles. The study 
reported better results for topsoil, with 
mulching enhancing the already higher 
organic matter content of the soil to promote 
higher rates of infiltration and lower runoff 
volumes than from the subsoil plots.

In addition to the influence of substrate 
qualities, overseas studies have found the 
performance of erosion control practices to 
be a function of the following characteristics: 
(1)  potential for displacement – fibrous, 

interwoven materials have been found to 
be more effective than loose mulches such 
as straw, which can become displaced by 
rainfall and runoff (Armstrong and Wall, 
1990; Harding, 1990; Ziegler et al., 
1997; Benik et al., 2003; Lipscomb et al., 
2006); 

(2)  cover extent – materials with a higher 
percentage cover have been found to be 
more effective at reducing soil disturbance 
by rainsplash, including better control of 
fine clays and silts (Ziegler et al., 1997; 
Rickson, 2006); 

(3)  thickness and associated water-holding 
capacity – thicker treatments with higher 
water-holding capacity have been found 
to perform better at reducing overland 
flow and associated soil loss (Jennings 
and Jarrett, 1985; Harding, 1990; 
Rickson, 2006); 
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Table 1 – Summary of the objectives, design variables and factors influencing the performance of a 
range of erosion and sediment control practices

Objectives Practice Design variables* Factors influencing 
performance

Erosion 
control

Prevent rain splash 
erosion; promote 
infiltration; reduce 
runoff generation 
and associated rill 
or sheet erosion 
processes.

Mulching Location, site slope, 
conditions (e.g., 
windiness), mulch 
type, application rate.

• Potential for displacement
• Cover extent
•  Thickness and water-holding 

capacity 
•  Number of complementary 

treatments

Geotextiles Geotextile 
material type and 
specifications, 
anchoring method, 
site preparation.

•  Flexibility and weight
•  Cover extent
•  Number of complementary 

treatments

Sediment 
control

Reduce velocity of 
runoff; deposit and 
retain suspended 
sediments. 

Decanting 
earth bunds

Catchment size 
and characteristics, 
soil conditions, 
size and shape of 
impoundment, 
decanting device 
design.

•  Storage capacity
•  Dewatering system design

Silt fences Type of fabric, 
location, catchment 
size and characteristics, 
fence and support 
dimensions and 
placement, soil type.

•  Site geometry and slope
•  Pore size of fence fabric
•  Soil texture
•  Time since installation and 

regularity of maintenance
•  Complementary use of 

vegetated buffers

Sediment 
retention 
ponds 
(SRPs)

Catchment size and 
characteristics, soil 
conditions, pond size 
and shape (including 
volume of dead and 
live storage, forebay 
size), decanting device 
design, design of inlets 
and outlets.

•  Extended detention provision
•  Sizing relative to inflow rates
•  Distance between inlet and 

outlet
•  Permanent ponding provision
•  Extent of mixing
•  Stablisation
•  Presence of forebays
•  Use of baffles
•  Location of outlets relative to 

water column
•  Use of outlet filters

Chemical 
treatment

Enhance sediment 
control by 
coagulation and/
or  flocculation 
of fine suspended 
sediments, leading 
to deposition and 
retention; enhance 
erosion control 
by binding soil 
particles.

Chemical 
treatment of 
SRPs

Chemical type and 
dose rate, dosing 
system, location of 
dosing point.

•  Treatment chemistry
•  Phase and durability of 

chemical (solid, liquid)
•  Dosing system management

*From Basher et al. (2016).
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(4)  flexibility and weight – flexible, heavier 
materials that have better contact with 
the underlying soil surface have been 
found to better promote ponding, 
reducing overland flow and associated 
soil loss (Ziegler et al., 1997; Rickson, 
2006); 

(5)  number of treatments – the use of a 
combination of treatments has been 
found to be more effective than single 
treatments, particularly in relation to the 
control of fine clay soils (Lemly, 1982); 
and 

(6)  establishment of vegetation – variations 
in the performance of different materials 
have been found to become less marked 
following the establishment and growth 
of vegetation (Benik et al., 2003).

Localised, temporary sediment control 
practices
Sediment control practices aim to capture 
sediment mobilised by rainfall runoff prior to 
its discharge from an earthworks site (Table 1). 
 There are a range of practices, operating at 
different spatial and temporal scales. Sediment 
retention ponds are typically constructed to 
treat sediment runoff from relatively large 
areas of earthworks and may remain in place 
for the duration of a construction project. 
Research on the performance of retention 
ponds is described in a later section. More 
localised, temporary practices are deployed 
as and when required as the footprint of an 

earthworks area changes over time. Silt fences 
(Fig. 2) are a common practice, constructed 
by suspending filter cloth vertically between 
temporary posts (e.g., warratahs). Other 
temporary devices include filter socks, 
decanting earth bunds (DEBs; Fig. 3) and 
rock berms.

A New Zealand study investigated the 
performance of DEBs at two earthworks sites 
in south Auckland, both with clay loam soils 
(Babington and Associates, 2004). Sediment 
removal rates during simulated rainfall 
trials varied in the range 47–75%, with 
performance influenced by event duration, 
antecedent soil moisture conditions and 
available storage. The results of subsequent 
monitoring during natural rainfall events 
indicated that better performance was also 
linked to the use of floating decant systems 
for dewatering. These systems promote the 
discharge of water from the top of the water 
column where, as a result of settlement, 
suspended sediment concentrations (SSCs) 
may be lowest.

In overseas research into temporary 
sediment control practices, silt fences have 
been found to capture in excess of 90% of 
sediments in laboratory studies (Wyant, 1981; 
Kouwen, 1990). In contrast, field studies 
have reported performance as low as 0–20% 

Figure 2 – Silt fence with impoundment of 
sediment-laden water.    (photo credit: L. Ward)

Figure 3 – Decanting earth bund. 
(photo credit: P. Pattinson)
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and even instances of silt fences acting as 
sediment sources during some storm events 
(Barrett et al. 1995a, 1998; Pitt et al., 2007). 
Better performance of silt fences has been 
found to be linked to sediment settlement 
in upstream ponding, rather than as a result 
of direct capture on the silt fence fabric 
itself. The factors influencing the degree to 
which ponding occurs have been reported 
to include: (a) the geometry and slope of 
the site, with installation on lower gradient 
slopes favouring greater ponding (Kouwen, 
1990; Barrett et al., 1995a, 1998); (b) the  
pore size of the filter fabric (Kouwen, 
1990; Wyant, 1981; Barrett et al., 1995a, 
1998); and (c) the soil particle size 
characteristics, with the presence of finer 
soil particles enhancing clogging, reducing 
permeability and extending detention time 
(Barrett et al., 1995a, 1998). However, 
Line and White (2001) found that silt 
fence performance can be poorer where 
sediment runoff is dominated by clay-sized 
particles, which have a greater tendency to 
remain in suspension. Several authors have 
found that, without regular maintenance, 
silt fences become less effective over time 
(including becoming sediment sources) due 
to sediment accumulation and clogging of 
the filter fabric increasing the likelihood of 
overtopping (Kouwen, 1990; Wyant, 1981; 
Barrett et al., 1995a, 1998). Failure of silt 
fences and hay bales, another common 
temporary practice, has been linked to 
piping: sediment-laden runoff flowing 
underneath poorly installed or poorly 
maintained barrier materials (Kouwen, 
1990). Beyond these findings, the 
performance of temporary sediment control 
practices can only be expected to be as good 
as the quality of their installation. The use 
of vegetated buffers below silt fences has 
been found to enhance fence performance, 
providing an additional filtering mechanism 
that can reduce SSC (Pitt et al., 2007). 

Sediment retention ponds
Sediment retention ponds (SRPs) are 
employed to provide for the settlement and 
capture of suspended sediments in earthworks 
runoff prior to its discharge to receiving 
water bodies (Table 1; Fig. 4). While SRPs 
have been commonplace on New Zealand 
earthwork sites for decades, until recently 
there has been only limited local evidence on 
their performance. Winter (1998) conducted 
monitoring at Albany, north Auckland, 
to investigate the performance of an SRP 
designed and constructed in accordance with 
regional guidelines in effect at the time. The 
pond drained an area of loamy silt and silt 
loam soils, comprising predominantly fine 
sand- and silt-sized particles. Eleven storm 
events were monitored over two periods, 
with the pond reported to remove between 
70% and 99% of the influent sediment load. 
Performance was found to vary inversely with 
the magnitude of peak flows and event mean 
concentrations of suspended sediments. 
While the SRP was found to remove 90% 
of total influent sediment over the period 
of monitoring, effluent suspended sediment 
concentrations were around ten times higher 
than background concentrations in the 
stream upstream of the pond outlet. Periods 
of relatively high SSC and turbidity in the 

Figure 4 – Sediment retention pond, with 
flocculant dosing sheds visible in the 
background.           (photo credit: P. Pattinson)
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pond effluent were observed to coincide 
with reduced pond residence time and the 
bypassing of the floating decant outlet, with 
the pond discharging via its primary manhole 
riser spillway. Other, more recent, New 
Zealand studies of SRPs have investigated 
the influence of chemical treatment on 
performance and these are described below.  

Overseas studies have reported a wide 
variation in the performance of SRPs, with 
sediment removal rates ranging from virtually 
zero to 99% (Nighman and Harbor, 1997; 
McCaleb and McLaughlin, 2008). This 
wide range partly reflects variations in site 
characteristics; for instance, variations in 
removal rates have been associated with 
sediment particle size, with Nighman and 
Harbor (1997) reporting removal rates of 
90% and 63% for silts and clays, respectively. 
Differences in performance also reflect 
variations in the characteristics of ponds 
on operational earthworks projects and the 
experimental nature of some studies involving 
the trialling of alternative pond designs and 
configurations. Better performance of SRPs 
has been found to be promoted by: 
(1)  providing extended detention (hydraulic 

residence) time, enabling finer suspended 
sediments to settle and increasing the 
proportion of influent water that is lost 
via infiltration through the base of the 
pond (Bidelspach et al., 2004); 

(2)  appropriate sizing (Barrett et al., 1995b), 
with performance increasing as a 
function of the pond surface area to peak 
discharge ratio (McBurnie et al., 1990); 

(3)  greater distance between the pond inlet 
and outlet, with performance increasing 
in response to a higher length to width 
ratio (Barrett et al., 1995b; Gharabaghi et 
al., 2006; Pitt et al., 2007); 

(4)  the presence of permanent ponding, as 
opposed to fully drained systems (Pitt 
et al., 2007; McCaleb and McLaughlin, 
2008); 

(5)  pond designs that promote mixing and 
settling by avoiding dead zones and sheet 
flow through the upper part of the water 
column (Nighman and Harbor, 1997; 
Pitt et al., 2007); 

(6)  protection and stabilisation of approach 
channels, inlets and pond side walls 
to prevent erosion (Pitt et al., 2007; 
McCaleb and McLaughlin, 2008); 

(7)  the presence of forebays and baffles, 
which reduce velocity and promote 
sediment settlement but which are not 
readily overtopped (Barrett et al., 1995b); 

(8)  outlets that discharge effluent from the 
pond water surface, rather than from the 
entire water column (Ward et al., 1979); 
and 

(9)  the use of outlet filters, such as gravel or 
expanded polystyrene envelopes fitted to 
outlet risers (Engle and Jarrett, 1995).

Chemical treatment
While research has shown that conventional 
ESC practices can be highly effective at 
reducing the generation of sediment and its 
discharge to receiving water bodies, studies 
both in New Zealand and overseas have 
reported measurements of turbidity and SSC 
in effluent discharged from construction 
sites markedly higher than background 
concentrations and relevant environmental 
guidelines (Winter, 1998; Gharabaghi et al., 
2006; McCaleb and McLaughlin, 2008). In 
particular, ESC practices have been found to 
be less effective at retaining fine soil particles, 
especially clays but also silts, than coarse 
sand-sized particles (Wyant, 1981; Nighman 
and Harbor, 1987; Line and White, 2001; 
Lipscomb et al., 2006). In response, practices 
involving the use of chemicals to enhance the 
physical processes employed in conventional 
ESC have been developed. These approaches 
aim to improve the quality of sediment 
runoff from earthworks sites either by 
binding sediments at source, as an enhanced 
erosion control practice, or by coagulating 
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and/or flocculating suspended fine sediments 
so as to enhance their capture and settlement 
in sediment retention devices (Table 1). 
In New Zealand, chemical treatment has 
particularly been associated with improving 
the performance of SRPs, while its role in 
erosion control appears to have gained more 
attention overseas.

Auckland Regional Council (ARC, 
2004) investigated the performance of SRPs 
dosed with two aluminium-based liquid 
chemicals, alum and polyaluminium chloride 
(PAC), as well as liquid and solid forms 
of polyacrylamide (PAM). In initial trials 
the use of liquid alum was found to result 
in marked reductions in the pH of pond 
effluent, resulting in elevated toxicity of 
residual dissolved aluminium, while practical 
issues were identified in relation to the use 
of PAM. Subsequent trials therefore focused 
on the use of liquid PAC and Magnasol® 
Floc Blocks, a solid form of PAM. Based on 
the results of sampling at 21 SRPs receiving 
runoff from earthworks in clay soils, liquid 
PAC was found to result in SSC reductions of 
90–99% in well-designed ponds. Floc Blocks 
were also found to be effective at reducing 
SSCs, with evidence that their use promoted 
more rapid settlement of suspended solids 
than aluminium coagulant treatments 
because the ‘flocs’ that form are large, dense, 
and fast settling. However, the study reported 
a number of practical limitations on the use 
of Floc Blocks, including their degradation 
in wet conditions and burial during high 
sediment-load events, and subsequent 
research in New Zealand has focused on the 
performance of liquid PAC. 

Reflecting its apparent effectiveness and 
the growing operational use of PAC, ARC 
commissioned a further field study located 
at ALPURT B2 extension of State Highway 
1 north of Auckland (Moores and Pattinson, 
2008). Pond influent and effluent were 
sampled at a pair of identically designed 
sediment retention ponds, one treated 

with PAC and the other untreated (Fig. 5).  
Soils in the study catchment comprised 
predominantly clays and fine silts. The PAC-
treated pond was found to capture at least 68% 
of the combined influent sediment load of 
the seven storm events monitored, compared 
with 30% capture by the untreated pond. 
Performance was reported to be consistent 
across the range of sediment particle sizes 
present in runoff entering the ponds. The 
difference in performance between the ponds 
was most marked during events, or periods 
of events, with relatively high rainfall depths 
and intensities. The estimated sediment 
load discharged from the untreated pond 
during a rainfall event with an estimated 
10-year (or greater) average recurrence 
interval was over four times that discharged 
from the treated pond. However, while the 
treated pond always performed better than 
the untreated pond, sediment load removal 
during some events was as low as 47%. This 
was attributed to possible deficiencies in the 
management of the PAC dosing system. The 
study also analysed effluent water samples 
for residual dissolved aluminium associated 
with PAC treatment. While median dissolved 
aluminium concentrations in effluent 
samples from both ponds were lower than 

Figure 5 – Field study to assess performance 
of paired sediment retention ponds, one 
receiving chemical treatment (left) and one 
untreated (right).       (photo credit: J. Moores)
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the ANZECC (2000) trigger value for a 95 
per cent level of protection, concentrations 
in individual samples exceeded the trigger 
value. The level of exceedance was greater 
in the treated samples than the untreated 
samples and generally coincided with periods 
of increasing flows during the early to mid-
part of each event.

More recent data on the performance of 
chemically treated SRPs has been collected as 
part of compliance monitoring of consented 
earthworks projects. Erosion and sediment 
control consultants monitoring the Silverdale 
North and Long Bay development projects, 
both north of Auckland, have reported 
effluent SSCs routinely lower than influent 
concentrations by 90% or more where ESC 
measures have been correctly managed 
(Basher et al., 2016). Long Bay monitoring 
also indicates that the range of SSCs in the 
effluent discharged from chemically treated 
ponds has been consistent with background 
concentrations in a receiving stream.

Overseas, research into the performance 
of chemical treatments has focused on the 
use of PAM, finding it to be effective in 
both erosion control (applied as a spray or 
dry powder enhancement to conventional 
practices) and sediment control (Roa et al., 
1998; McLaughlin et al., 2009). However, 
contrasting results indicate that the use of 
PAM in erosion control does not necessarily 
improve on the performance of physical 
practices such as mulching and grass seeding 
(Soupir et al., 2004; Hayes et al., 2005; 
McLaughlin and Brown, 2006).

Factors that have been found to influence 
the efficacy of PAM treatments include soil 
properties such as texture and organic matter. 
The presence of relatively high proportions 
of both clay- and silt-sized particles in a soil 
has been found to enhance the performance 
of PAM, for reasons that include the 
likelihood that silt–clay flocs settle out of 
suspension more readily than clay–clay flocs 
(McLaughlin and Bartholomew, 2007). 

Higher organic matter content in soils has 
been found to reduce the efficacy of PAM, 
because of competition for binding sites 
on mineral soil particles which reduces the 
potential for flocs to form (Lu et al., 2002). 
The effectiveness of PAM erosion control 
treatments has also been found to reduce 
with time since application, being unlikely 
to remain effective over a full construction 
season (Soupir et al., 2004). 

Discussion
ESC in New Zealand is regulated by regional 
councils and unitary authorities (referred 
to collectively as regional councils below) 
through regional plan provisions and resource 
consents. Many regional councils have 
published guidelines on ESC best practice 
(for example, Environment Canterbury, 
2007; Environment Waikato, 2009) which, 
in some cases, are now into their second 
generation, reflecting improvements 
informed by the local and international 
research effort described above. For example, 
Auckland Regional Council’s Technical 
Publication 90 (TP90) (ARC, 1999), to 
some extent the ‘industry standard’ for the 
development of guidelines elsewhere in New 
Zealand, has been superseded by Auckland 
Council’s Guideline Document 2016/005 
(often referred to as GD05) (Leersnyder et al., 
2018). While TP90 focused on the design of 
conventional physical management practices, 
GD05 also provides extensive guidance on 
the use of chemical treatment systems for 
sediment control, reflecting the findings of 
New Zealand research on the improvements 
in performance to be gained by employing 
this method. The use of chemical treatment 
is now required (through resource consent 
conditions) in several regions of New 
Zealand, leading to a widespread change in 
practice across the construction sector in 
recent years (a pair of flocculant dosing sheds 
are visible at the rear of the pond shown in 
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Figure 4). Major transport infrastructure 
projects commissioned by the NZTA have 
been at the forefront of the use of chemical 
treatment and the NZTA includes guidance 
on this practice in its own ESC guidelines 
(NZTA, 2014).

Regional councils have also been active 
in promoting the uptake of improved ESC 
practices through industry education, 
including field days and workshops for 
contractors and consultants working in the 
sector (for instance in Auckland, Canterbury 
and Waikato). Education and training 
have also been provided through industry 
organisations such as the International 
Erosion Control Association and there are a 
number of specialist ESC consultancies that 
are active in this field. 

As well as its involvement in education, 
the private sector has also been active in 
bringing new ESC products to market. 
While informed by the international research 
effort reviewed in this paper, this industry-
led innovation also derives from commercial 
research and development initiatives and 
the resulting products are often proprietary 
in nature. Examples include erosion control 
products such as geotextile fabrics, soil 
binders and tackifiers. Geotextile fabrics 
have typically comprised woven or bound 
polymers and these can degrade over 
time. In response, innovation in geotextile 
development has included the use of organic 
products, such as coir and jute, to reduce the 
release of microplastics to the environment. 
Soil binders and tackifiers are treatments 
designed to ‘glue’ soil surfaces, minimising 
dust generation and preventing erosion 
losses. They not only include the use of 
synthetic chemicals such as PAM, but also 
slurries of plant seeds and organic material 
applied to promote the growth of vegetation 
(hydroseeding). This practice is often used as 
an interim erosion control practice on areas 
of earthworks that are yet to be completed 

or not scheduled to be worked for some time 
(e.g., overburden topsoil piles created during 
initial stripping phases). While hydroseeding 
was first conceived in the United States in the 
late 1940s, more recent product development 
by the private sector has led to this method 
becoming widely available in New Zealand 
over the last two decades.

While the local and international research 
effort into the performance of ESC has 
contributed to the evolution in ESC practices, 
there remain areas of significant uncertainty 
and opportunities for further investigation. 
It will be evident to readers that published 
research into the performance of ESC in New 
Zealand is of limited extent, in terms of both 
its temporal and geographical coverage. The 
findings of field studies conducted in the 
Auckland region during the late 1990s and 
early 2000s (e.g., Winter, 1998; ARC, 2004; 
Moores and Pattinson, 2008) may not reflect 
the performance of current best practice 
described in today’s ESC guidelines (e.g., 
Leersnyder, 2018). Similarly, geographical 
differences in soils, topography and climate 
raise uncertainty over the representativeness 
of findings from Auckland studies for other 
regions of New Zealand.

However, the lack of published findings 
on the performance of current best practice 
in design, operation and maintenance (in 
Auckland and elsewhere) does not mean 
that relevant data do not exist. Monitoring 
of ESC for compliance with the conditions 
of resource consents, including performance 
monitoring, occurs on earthworks projects 
throughout New Zealand. As noted earlier, 
Basher et al. (2016) described compliance 
monitoring results collected from SRPs 
installed as part of the Silverdale North 
and Long Bay developments, north of 
Auckland. Significant monitoring efforts 
are also currently in progress as part of the 
Transmission Gully and Northern Gateway 
motorway projects in the Wellington and 
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Auckland regions, respectively (Board 
of Inquiry into the Transmission Gully 
Proposal, 2012; NZTA, n.d.). The results of 
these, and other monitoring exercises, have 
been reported to regional councils and used 
to support subsequent consent applications 
(e.g., Further North Alliance, 2013) but 
have not been subject to comprehensive 
review and publication. The analysis and 
publication of compliance monitoring data 
has the potential to significantly advance 
the current state of knowledge on ESC 
performance in New Zealand and support 
the objective of further improving the design, 
management and assessment of erosion and 
sediment control practices in New Zealand’s 
construction industry. 

In addition to building knowledge from a 
reflective assessment of existing monitoring 
data, a complementary programme of research 
into ESC is needed to support improved 
understanding of the processes underlying 
variations in performance and to foster 
innovation that responds to and anticipates 
changing environmental and societal drivers. 
Here we describe four themes for further 
research and innovation in ESC practice, 
management and assessment. This is not 
considered to be an exhaustive consideration 
of research needs and we emphasise the need 
for any future programme of research to be 
developed and prioritised as a collaborative 
exercise involving ESC practitioners, 
policy makers, regulators and researchers. 
It is important that prioritisation of future 
research considers the complementarity 
between potential improvements in design, 
construction and maintenance. As in 
the example of a chemical dosing system 
failure (Moores and Pattinson, 2008), the 
performance of improved ESC design can 
be undermined where not supported by 
appropriate maintenance. When considering 
research needs and their potential application, 
it is therefore important to consider how 

innovation in design may necessitate research 
into construction and/or maintenance 
methods and vice versa. 

(1) ESC performance in large events 
There is uncertainty over the performance 
of ESC devices in low-frequency, high-
magnitude rainfall events. Other than in 
the case of the largest development and 
infrastructure projects, even the most long-
lasting of ESC practices, SRPs, are generally 
operational for a period of less than five years. 
The probability of performance monitoring 
capturing a low-frequency (say, 20-year 
average recurrence interval), high-magnitude 
storm event is therefore low.

The evidence available from New Zealand 
studies has shown that SRPs perform 
relatively poorly during large or high-
intensity rainfall events, compared to smaller, 
more frequent rainstorms (Winter, 1998; 
Moores and Pattinson, 2008). Observations 
indicate that this poorer performance is 
associated with factors that include reduced 
pond residence time for sediment settling 
to occur, the bypassing of floating decant 
outlets (Winter, 1998) and, in the case 
of chemically treated ponds, failure of 
rainfall-activated PAC dosing systems to 
function throughout a storm (Moores and 
Pattinson, 2008). In addition, high-velocity 
inflows during such events can promote the 
resuspension of deposited sediments in SRPs 
and the potential for this may be enhanced 
by chemical treatment. Where flocculated 
sediments are deposited on the bed of a pond, 
they have the potential to form a low-density 
layer requiring minimal shear strength to re-
entrain and remobilise them into the water 
column.

Uncertainty in performance in large 
storm events is problematic for assessing and 
managing the effects of earthworks projects 
because low-frequency, high-magnitude 
events can deliver a high proportion of 
catchment sediment loads, especially where 
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land cover is already modified (e.g., from 
native forest cover to pastoral: Basher et 
al., 1997; Hughes et al., 2012). In view of 
projections that climate change is likely to 
deliver intense rainfall events more frequently 
over the coming decades (Ministry for the 
Environment, 2018), research to better 
understand the performance of ESC practices 
during low-frequency, high-magnitude 
storm events, and to inform any necessary 
improvements in design and construction, 
will only become more pressing.

(2) Effects-based performance monitoring 
Most studies described in this paper assessed 
performance in terms of the reduction 
in sediment load or SSC achieved by a 
given ESC practice. Relatively few studies 
have assessed the extent to which residual 
sediment in runoff discharged to receiving 
water bodies meets environmental guidelines 
or is consistent with background levels. In 
a New Zealand exception, Winter (1998) 
reported SSCs in SRP effluent an order of 
magnitude higher than background stream 
concentrations, despite the pond apparently 
performing well by removing 90% of the 
influent sediment load. While some of the 
more recent monitoring associated with 
consent compliance has involved monitoring 
streams receiving discharges from earthworks 
sites (Basher et al., 2016), reliance on ESC 
sediment removal alone is an insufficient basis 
to assess whether sediment-related effects in 
receiving waterways are being appropriately 
managed. 

An associated challenge is the establish-
ment of reference conditions against which 
discharge quality from an earthwork site 
can be compared. In catchments where the 
existing land cover is already highly modified, 
for instance for pastoral agriculture, sediment 
runoff is likely to be elevated relative to 
that under the natural land cover (Hicks et 
al., 2004). This gives rise to an increased 
potential for adverse ecological effects 

relating to impaired visual clarity and 
changed habitat quality associated with the 
deposition of fine sediments. Comparison of 
discharge quality from an active earthworks 
site against background SSC or turbidity in 
these situations may reveal the extent of any 
change in water quality but not necessarily 
whether the discharge has the potential to 
cause adverse ecological effects.  

A further area of uncertainty associated 
with receiving environment effects is the 
absence of monitoring data on contaminants 
other than sediment. In the light of evidence 
of occasionally elevated concentrations of 
dissolved aluminium in PAC-treated pond 
effluent (Moores and Pattinson, 2008), 
the widespread use of chemically treated 
SRPs gives rise to the potential for ecotoxic 
effects in receiving waterways. Contributing 
to uncertainty over this potential is the 
transformation of some metals from their 
dissolved to particulate phases (and vice versa) 
under changing environmental conditions, 
such as lowered pH (Gobel et al., 2007) or 
increasing salinity (Ellwood et al., 2008). 
The ratio of dissolved to particulate metals 
forms is important because it influences 
the bioavailability of a metal (Joshi and 
Balasubramanian, 2010). As well as direct 
discharges of dissolved aluminium in SRP 
effluent, resuspended sediments discharged 
from SRPs during high magnitude events 
are a potential source of metal release, via 
the chemical transformation of bound 
aluminium within the receiving environment. 
While effective management of PAC dosing 
systems aims to minimise (if not avoid) 
the potential for discharge of aluminium 
compounds, research on the extent to which 
both residual dissolved and particulate bound 
aluminium can be detected downstream of 
SRP discharges would be informative. 

SRPs also have the potential to act as 
thermal contaminant sources, by discharging 
warm water and raising the temperature of 
receiving water bodies. Monitoring of small 
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on-line rural ponds has shown that they can 
result in marked elevation of downstream 
stream water temperature, with an associated 
reduction in dissolved oxygen concentrations 
(Maxted et al., 2005). While the potential 
for SRPs to result in similar effects is likely 
to be limited to times when rainfall triggers a 
discharge of pond effluent following a period 
of warm weather, this aspect of the effects of 
ESC remains to be investigated. 

(3) Performance of ESC innovations
The design, operation and maintenance 
of ESC practices continues to evolve, but 
the performance of innovations needs to 
be measured and assessed in the field. This 
includes evaluating the local performance 
of proprietary products developed overseas 
and now available in New Zealand as well 
exploratory research, for instance to trial 
alternative chemical treatments and soil 
stabilisation techniques. 

A recent innovation in New Zealand is the 
use of baffles, typically constructed with silt 
fence fabric, in SRPs to promote increased 
settlement and capture of sediment. Overseas 
studies of the performance of baffles have 
yielded mixed results, with examples of some 
baffle configurations having little influence 
on sediment capture and others resulting 
in a deterioration in pond performance 
(Nighman and Harbor, 1997; Thaxton and 
McLaughlin, 2005). The results of a New 
Zealand laboratory study involving a 1:10 
scale physical model found short-circuiting 
and reduced residence time resulted in poor 
performance for situations in which one or 
two baffles were added to the subject pond 
(Khan, 2012). However, the introduction 
of additional baffles was found to increase 
residence time and improve performance. 
Altering baffle mesh material and aperture 
also increased hydraulic performance through 
encouraging low-turbulence flow conditions 
(Farjood et al., 2015). These results indicate 
that, while baffles have the potential to 

be an effective innovation, performance is 
likely to vary markedly in relation to pond 
characteristics and baffle configuration. Field 
evaluation of the types of baffles employed in 
New Zealand would help inform guidance 
on the standardised use of this innovation.

Another aspect of SRP performance that 
could be investigated through experimental 
studies is the design of innovations to 
reduce sediment resuspension and discharge. 
For example, while research has found 
that the presence of permanent ponding 
results in SRPs performing better than fully 
drained systems (Pitt et al., 2007; McCaleb 
and McLaughlin, 2008), the widespread 
chemical treatment of SRPs in New Zealand 
creates conditions in which the benefits of 
permanent ponding should be reassessed. 
The requirement for SRP design to provide 
for permanent ponding or ‘dead storage’ 
(for example, retaining 30% of volume; 
Leersynder et al., 2018) aims to slow 
incoming surface water flows, dissipating 
energy into the retained water and promoting 
the settlement of sediment. The addition of 
chemical treatment to SRPs results in greater 
capture of flocculated fine clay particles, but 
because of their relatively low density these 
flocs are likely to be more easily re-entrained 
into the water column of the dead storage 
zone. This raises a question over whether 
conventional approaches to the design and 
maintenance of SRPs are appropriate for 
chemically treated ponds, with the potential 
for wind-generated resuspension of fine 
sediments likely to increase with pond 
surface area and fetch. Research to address 
this knowledge gap should aim to explore 
aspects such as sizing and shape of SRPs, the 
design and placement of forebays that reduce 
loading of the main pond, and maintenance 
techniques and frequency. 

Alternatives to requiring permanent 
ponding, such as a sub-drainage system 
that allows full drainage through the bed 
of the SRP between storms, should also 
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be investigated. This type of approach has 
the potential to improve performance in 
two ways: making SRP maintenance more 
effective by giving easier access for removal 
of deposited sediments, and increasing the 
available storage capacity of the SRP, resulting 
in a reduction in the frequency of effluent 
discharges.

While, consistent with the scope of this 
review, the discussion above focuses on 
innovation in structural ESC practices, 
consideration should also be given to 
research needs to investigate the effectiveness 
of innovation in the planning and 
implementation of non-structural practices. 
Potential non-structural research topics 
include the influence on ESC performance 
of alternative approaches to sequencing and 
staging works, including the effect of allowing 
winter works on sediment generation and 
discharge and alternative ways of managing 
these works. As well as in situ monitoring 
on active construction sites, the use of 
hydrological and sediment models provides 
a complementary method for comparing a 
range of alternative sequencing and staging 
scenarios. Other non-structural research 
could attempt to quantify the benefit of 
having active ESC expertise present on 
earthworks sites, for instance in monitoring 
and responding to forecast rainfall and 
proactively inspecting and maintaining 
ESC devices to avert potential failure or 
poor performance. With better evidence on 
the effectiveness of these, and other, non-
structural methods comes the potential to 
embed improved practices in policy, guidance 
and industry education.   

(4) Innovation in evaluating performance
As well as continued innovation in the design 
and operation of ESC, new and widely 
accessible observational technologies provide 
an opportunity for innovation in evaluating 
ESC performance. This opportunity is 
associated with a growing community 

awareness of, and interest in avoiding, the 
potential effects of earthworks projects on 
receiving water bodies. Rapid technological 
improvement in cameras, mobile phones 
and drones has already resulted in informal 
community monitoring of earthworks, 
and the ability of visual imagery of turbid 
waterways to be shared across social media 
has resulted in pressure being applied to some 
large-scale earthworks projects.

A community-participatory evaluation 
of ESC performance involves adopting a 
wider values-based view of performance that 
moves beyond a simple target reduction in 
sediment runoff. Key to a new approach is 
the development of an explicit understanding 
of the relationship between the water quality 
resulting from ESC discharges and the values 
supported by receiving environments. As 
well as the need to consider discharge quality 
through its potential effects on ecological 
values, freshwater and coastal management 
in New Zealand is increasingly charged with 
considering social and cultural functions of 
water quality, including recreation, food 
gathering and intrinsic values (New Zealand 
Government, 2017). Impacts on these types 
of value are difficult to assess through reliance 
on a conventional ESC load reduction 
performance metric or even localised 
receiving environment monitoring, which 
may fail to consider cumulative or far-field 
effects.

Enabling community participation 
through citizen science and community 
monitoring programmes has been shown to 
complement traditional scientific practice 
in a wide range of research fields (Buytaert 
et al., 2014) and provides a mechanism for 
better understanding and managing the 
potential impacts of development projects on 
community values. The ‘crowd-sourcing’ of 
monitoring, along with allowing co-creation 
of programmes, has been shown to be cost-
effective and can establish strong ties between 
institutional organisations and communities 
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(Njue et al., 2019). Monitoring approaches 
range from allowing the use of ‘volunteered 
geographic information’  ( informal 
information such as photo or video imagery 
captured through spur-of-the-moment 
opportunism) to observations by citizens 
who have been trained in data collection.

Involving communities in the monitoring 
and evaluation of earthworks has the 
potential to support a more comprehensive 
effects assessment than conventional 
approaches. The development of cheap IoT-
based sensors, including camera systems, 
provides an opportunity to establish dense 
spatial information-gathering networks that 
extend data collection beyond a conventional 
comparison of water quality immediately 
upstream and downstream of a sediment 
discharge. Involvement in monitoring 
can also foster community engagement, 
with participants in community-based 
monitoring reporting a better understanding 
of environmental processes (Gray et al., 
2017). Closer engagement gives rise to a 
greater potential for shared understanding 
of developer and community aspirations, 
the limits on achieving those aspirations and 
potential compromises or mitigation.

However, while also providing an 
opportunity to build trust, development 
projects can be contentious and community 
aspirations will not necessarily be always met, 
even where developers and communities 
agree to work together to monitor project 
outcomes. Data collected may not be reflected 
in management decision making, let alone 
changes in conservation outcomes (Conrad 
and Hilchey, 2011). This is reinforced 
through previous research that has found that 
how citizens and communities feel about the 
effectiveness of programmes is often linked to 
the degree of technical support, collaboration 
and co-creation between the parties involved 
(Gray et al., 2017). Clearly, for citizen 
science-based approaches to be effective 

in fostering better outcomes, there exists a 
need to investigate the forms of community-
gathered data, and methods of collection, 
that will enable its acceptance for informing 
decision-making processes.

Conclusions
Research conducted in New Zealand and 
overseas indicates that erosion and sediment 
control practices markedly reduce the 
quantity of sediment that would otherwise 
be discharged to receiving water bodies 
by the construction industry. Research 
findings have also informed improvements in 
practice, notably the application of chemical 
treatments that enhance the performance of 
physically based controls. However, there is 
a need to assess the performance of current 
best practice ESC by reviewing compliance 
monitoring data generated by consented 
earthworks projects. In addition, there 
remain areas for further research, especially 
to investigate performance during extreme 
rainfall events, and the implications of this on 
performance under a changed climate, and to 
build a more comprehensive understanding 
of the performance of best practice ESC in 
terms of receiving environment outcomes. 
Finally, there remain opportunities for 
research to support further innovation, both 
in the design and operation of ESC and in 
the way in which community participation 
in ESC monitoring and evaluation can be 
enabled and contribute to improved decision 
making.
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