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Foreword
Deposition of fine sediment in Canterbury’s waterways is adversely affecting water quality
and ecosystem health. Runoff from recently disturbed sites contains considerably higher
concentrations of suspended solids than from vegetated or impervious land. To stop this
sediment from reaching our waterways and damaging ecosystems, those undertaking
earthworks need to implement effective erosion and sediment controls.
Major differences in relief from steep loess-covered hills, rolling submontane lands, and
mountainous terrain through to extensive plains pose varied challenges to land developers in
Canterbury with regard to erosion and sediment control.
Responding to these challenges demands a flexible yet robust approach to managing
development that enables erosion and sediment controls to reflect the constraints of widely
differing sites.
The development of this guideline, based on specific issues and environmental
characteristics of Canterbury, is a critical step toward providing developers, consultants and
contractors with information on a range of erosion and sediment control practices to
minimise the adverse environmental effects of sediment discharges.
To achieve improvements in erosion and sediment control in Canterbury this guideline needs
to be supported by:
•
•

Ongoing development of the necessary technical skills and resources, including this
guideline; and
Positive and effective communications amongst industry, community and regulators.

Through the publication of this guideline, Environment Canterbury aims to lead the
improvement in erosion and sediment control in Canterbury, allowing the region to enjoy the
benefits of growth while minimising the potential adverse effects of development on our
environment.

Dr Bryan Jenkins
Chief Executive
Environment Canterbury
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Quick introduction to the guideline
Scope
This guideline provides information that helps people to minimise the adverse environmental
effects of surface erosion and the discharge of sediment from the development of land.
The practices and procedures in this guideline apply to erosion and sediment control from
temporary land-disturbing and vegetation removal activities associated with:
•
residential subdivisions
•
large-scale roading
•
industrial estates
•
development of tracking for forestry or agriculture
•
quarries
•
cleanfills and landfills
•
related works including stream works, installation of utility services and housing
construction on individual small sites.
An information leaflet on control of sediment runoff from mature industrial sites has been
developed to accompany this guideline and is part of Environment Canterbury’s Pollution
Prevention Guide.

Who should use it
This guideline is intended for use by:
•

developers, consultants and contractors who are involved with earthworks

•

territorial local authority and Environment Canterbury staff who are assessing resource
consent applications and carrying out compliance monitoring of consented works and
permitted activities under the Resource Management Act.

Note
Following these Guidelines will not necessarily ensure compliance with rules in regional,
district and city plans and the conditions on resource consents required to undertake these
activities. Before commencing any earthworks you must obtain all the necessary consents
from the relevant district, city and regional councils.

How to use it
1st

Scan the whole thing. All users of this guideline, but especially first-time users, will
benefit from scanning the entire document in order to understand its aims, the
general concepts of erosion and sedimentation and the different control options
available.

2nd

Grasp the principles. Go to sections 3 and 4 to see how preventing erosion and
capturing sediment are very different processes: once you appreciate this, you will
be able to use the different controls for each process more cost-effectively.
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3rd

Get the big picture. Use section 5 to choose and use the various controls together
within the over-all context of a site and its progressive development, and to prepare
an erosion and sediment control plan.

4th

Drill into the detail. Compare the different practices with each other and get a sense of
their strengths and limitations for the different land types in the Canterbury region as
described in sections 6 - 10. This will help you make the most effective use of each
one.

5th

Focus on management. Read step 6 in section 5 to make sure you integrate erosion
and sediment control into your every-day site management procedures. This will
build your expertise and confidence – and help you make sure that your site
complies with its consent conditions or the permitted activity standards.

Support
Call Environment Canterbury on (03) 365 3828 if you would like more help interpreting the
guideline, or want to seek expert advice about applying the controls to a particular site.

Feedback on a work in progress
This guideline is a working document that reflects best practice as at 2006. It will be updated
as new technology, knowledge or research becomes available. Environment Canterbury
welcomes any feedback on this guideline and the procedures and practices within it, as well
as any additional information that could help develop it further.
Please fill out the feedback form on our website, at www.ecan.govt.nz.

Referencing
This publication should be referenced as:
Environment Canterbury, 2007. Erosion and sediment control guidelines for the
Canterbury region. Report No. R06/23, Canterbury Regional Council, Christchurch,
New Zealand. ISBN No. 1-86937-607-2.
It is available on the Environment Canterbury website at www.ecan.govt.nz.

Copyright
© Copyright. This publication is subject to the Copyright Act 1994 and Environment
Canterbury copyright. The downloading and copying of this publication for practical use is
welcomed. No other use or adaptation of this work is permitted without the prior consent of
the copyright holder. All applications for reproduction of this work for any other purpose
should be made to Environment Canterbury.
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Disclaimer
The information in this guideline is accurate to the best of the knowledge and belief of
Environment Canterbury. It is a first-time collation and adaptation for the Canterbury region
and may not fully reflect the full variety of development sites and constraints. While
Environment Canterbury has exercised all reasonable skill and care in the preparation of
information in this guideline, it does not accept any liability in contract, tort or otherwise for
any loss, damage, injury or expense, whether direct, indirect or consequential, arising out of
the provision of information in this guideline.
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1

About this guideline

1.1 Aims of the guideline
This guideline aims to provide information on how to minimise adverse environmental effects
on waterways of surface erosion and the resulting discharge of sediment from earthworks
by:
•

promoting understanding of the principles of erosion and sediment control as they
specifically apply to Canterbury’s landforms, soils and climate;

•

providing users with a comprehensive set of erosion and sediment control practices and
procedures; and

•

guiding users on how to use these practices and procedures during project design,
construction, operation, maintenance and decommissioning.

This guideline is not a statutory document. It is a living document that will be reviewed and
updated as new knowledge and technology become available.

1.2 Scope of the guideline: what’s in it and what’s not
The practices and procedures in this guideline apply to erosion and sediment control from
temporary land-disturbing and vegetation removal activities associated with:
•
residential or commercial subdivisions and the development of industrial estates;
•
large-scale roading;
•
development of tracking for forestry or agriculture;
•
quarries;
•
cleanfills and landfills; and
•
related works, including stream works, installation of utility services and housing
construction on individual small sites.
This guideline is not intended to:
•

control erosion and sedimentation associated with agricultural cultivation, other rural land
uses or forestry harvesting: people undertaking these activities should refer to industry
guidelines that outline the specialised controls needed for these activities;

•

include specialised controls needed for mass movement, stream bank or coastal
erosion: people needing help with those forms of erosion should seek information from
geotechnical specialists. While inadequate erosion and sediment control practices may
trigger slope failure (mass movement) on vulnerable lands such as the steep loess
slopes on Banks Peninsula, their intelligent and conscientious use should avoid this. The
presence of severe erosion of these types may indicate that a site is unsuitable for
development, but this guideline does not address such geotechnical matters,
which are the province of the land use planning and consenting process;

•

address matters relating to pumping or diversion of groundwater (apart from observing
that groundwater should be disposed of into the same catchment from which it is
removed); or

•

control the management of stormwater or groundwater from developed areas and the
naturalisation of existing urban waterways. The banks and beds of ephemeral and
perennial watercourses are vulnerable to increased erosion from both the earthworks
phase and the completed urbanisation of the catchment and its subsequent hydrological
changes. For more information on that topic, Canterbury users should refer to the
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Christchurch City Council Waterways, wetlands and drainage guide (2003) and the
NZWERF On-site Stormwater Management Guideline (2004) listed in the references.
The guideline applies throughout Canterbury, and recommendations for use of various
measures reflect the variety of soils and landforms in the region and their associated
environmental risks. A comprehensive set of erosion and sediment control practices and
their design, construction, operation, maintenance and decommissioning is in Part B of this
guideline.
Section 5 gives some guidance on how to use these practices separately and together by
assessing each site and its management in the over-all context of Canterbury’s landforms,
soils and climate.

1.3 The need for the guideline
Deposition of fine sediment in Canterbury’s lowland streams has adversely affected water
quality and ecosystem health.
During rainfall events, runoff from recently disturbed sites entrains considerably higher
concentrations of suspended solids than from vegetated or impervious land. More of the
sediments from disturbed sites are fine particles that are more damaging in the receiving
environment. Furthermore, the slow velocities of lowland streams means that sediment
settles out onto the stream bed relatively quickly and takes a long time to move downstream
and out of the system. Even short duration discharges of high silt loads can have long-term
detrimental impacts. Based on observations of many of Canterbury’s urban streams, the rate
of sediment input has exceeded the rate of export, thus resulting in siltation of stream beds.
Impacts of sediment input to streams, lakes, estuaries and other water bodies includes:
•

biological effects, including:
o
o
o
o
o

4

smothering of plants;
abrasion and possible death of stream insects such as stoneflies and mayflies
that fish eat, as well as the fish themselves;
smothering stream-bed gravels inhabited by insects and used by fish for
spawning;
reduced light levels; and
excessive siltation of stream beds encouraging weed growth and providing a
source for ongoing suspension of fine sediment, resulting in permanently turbid
water;

•

blocked channels, which cause:
o reduced hydraulic efficiency and increased flood risk;
o risk of environmental damage from remedial works;

•

effects on water users for irrigation, stock and domestic water supplies, as well as filling
of dams;

•

amenity effects, including aesthetic and recreational values;

•

damage to property and public utilities from sediment settling out on property or in pipes;
and

•

effects on matters of significance to tangata whenua, including:
o water quality and the mauri of waters, for example fishery values;
o customary rights;
o kaitiaki initiatives and responsibilities.
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As shown in Figure 1.1, sediment is a highly visible pollutant which adversely affects the
cultural, aesthetic and recreational values of waterways. Growing environmental awareness
and expectations mean the community now demands that the construction industry take a
more responsible and proactive approach to environmental management.
This guideline aims to help the industry meet legislative and community expectations by
protecting waterways from the adverse effects of earthworks.

1.4 How the guideline was developed
This guideline was developed by assessing existing erosion and sediment control guidelines
to select a core group of erosion and sediment control practices that would provide the best
local relevance and completeness for the Canterbury region. Drawing on councils,
consultants and contractors’ local knowledge of the Canterbury environment, together with
the authors’ combined 50-odd years of experience on operational earthworks sites, these
practices were adapted for use in Canterbury. This work involved considerable synthesis and
adaptation based on professional judgement, and in keeping with the style of other
guidelines and in order to avoid repetitive referencing in the practices themselves (which are
working documents for use on earthworks sites), it was considered that an integrated
reference list was a more accurate reflection of the research done. Accordingly, the source
guidelines used are listed in Part D.
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Figure 1.1
Source

Effects of sediment on receiving environments
Environment Canterbury

Lack of erosion and sediment controls on earthworks has major environmental impacts downstream. The right-hand image shows
the sediment plume 1.8km below the discharge and 2.4km below where the machinery was working in the image on the left.

Healthy aquatic plants should be bright green, as in the left-hand photo. The plants in the photo on the right are covered in fine
sediment. Fine sediment coats and suffocates aquatic plants, reducing food sources and habitat for stream life. If such inputs
continue over long periods of time, desirable plants and animals die off or move on, changing the whole ecology of the stream.

Clean gravels like those in the left-hand photo are very important for healthy streams, with many aquatic species laying eggs and
reproducing in them. Fine sediment clogs gravels as shown in the right-hand photo, reducing the circulation of oxygen-rich water
to stream insects and around fish eggs, greatly reducing survival rates.

6
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1.5 Benefits of good erosion and sediment control
Good erosion and sediment control is good business and good engineering practice. A little
extra effort reduces environmental risk and liability and the results are easy to see. The
following benefits and cost savings of good erosion and sediment control have been
demonstrated many times on projects in other parts of New Zealand and throughout the
world:
•

protection of site assets and reduced maintenance costs: good erosion and sediment controls
minimise damage from uncontrolled water flows to areas such as cut and fill slopes;
partially formed roads, verges, shoulders and table drains; abutments and bridge
foundations; gully pits, field inlets, culverts and pipes;

•

reduced downtime and construction delays: good erosion and sediment control means less
time, resources and money spent on repair, rework or clean-up of damaged areas.
Keeping sediment out of drains and culverts maintains their hydraulic capacity and
improves site and public safety;

•

commercial and community benefits: erosion and sediment control enhances the credibility
and reputation of both contractor and principal, with fewer public complaints about dust
and mud on roads and in streams; reduced potential for fines and/or litigation and
reduced compliance costs;

•

effective environmental protection: protection of soil resources means reduced sediment
deposition, turbidity, nutrient enrichment and general contamination of water bodies;
less damage to aquatic, estuarine and riparian ecosystems; preservation of habitat and
maintenance of biodiversity;

•

community benefits: maintenance of capacity in drainage facilities and watercourses
reduces flood potential; maximises storage capacity in reservoirs and water supply dams
and results in a reduction in water treatment costs, improving visual and recreational
amenity values.

Effective erosion and sediment control protects work sites and community assets and
infrastructure, as well as Canterbury’s highly valued and unique natural environment – a win
for everyone.

1.6 Regulatory framework for earthworks and associated
sediment discharges in Canterbury
There is ample case law from all around New Zealand to demonstrate that sediment from
earthwork sites is a potential environmental pollutant. The Resource Management Act 1991
(RMA) makes every person responsible for ensuring their activities and those of their
employees do not contribute to pollution of our environment.
Regional and district councils have specific functions under the RMA to manage land use
and discharges in order to maintain water quality and to protect important in-stream habitat
and biodiversity values. Specifically, section 15 of the RMA states that it is illegal to allow
any contaminant – including sediment – to enter water either directly, through the stormwater
system or via the contamination of land, unless it has been expressly authorised by a
regional rule or a resource consent.
The broad planning framework for managing resources in Canterbury is set out in
Environment Canterbury’s Regional Policy Statement. More specific and directly enforceable
regional plans relating to controls on activities likely to take place during earthworks include:
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•

The Land and Vegetation Management Regional Plans for Kaikoura East Coast (Part I)
and the Port Hills (Part II), addressing the management of earthworks and
vegetation clearance.

•

The Proposed Natural Resources Regional Plan (NRRP) – Chapters 4: Water Quality
and 8: Soil Conservation.

•

The Transitional Regional Plan for Canterbury.

•

The Transitional Regional Plan for the Nelson-Marlborough Region as it applies within
the Kaikoura District – incorporating Plan Changes 1 & 2.

These plans can be found on the Environment Canterbury website.
The city and district councils in the region also have rules relating to earthworks and stream
works, and these are set out in the relevant district plans.
Together, these regional, city and district council documents set out which earthworks and
discharge activities are:
•

permitted activities, for which a consent application is not required, but for which all
specified conditions in the rules must be met. If these conditions cannot be met, than a
resource consent is required;

•

controlled, discretionary, and non-complying activities for which a resource consent
application is needed, especially for discharges (water quality and quantity) and
vegetation removal.

1.6.1

Permitted activities and the erosion and sediment control guideline

Although permitted activities do not need a resource consent, they must nevertheless meet
all the relevant conditions of the rules set out in the relevant regional and/or district plan.
For earthworks and vegetation removal, Environment Canterbury rules are detailed in the
Land and Vegetation Management Regional Plan and Transitional Regional Plan. Chapter 4,
Water Quality, of the Proposed NRRP also contains rules relating to discharges of
contaminants and vegetation clearance and soil disturbance along riparian margins. Chapter
8, Soil Conservation, of the Proposed NRRP outlines Environment Canterbury’s polices and
objectives for soil conservation, but does not contain rules.
City and district councils in the region also have various permitted activity conditions for
vegetation removal, soil disturbance and excavations.
Some of the practices and procedures in this guideline will help people who are carrying out
permitted activities to meet the environmental performance requirements of permitted
activities.

1.6.2

Resource consent applications and the erosion and sediment control
guideline

Where the earthworks associated with a development do not comply with conditions in
permitted activity rules under the relevant plans, a land use, earthworks and/or a discharge
consent will be required from Environment Canterbury and/or the relevant city or district
council.
Schedule 4 of the RMA requires consent applicants to prepare an assessment of
environmental effects (AEE). These requirements are set out clearly in regional and district
plans, and applicants should refer to these plans for guidance.

8
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For Environment Canterbury consent applicants, Chapter 1, section 1.3.4 of the Proposed
NRRP outlines the procedures for applying for a resource consent from Environment
Canterbury, while Chapter 4, section 4.7 of the Proposed NRRP describes particular
information that is required in order to audit a resource consent application made under the
rules in that chapter.
This guideline will help consent applicants to prepare an erosion and sediment control plan
to meet these RMA requirements and the conditions attached to any granted resource
consents.
Typical conditions for earthworks and related consents include:
•

a requirement to take all practicable measures during construction to minimise
discharges off site and to water;

•

an erosion and sediment control plan condition requiring the consent holder to undertake
specific mitigation measures; and

•

a requirement to design, build, operate, maintain and decommission the relevant works
associated with the development, generally in accordance with the erosion and sediment
control guideline.

This guideline does not traverse the requirements under legislation other than the Resource
Management Act, or set out the policy, plan or resource consent requirements for earthworks
and associated discharges of contaminants off site. Users of the guideline are referred to the
websites and customer service centres of Environment Canterbury (www.ecan.govt.nz or
0800 EC INFO) and the city and district councils in the region for more information.
Table 1.1

Contact details for local authorities in the Canterbury region

Regional Authority

Contacts

Environment Canterbury

Phone: 0800 324 636
Email: ecinfo@ecan.govt.nz
Website: www.ecan.govt.nz

Local Authority
Kaikoura District Council

Phone:(03) 319 5026
Email: kdc@kaikoura.govt.nz
Website: www.kaikoura.govt.nz

Hurunui District Council

Phone:(03) 314 8816
Email: info@hurunui.govt.nz
Website: www.hurunui.govt.nz

Waimakariri District
Council

Phone: (03) 313 6136
Email: office@wmk.govt.nz
Website: www.wmk.govt.nz

Christchurch City
Council

Phone: (03) 941 8999
Email: info@ccc.govt.nz
Website: www.ccc.govt.nz

Selwyn District Council

Phone: (03) 324 8080 or (03) 318 8338
Email: admin@selwyn.govt.nz
Website: www.selwyn.govt.nz
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10

Ashburton District
Council

Phone: (03) 307 7700
Email: info@ashburtondc.govt.nz
Website: www.ashburtondc.govt.nz

Timaru District Council

Phone: (03) 687 7200
Email: enquiry@timdc.govt.nz
Website: www.timaru.govt.nz

Mackenzie District
Council

Phone: (03) 685 8514 or 0800 685 8514
Email: info@mackenzie.govt.nz
Website: www.mackenzie.govt.nz

Waimate District Council

Phone: (03) 689 8079
Email: brent@waimatedc.govt.nz or
andrew@waimatedc.govt.nz
Website: www.waimatedc.govt.nz

Waitaki District Council

Phone: (03) 434 8060 or 0800 108 081 (within the district)
Email: csunit@waitaki.govt.nz
Website: www.waitaki.govt.nz
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2

Key design assumptions

In preparing this guideline, a number of decisions and assumptions had to be made. These
decisions influence the design standard of the measures included in sections 6-10 and are
summarised below. These assumptions are included in more detail in Appendix A, with the
aim of ensuring technical transparency and promoting robust critique and, if necessary,
assisting the future revision of the guideline.

2.1 Best practicable option (BPO) approach
This guideline takes a best practicable option (BPO) approach to the management of erosion
and sediment control. In relation to a discharge of a contaminant (among other things), BPO
means the best way of preventing or minimising the adverse effects on the environment
having regard, among other things, to:
•
the nature of the discharge or emission and the sensitivity of the receiving environment
to adverse effects;
•
the financial implications, and the effects on the environment of that option when
compared with other options; and
•
the current state of technical knowledge and the likelihood that the option can be
successfully applied.
The use of a BPO approach does not remove the responsibility of those carrying out
activities to comply with the relevant policies and rules set out in regional and/or district plans
and, where applicable, resource consents. Rather, it is critical that compliance with the
discharge and water quality standards set out in the Regional Plans should be the foremost
consideration in the BPO approach to erosion and sediment control.

2.2 Design storms
To maximise the effectiveness of the BPO approach, a robust design storm is needed. The
most widely used design storms for erosion and sediment control in New Zealand are the 20
percent and 5 percent annual exceedance probability (AEP) (or 5 and 20-year return period)
storms. Disproportionately more sediment is generated by the larger storms, and this is why
the larger but more infrequent storm event is often used.
While much of Canterbury has lower rainfalls than other regions, some Canterbury soils,
especially loess soils on steep slopes, are highly vulnerable to erosion. This makes it
prudent to use the 20-year storm for runoff control practices and the 50-year storm for
secondary overflow design.
Rainfall information from the 2003 Christchurch City Council Waterways Manual (CCC,
2003) has been used in the preparation of this guideline because it contains the best
available representative rainfall data for some of the main areas currently undergoing rapid
development in Canterbury.
Beyond Christchurch City, users of this guideline are encouraged to recalculate the design
storms using more detailed local rainfall information, if available, in consultation with
Environment Canterbury staff. Such local rainfall data may be available from:
•

Environment Canterbury;

•

the relevant city or district council; and/or

•

the report on the frequency of high intensity rainfall events in Christchurch (Pearson,
1992).
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If local data is not available, the following sources are recommended:
•

for Christchurch, the Port Hills and Banks Peninsula apply as a minimum the rainfall
intensities and methods specified in the Christchurch City Council (CCC) Waterways,
Wetlands Drainage Guide (CCC 2003) based on the Pearson study (1992);

•

for Christchurch’s surrounding environments south of the Waimakariri River, those parts
of the Selwyn District Council out to and including Rolleston, Lincoln and Taitapu as a
minimum use the Pearson study (1992), as rainfall data in these areas were included in
the study;

•

for the Timaru District, apply the local study carried out by Opus (1999) for the Timaru
District Council;

•

for areas of Canterbury outside that specified above, where local studies have not been
undertaken or no appropriate information is available, e.g. local rainfall data, the latest
version of HIRDS can be used.

Runoff flow rates
The 20-year (5 percent AEP) rainfall event is used in the design of the run-on control and
drainage diversion and conveyance structures described in section 6.3 (Water management
– concentrated water flows). This is a conservative approach to environmental protection.
Secondary overflow
The 50-year, 10-minute rainfall event has been used to design sediment retention pond
spillways, as a precautionary approach to managing health and safety.
Storage
A smaller design storm has been used for sediment control measures that retain water for
treatment, such as ponds and decanting earth bunds. This is in order to achieve a realistic
balance between minimising the risk to the environment and the size and expense of control
measures. A comparative analysis was undertaken with the pond sizing criteria used in
Auckland, because there is information available on pond effectiveness in that region. On the
basis of this and local experience, the 10-hour twenty percent AEP (five-year) storm has
been selected by Canterbury earthworks industry representatives and Environment
Canterbury as the basis on which to size sediment retention ponds. While still being a
conservative approach, the result is that smaller ponds than those used in Auckland are
possible in most places around Canterbury.
Appendix A2 has more information about the design storm selected for sizing sediment
retention ponds.
Site-specific assessment
The design storms used above may not be appropriate for all areas and may not ensure
mitigation of all adverse effects at all sites. A site-specific assessment of environmental
effects must be carried out for every site and it may sometimes be appropriate to recalculate
design storms on a case-by-case basis, especially where accurate long-term local rainfall
information is available.

2.3 Focus on a core of robust erosion and sediment control
practices
This guideline aims to be a user-friendly resource for those designing erosion and sediment
control plans and those using the practices on the ground. It is not a definitive compendium
of all possible practices, but a toolbox of tried and tested practices that will work well for
earthworks in the Canterbury region. The practices included in sections 6–10 give

12
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practitioners a lot of choices from which to select a series that will meet the particular
characteristics of a wide range of sites.
The guideline includes some newer techniques not commonly used elsewhere in New
Zealand, such as bonded fibre matrices (BFMs) and erosion and sediment control blankets,
that may have particular application to Canterbury.
This guideline does not include:
• chemical treatment systems, pending demonstration of a requirement for their use in the
context of Canterbury’s soils and effects on receiving environments; and
• a number of commercially available proprietary products, because their inclusion could
quickly outdate the guideline as new products are developed, and the efficiency of some
products is yet to be verified.
This should not deter people from using products and measures that are deemed reliable in
performing to a standard acceptable to Environment Canterbury and the relevant territorial
authority.
This document is a guideline – not a rule book. Each site is different and section 5 aims to
help practitioners mix and match a range of practices to suit individual site needs. This
guideline encourages practitioners to recognise the different range of land types in
Canterbury and understand the design capabilities of different erosion and sediment control
measures, while also encouraging them to develop flexible and innovative solutions to their
development.

2.4 Defining slope in percent, ratios and degrees
This guideline targets engineers who are designing and contractors who are building the
erosion and sediment control practices described in Part B. Amongst engineers involved in
the earthworks industry, the convention for defining slope is that:
• the general slope of landforms is expressed in percent;
• the angle of contour drains and other water-conveying structures is expressed in
percent;
• constructed slopes such as cut or fill slopes are expressed as ratios h:v, such that a 4:1
slope means that for every 4 units of horizontal distance there is 1 unit of vertical change
either up or down.
This guideline follows that convention. Table 2.1 shows how the conventions relate to each
other.
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Table 2.1
Source:

Conversion between different slope measures
Forest Industries Training, 2000

%

Grade (h:1v)

Degrees

%

Grade (h:1v)

Degrees

2

50:1

1

49

2.0:1

26

3

33

2

51

2.0

27

5

20

3

53

1.9

28

7

14

4

55

1.8

29

9

11.1

5

58

1.7

30

11

9.1

6

60

1.7

31

12

8.3

7

62

1.6

32

14

7.1

8

65

1.5

33

16

6.3

9

67

1.5

34

18

5.6

10

70

1.4

35

19

5.3

11

73

1.4

36

21

4.8

12

75

1.3

37

23

4.3

13

78

1.3

38

25

4.0

14

81

1.2

39

27

3.7

15

84

1.2

40

29

3.4

16

87

1.1

41

31

3.2

17

90

1.1

42

32

3.1

18

93

1.1

43

34

2.9

19

97

1.0

44

36

2.8

20

100

1.0

45

38

2.6

21

104

1.0

46

40

2.5

22

107

0.9

47

42

2.4

23

111

0.9

48

45

2.2

24

115

0.9

49

47

2.1

25

119

0.9

50

2.5 Effectiveness of erosion and sediment control practices
If correctly deployed as indicated in Parts B and C, the BPO practices in this guideline will
make a significant contribution towards the goal of reducing the adverse environmental
effects of earthworks. The practices themselves have been selected on the basis of their
ability to provide solutions on sites with a range of constraints (for example, for small as well
as large catchment areas) and their relevance to Canterbury, as well as cost-effectiveness.
The actual effectiveness of practices on a given site will depend on how appropriately they
are initially selected, how well they are put together in the context of an integrated erosion
and sediment control plan, and how well they are built and maintained. If all of these aspects
are done well, all the measures in this guideline will achieve a moderate to high
effectiveness. If any of these aspects are poorly done, then their effectiveness will be low,
and in extreme cases they could cause erosion and land instability if they concentrate flows
without managing them well.
In specific terms, the effectiveness of sediment control practices can only be evaluated by
field trials. Environment Canterbury will be verifying the effectiveness of selected measures
14
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for Canterbury as part of its erosion and sediment control programme. Table 2.2 sets out
known information for some key practices, but it should be noted that results are highly
dependent on soil types, slope gradient, slope length and rainfall patterns, and may not be
directly transferable to the Canterbury region.
In general terms, the prevention of erosion is the most cost-effective environmental control,
so the effectiveness of well planned, constructed and maintained erosion control practices is
likely to be very high for events within the design limitations specified.
Table 2.2

Effectiveness of erosion and sediment control practices

Practice

Effectiveness

Source and comments

Dust control
(section 6.1.2)

Institution of Engineers, Australia, 1996):
Covering 30% of the soil surface with nonerodible material will reduce soil losses by 80%.

Surface
protection
(section 6.2)

65-99%

Centre for Watershed Protection (1997)
USA data (Portland, Oregon and Washington).
Lists the results of a number of trials on gravels to
clay for straw, fibre mulch, wood fibre, jute,
synthetic geotextiles and debris/leaf compost.

Vegetative filter
strip (section
7.1.1)

56–95%

Leeds et al (no date, assumed to be 1994).
USA data studies of reducing sediment and
nutrients in sheet flow runoff from cropland
(not earthworks sites). The results indicate that
filter strips are somewhat to very effective in
removing sediment from runoff, depending on
soil characteristics, slope, rainfall and runoff
conditions, and filter width. One study using a
filter width greater than eight feet (2.44m)
showed very little increase in effectiveness, at
least for those study conditions. Another
indicated
no
improvement
in
filter
effectiveness beyond a thirty-foot (9.15m) filter
width. The effectiveness of vegetative buffer
strips will be dependent upon the species of
grasses being used and their consequent
growth habit, their height (e.g. mowing) and
the percentage ground cover.

Sediment fence
(section 7.1.3)

36 a?–86 b %
75%c
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Centre for Watershed Protection (1997)
USA data (Portland, Oregon and Washington).
Lists the results of a number of trials:
a
34% slopes
b
gravelly sandy loam
c
theoretical maximum for silty soils based on
settling rates.
Note that the efficiency of sediment fences will
also depend upon the brand of proprietary
material being used. No two products are the
same and pore size/decant rate will vary
considerably. See section 7.1.3.
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Sediment
retention pond
(section 7.2.1)

Decanting earth
bund (section
7.2.2)

16

75%

Up to 75%

Winter (1999).
Auckland data.
Silt loam soil type.
Higher efficiencies (>75%) occurred in small
storms, whereas efficiencies dropped during
larger storms.
Auckland Regional Council.
Trials currently under way as at 2006.
Auckland data.
Clay and silt loam soil types.
Big range in interim results – not finalised.
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3

Understanding erosion and sedimentation

3.1 Understanding the processes of detachment, transport
and deposition of soil particles
You must have a good understanding of the processes of detachment, transport and
deposition of soil particles because for successful erosion and sediment control you
must use different control measures for each of these processes.

)

Erosion is both a general term for the wearing away and lowering of the land surface by
physical, chemical and biological processes and a specific term for part of a wider sequence
of geological processes:
•
•

detachment of rock and soil particles;
transport: movement of detached particles;
and

erosion

•

deposition of detached particles.

sedimentation

Sedimentation includes the processes of erosion, transportation and deposition of sediment,
for the purposes of this guideline by the action of wind and water acting on the land surface.
Erosion refers to the detachment of rock and soil particles; transportation refers to the
movement of these particles and deposition refers to when these particles stop moving
because the water velocity or wind velocity can no longer carry them.
Erosion and sedimentation are natural processes, but rates can be accelerated by human
land uses.

3.1.1

Natural and accelerated erosion

In systems undisturbed by humans, erosion is an ongoing geological process that is
punctuated by occasional extreme events such as landslides triggered by major storms or
earthquakes. Accelerated erosion, at rates much faster than natural background rates, is
mainly caused by human activities such as agriculture, forestry, mining or urban
development. American information suggests that the sediment yields from urban earthworks
can be extremely high, sometimes reaching values of 50,000 tonnes/hectare/year (Novotny
and Chesters, 1981). New Zealand figures of 100-120 tonnes/hectare/year are quoted in
Herald (1989) and Williamson (1993) from areas undergoing construction. Research
undertaken in the Auckland region (ARC, 1994) indicated a measured loss of 66
tonnes/hectare/year, equating to a predicted average annual soil loss over a twenty year
period of 168 tonnes/hectare/year, once the influence of larger less frequent storms was
considered.
While turbid or ’’muddy’’ water in streams is natural during and after storms, excessive
sediment can adversely affect aquatic ecosystems. The issue facing management of
earthworks is the effect of these temporary but very significant increases in suspended
particulate matter and sediment deposition in receiving environments.

3.1.2

The mechanics of detachment, transportation and deposition

Wind and water are the main agents of erosion in areas undergoing earthworks in
Canterbury. This subsection explains the basic mechanics of how wind and water detach,
transport and deposit soil particles. You need to understand these well in order to use the
right practices to control each one.
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Soil detachment
Soil particles become detached when the erosive forces of:
•

wind;

•

raindrop impact; and/or

•

flowing water

exceed the soil’s resistance to erosion.
Wind picks up fine soil particles and transports them until its energy drops to the point where
it can no longer carry them, when they are deposited on the ground. This process created
the loess soils on Banks Peninsula, and fine particles like these and the soils in their source
areas remain vulnerable to wind erosion.
Raindrop impact detaches soil particles by the kinetic energy and the hydraulic effect of a
falling raindrop as it strikes exposed soil surfaces. A raindrop can hit the soil at sixty km/h
(Hepworth, 1986), adding up to considerable force exerted on a soil over a storm duration.
Flowing water detaches soil particles by scouring when the tractive forces (shear stress) of
the flow, exceeds the soil’s resistance to erosion. This is most noticeable in areas of
concentrated flows such as drains and channels.
Soil transport
Once the soil particles have been detached, the next step in the process is their transport
from one place to another. As with soil detachment, soil can be transported by wind, raindrop
impact and/or flowing water.
The impact of a single raindrop on a soil surface causes individual particles to be thrown into
the air. If it lands on a slope then some particles will move upslope, but the net effect due to
gravity will cause splashed particles to move downslope. When rainfall intensity exceeds the
infiltration rate of a soil and the capacity of the available surface detention, excess water
moves downslope, transporting soil particles previously detached by raindrop impact and/or
scour. Increased velocity and turbulence will subsequently entrain and move soil particles
from one place to another.
Soil deposition
The settling out of eroded soil particles from the transporting medium is called deposition,
and is part of the geological process of sedimentation. Deposition occurs when the energy
levels and turbulence in the wind, rain splash or flowing water become too low to keep the
soil particles in suspension. They, therefore, settle out under the influence of gravity either
offsite, further downslope or in a freshwater or coastal receiving environment.

20
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3.2 Key erosion processes on earthworks sites
)

Preventing erosion is the most cost-effective measure you can use on your
earthworks site. Soil erosion is a mechanical process that requires energy. Of the
types of water erosion listed below, sheet erosion is the cheapest and easiest to
control. As you move further down the list, each type of erosion gains more energy
and becomes progressively harder and more expensive to control.

The main types of soil erosion associated with earthworks in Canterbury are:
•
wind erosion;
•
raindrop impact erosion;
•
sheet erosion;
•
rill erosion; and
•
gully erosion.
Freeze and thaw processes can break up soil structure, making it more vulnerable to erosion
by wind and water, but these processes are not directly addressed in this guideline. Part B of
this guideline sets out measures to avoid or manage the above forms of erosion, which are
illustrated in Figure 3.1 and discussed below.
Section 1.2 summarises forms of erosion and other matters not addressed by this guideline.
It is noted here and further discussed in section 5 and the relevant sections of Part C that
absent, inadequate or inappropriate erosion and sediment controls can threaten slope
stability, especially on steep slopes with vulnerable soils such as those on Banks Peninsula.

3.2.1

Wind erosion

Comparatively dry summers compounded by strong, dry, north-west winds and light-textured
soils make many parts of Canterbury vulnerable to wind erosion. Unless controlled, windblown sediments (dust) can be a significant form of air pollution from earthworks. The
processes of detachment and transport of soil by wind mainly depends on soil particle size,
and comprise:
•
creep: larger soil particles too heavy for wind to lift can roll or slide along the soil surface
or be moved by the impact of saltating particles;
•
saltation: wind-blown particles skip or bounce along the surface, detaching more
particles every time they land, thereby perpetuating the process; and
•
suspension: fine particles of silt, clay and decomposed organic matter detached by
saltation are lifted and carried away as dust.
This guideline aims to prevent the detachment of soil particles by wind (see section 6.1).
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Figure 3.1
Source

3.2.2

The main types of water-induced soil erosion
Auckland Regional Council, 1999

Raindrop impact erosion

The impact of a single raindrop on a soil surface or on a thin film of water has considerable
force, breaking up the soil aggregates and knocking individual particles up into the air as
shown in Figure 3.2. Raindrop impact erosion (also known as splash erosion) is related to
the size, distribution, shape and velocity of the raindrops, as well as their direction in relation
to slope aspect and angle.

3.2.3

Sheet erosion

Sheet erosion is the uniform removal of soil in thin layers by the forces of shallow overland
flow. It can be a very significant erosive process because it can cover large areas of sloping
land and may go undetected for some time, as it is not immediately obvious to the eye.
If not detected during rain events, sheet erosion can often be identified by soil deposition at
the bottom of a slope. If left unattended, it will eventually result in a slow elevation of
sediment concentrations in receiving waters. Maximum erosion rates occur when raindrop
impact and sheet flow occur simultaneously, especially as slope increases (see Figure 3.2).
Raindrop splash imparts turbulence and, therefore, more erosive power to laminar (nonturbulent) flow.

22
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Figure 3.2
Source

How raindrop impact detaches soil particles
Agriculture and Agri-Food Canada, 1994

Rainfall fills the soil pore spaces, loosening soil particles and driving them apart. The impact
of subsequent raindrops on the surface of the soil breaks up the soil aggregate. As rainfall
continues and surface runoff forms, the soil particles are carried downslope.

Figure 3.3

Wind, sheet, rill and gully erosion

Wind erosion is an issue on earthworks sites in the
Canterbury region.

Raindrop landing on sheet flow, a shallow laminar flow of
water covering the soil surface. (Maryland Dept of
Environment.)
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Rill erosion develops when sheet flow breaks up into
small concentrated flow- paths, as in this shot of
eroding loess soils during development of
Westmoreland in the 1990s. (Photograph courtesy of
the Christchurch City Council, 2003.)

3.2.4

Gullies are carved by large and vigorous concentrated
flows, as in this shot of eroding loess soils during urban
development of Westmoreland in the 1970s. (Photograph
courtesy of the Christchurch City Council, 2003.)

Rill erosion

Rills are best described as tiny channels that can be removed by cultivation (Water and Soil
Division, MOWD, 1979). Rill erosion occurs when uniform sheet flows break up into more
concentrated flowpaths. As slope length and/or slope gradient increase, sheet flows
concentrate, gain velocity and increase in turbulence. This increases the water’s ability to
both detach and transport soil particles.

3.2.5

Gully erosion

Gullies are huge rills. A cut-off size between rills and gullies is not defined in New Zealand,
but in the United States, gullies are sometimes defined as being too big to step across. They
develop when soil is removed by large and vigorous concentrated flows, to form incised
channels. Gullies can develop and grow rapidly; their formation generating a considerable
amount of sediment. They are very expensive and difficult to remediate, making prevention a
far better option than cure. Removal of gullies requires cut and fill earthworks.

24
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3.3 Environmental risks of earthworks and the ability to
manage the factors that influence the rate of soil loss
)
The main factors influencing the rate of soil loss from earthworks sites, and
consequent impacts on receiving environment values, are:
•
length and steepness of slopes;
•
soil erodability;
•
ground cover;
•
climate;
•
duration and extent of works; and
•
erosion and sediment control measures.
Earthworks site managers and regulators have some control over some of these factors, as
summarised in Table 3.1.
Table 3.1

Factors influencing the rate of soil loss from earthworks sites

Factor

Capacity for control

Length and steepness of slopes
Slope length and angle (especially angle) are critical determinants of
erosion potential because they determine the velocity of runoff. Steep
and long slopes allow runoff to build up velocity and concentrate flow,
producing rills and gully erosion. Longer slopes mean bigger catchment
areas that produce more and faster (hence more erosive) runoff.

Slope length is
more easily
altered than
steepness or
shape. Create
smaller
catchments by
using mid-slope
diversion
measures
(section 6.3.2)
and other
controls that are
effective and
easy to manage.

The shape of a slope also has a major bearing on erosion potential. The
base of a slope is more susceptible to erosion than the top because
there is more runoff. Convex slopes are also more prone to erosion than
concave slopes, as they do not provide any area for re-deposition of
sediment.

Soil erodability
The vulnerability of soils to erosion is called soil erodability, and is the
propensity of soil particles to become detached by the actions of water
or wind. It is influenced by soil texture, structure, chemistry (e.g. sodium
bonds), organic matter content, permeability and the condition – the
roughness or smoothness – of the soil surface:
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•

•

•

•

•

soil texture depends on the particle sizes in a particular soil and
their relative proportions. As shown in Figure 3.4, sand, silt and clay
are the three major soil particle classes used to describe texture.
Soils containing high percentages of fine sands and silts are
generally the most erodable; erodability decreases with an
increasing clay content, as clay acts to bind soil particles together.
Figure 3.5 shows the particle size distribution of some typical
Canterbury soils;
soil structure reflects the shape and arrangement of soil particles
into aggregates. A stable, blocky, granular structure absorbs water
readily, resists erosion by surface flows and promotes plant growth.
A poorly structured soil tends to be compacted or crusted and has
slow infiltration capacities that increase the rate of runoff. Erosion
potential increases with increased runoff;
organic matter improves soil structure, increases permeability and
reduces runoff. Organic matter also improves water-holding
capacity, soil fertility and plant growth. The subsoils usually exposed
by earthworks are low in organic matter and correspondingly more
vulnerable to erosion and are generally not suited to plant growth;
soil permeability refers to a soil’s ability to allow air and water to
move through the soil profile. Soils with a high permeability produce
less runoff than soils with a low permeability. Engineered fills have a
very low permeability, resulting in increased levels of potentially
erosive runoff;
soil surface condition directly influences the permeability of a soil.
Smooth, hard and compacted surfaces have slow infiltration rates,
and this increases the rate of runoff and, therefore, its erosion
potential. Roughened or loose soil surfaces promote infiltration and,
thereby, reduce rates of runoff. Surface roughening is, thus, a
simple but effective erosion prevention practice.

Ground cover
Soil cover includes vegetation and any other surface treatment such as
mulches and geotextile fabrics, which protect the soil surface from the
erosive forces of raindrop impact or flowing water.
Vegetation is a much better long-term surface cover as geosynthetics,
hay and straw can degrade over time. It is also better able to reduce the
velocity of runoff, disperse flows, promote infiltration and encourage the
deposition of sediment on the land.
Climate
The frequency, intensity and duration of rainfall are the main factors
influencing the volume of runoff from a given site. As these increase, the
ability of water to detach and transport soil particles also increases.
Frequent, intense and long-duration storms create high potential for
erosion of bare soils, hence, the selection in this guideline of a set of
design storms that reflect the risk of different control measures. See
section 2.2 and Appendix A for a more detailed discussion of these
design storms.
Evapotranspiration and soil temperature also affect erosion. Canterbury
has very high evapotranspiration and some areas have low summer
rainfalls. As a result, soil moisture levels are often so low that irrigation
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Topsoil texture
and structure
usually makes it
less erodable
than subsoil.
Topsoil removal
exposes more
vulnerable
subsoils.
See sections 6.1
and 6.2 for
topsoil
stabilisation and
subsoil
protection. See
sections 6.3.1–
6.3.3 and 6.3.5
for erosion
prevention.
As above.

See section 6.2.4
(surface
roughening).

See sections 6.1
and 6.2 for
topsoil
stabilisation and
subsoil
protection. See
sections 6.3.1–
6.3.5 for erosion
prevention.
Climate cannot
be controlled, but
bulk earthworks
can be
scheduled
outside the
period of
maximum
rainfall.
Robust
measures based
on design storms
that reflect
rainfall risk are
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or watering is needed to achieve plant growth. Evapotranspiration rates
and the number of days of soil moisture deficit vary across the region.
Careful consideration needs to be given to evapotranspiration when
trying to establish a vegetative cover and prevent erosion during drier
months.
Similarly, cold winter temperatures inhibit germination and growth. Seed
may germinate at low temperatures but can’t grow fast enough to
provide effective cover. Other measures will thus need to be used when
soil temperatures fall below about 5–6°C. Depending on species,
latitude, elevation, aspect and so on, this is likely from April through to
mid-August.

needed.
Schedule
revegetation to
allow good cover
to grow ahead of
winter. Where
vegetation
cannot be
established, see
section 6 for geosynthetic and
other means of
soil surface
protection.

Duration and extent of works
The bigger the area of exposed soil and the longer the duration of
exposure, the more potential for erosion and sediment runoff. Managing
this risk is part of the methodology and project planning discussed in
section 5.

Fully under the
control of the
developer and
the regulator.
See section 5.

Erosion and sediment control practices and procedures
Section 5 describes how to plan the deployment of the erosion and
sediment control practices described in Part C of this guideline, and
indicates how various practices can be used on the major land types
undergoing development in Canterbury.

Fully under the
control of the
developer and
the regulator.
See sections 5–
10.

Soil contains a range of particle sizes, their relative proportions defining the soil texture.
Figure 3.4 illustrates the relative sizes of sand, silt and clay particles, the three major particle
classes used to describe soil texture. As explained in Table 3.1 above, soils containing high
percentages of fine sands and silts are generally the most erodable. Higher clay content
makes soils less erodable, because clay acts to bind soil particles together.
However, because clay particles have a negative electrostatic charge, they repel each other
when suspended in water, and, therefore, don’t settle out. Prevention of erosion is, thus,
extremely important for soils with a high clay content, because sediment control measures
are less effective, without chemical treatment.
Figure 3.5 shows the particle size distribution of some typical Canterbury soils (note that
these are surface soils and may not reflect the subsoil types when topsoil is removed). The
figure is updated from the USDA classification scheme (Gee and Bauder, 1986) with
Canterbury soil data from Landcare Research (pers. comm., June 2006). The soils shown
are predominantly silts to silt-loams, so while they are finely textured, they are coarser than
clays. These soils will still need very careful erosion control, but should be susceptible to
good treatment by sediment control practices.
However, clays are found in some localised areas, so soil testing should always be carried
out to ensure that practices proposed are appropriate to the soil type found. As indicated in
section 5, when working in the very deep loess soils of Banks Peninsula or in subsoils, soil
cores or bore logs should be used to identify the particle size distribution in order to help
select the appropriate erosion and sediment control practices.
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Figure 3.4
Source

Figure 3.5
Source

28

Diagrammatic representation of soil particle sizes
Auckland Regional Council, 1997

Distribution of particle sizes in typical Canterbury soils
After Gee and Bauder, 1986
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4
)

The fundamental principles of erosion and
sediment control
Remember that the aim of this guideline is to help you to protect waterways from the
damaging effects of sediment on environmental, amenity, community, and cultural
and economic values. This means going back to the fundamental principles of
erosion and sediment control.

For effective and cost-efficient erosion and sediment control and in order to avoid, remedy
and mitigate the adverse effects of earthworks, you must consider and carefully manage four
fundamental objectives throughout the project’s planning, design and construction phases:

•

control run-on water;

•

separate ‘clean’ from ‘dirty’ water;

•

protect the land surface from erosion; and

•

prevent sediment from leaving the site.

4.1 Control run-on water
Run-on water is runoff from above the site that flows down onto it. Intercept, divert and safely
dispose of clean water running onto the site and/or from undisturbed areas within the site as
shown in Figure 4.1 and outlined in section 6.3.1. This is fundamental: interception and
diversion of clean water around the site will reduce potential damage to the works – for
example, by water flowing over steep cut slopes and other exposed soils. The resulting
reduction in erosion will significantly reduce:
•

the amount of sediment generated;

•

the volume of water and sediment to be treated or managed on site; and

•

costs associated with downtime, cleanup and reworking.
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Figure 4.1
Source

Diversion of ‘clean’ water, run-on water from above the site: a key
concept
Goldman et al., 1986

4.2 Separate ‘clean’ water from ‘dirty’ water
Minimising the volume of sediment-contaminated water needing treatment will save time and
money: you don’t need to treat water entering a site if the project works has not altered its
quality, to all intents and purposes it can be considered clean.
On some sites it may not be possible to intercept and divert clean water completely around
the site; in other cases there may be a flow path or watercourse through the site. In these
situations, let the ‘clean’ water pass through the site without mixing with runoff laden with
sediment from your earthworks. Refer to sections 6.3.1 and 6.3.3.

4.3 Protect the land surface from erosion
It is essential to minimise rates of soil loss by using the techniques outlined in section 6.
Protecting the land surface from erosion can be as simple as:

30

•

matching the project design with the terrain limitations;

•

matching project scheduling with known climatic variations;

•

minimising forward clearing;

•

limiting areas of disturbance; and

•

progressively grassing and stabilising disturbed areas, particularly high-risk areas such
as steep slopes, areas of concentrated flows and those close to waterways.
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4.4 Prevent sediment from leaving the site
Common courtesy, as well as the law, tells us we should not let dirty water and/or sediment
flow offsite on to someone else’s property or into nearby streams or water bodies. Refer to
the practices outlined in section 7 – and remember that the effectiveness and success of
these practices will be maximised by:
•

following the four fundamental principles (at the start of section 4) to reduce the amount
of sediment-laden water you need to treat; and

•

choosing an appropriate suite of sediment control and site management practices in the
project’s planning, design and construction phases, as discussed in step 2 of section 5.

Figure 4.2

Fundamental principles of erosion and sediment control illustrated
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5

Choosing and using the procedures and
practices
In this section, a six-step process will help you choose and use the right practices
and procedures for your development:

)

•

step 1: site-specific assessment of environmental values and risks;

•

step 2: construction methodology;

•

step 3: choosing erosion and sediment control practices;

•

step 4: preparing an erosion and sediment control plan;

•

step 5: consenting, tendering and compliance; and

•

step 6: implementing and monitoring your erosion and sediment control
plan.

A checklist is also provided to help you track the tasks in each of the steps.
The erosion and sediment control practices described in sections 6–10 can only
be used cost-effectively if you understand:
•
the value of good project planning, design and methodology;
•

that preventing erosion is almost invariably cheaper, easier and more
environmentally effective than reducing sediment discharge (hence the
order of sections 6 and 7, which outline erosion controls before sediment
controls); and

•

how to use the different practices together in a way that reflects the
characteristics of the site and its receiving environment.

This section introduces the primary and fundamental considerations and
management strategies that will help you choose and use the practices and
procedures in Part C.
They are just as important, if not more important than, the structural controls in
sections 6–10. They are critical to implementing a comprehensive and workable
erosion and sediment control system.
Step 1: Assessment of environmental values and risks
Sections 1 and 3.3 discussed environmental values and the risks posed to them by
earthworks. This section discusses the need to ensure that you manage the environmental
risks posed by the earthworks phase of your development from the earliest phases of the
project, in order to protect environmental values.
This means right from the start of planning new developments:
•

forming a multidisciplinary team;

•

assessing the regulatory requirements;

•

carrying out a site-specific assessment of:
ο
ο
ο
ο

land type;
receiving environments;
community values and concerns; and
integrating site characteristics into project design.
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Step 1.1
Form a multidisciplinary team
Take a whole-life-cycle and holistic design approach to the project: the opportunity to
influence results is greater in its early life and poor decisions made at the start are often
difficult and/or costly to rectify later. Involve the project’s multidisciplinary design team in
planning the earthworks and erosion and sediment control procedures and practices, and set
up good ongoing liaison with the relevant agencies and other stakeholders at an early stage.
Both will be beneficial to all phases of the development, especially when preparing an
assessment of environmental effects.
Step 1.2
Assess regulatory requirements
Section 1.6 lists the regional plans that may have rules relating to subdivision activities.
Study these rules to determine if your activity is:
•

a permitted activity: you must comply fully with conditions of the relevant rules or, if these
conditions can not be met, you will need to apply for a resource consent;

•

a controlled, discretionary or non-complying activity: if so, you will need to apply for a
resource consent. The information in this section will help you prepare the necessary
supporting information, including an assessment of environmental effects (AEE), and
implement it onsite.

The decision to seek resource consents needs to be made at an early stage of project
design and in consultation with Environment Canterbury and the relevant city or district
council.
Step 1.3
Assess land type
In order to select the right erosion and sediment control measures, you need to assess the
site and the project in the context of the whole catchment and landscape. You need to:
•

identify and critically assess site constraints and opportunities; including but not limited
to:
o topography (slope and land type);
o soil limitations (texture and erodability);
o drainage patterns and hydrology;
o climatic constraints, such as cold climates with a short growing season for
revegetation; and
o land capability/suitability for the proposed development; and

•

consider how the project will affect the environment – for example, large cut to fill
operations with significant landform impacts or the risk to receiving environments of
sediment.

This may encourage you to reconsider how the environment may affect project construction
methodologies, as outlined in step 2.
Conventional land development exposes soils and subsoils, making them highly vulnerable
to erosion both by short storms and persistent rain as well as by wind. Information from soil
cores or bore logs on the site is needed to identify the proportions of the soil textural sizes
indicated in Figures 3.4 and 3.5. This will help with selecting the appropriate erosion and
sediment control procedures and practices. Generally, silt, sand and larger particles readily
settle out of runoff, while clay particles generally do not, unless chemical flocculation is used.
A very intense focus on erosion prevention is essential on:
•

34

silts such as the loess soils on Banks Peninsula and the Port Hills, which are highly
erodable because of their lack of structure and small particle size (their vulnerability to
erosion is exacerbated on steep slopes); and
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•

soils with a high proportion of clays, because of the difficulty of removing them once they
are entrained in runoff.

Table 3.1 shows that the factors influencing the rate of soil loss (and, therefore, the
environmental risks of earthworks) call for different management responses. This reveals
that, for a given rainfall and soil type, the main indicators of the environmental risk of
earthworks on lands in the Canterbury region are those least susceptible to direct control by
site managers and regulators, namely:
•

land type, especially slope and soils;

•

climatic factors; and

•

proximity to water bodies, especially where there is little or no opportunity for sediment to
be re-deposited before entering the receiving environment.

The land types selected broadly reflect those in Chapter 8 of the Proposed NRRP. Some
areas have highly erodable soils, such as the fine loess soils of Banks Peninsula. In other
areas, elevation is associated with thin soils that are at increased erosion risk from wind.
Climatic factors such as wind and rain, that exert erosive forces on exposed soils, together
with elevation resulting in cold climates with a short growing season for revegetation, are
addressed by creating an intermontane/alpine land type and using the design storms
described in Section 2.2. Step 1.3 addresses receiving environments.
Steps 3 and 4 then focus on selecting a construction methodology and a series of erosion
and sediment control practices appropriate to the characteristics and vulnerabilities of each
land type.
The land types are shown in Figures 5.1 and 5.2 and are discussed below.
Detailed analyses of other land types have been carried out for the Canterbury region, and
the references below (fully referenced in Part D of this guideline) give more detailed
information on soil types and the risks of vegetation removal and land disturbance:
•

Canterbury Regional Council, May 1995 (referenced below as CRC, 1995);

•

Hunter et al., June 1996;

•

Hunter et al., June 2002; and

•

Environment Canterbury, July 2004 (referenced below as ECan, 2004).

The icons for each land type in the key below are shown on the erosion and sediment control
practices, with shading to indicate where they may not be suitable for use on sites in
particular land types. This information is also briefly indicated in the discussion of each land
type that follows:
6

Canterbury Plains and other flat lands with good infiltration and low water table.

[

Canterbury Plains and other flat lands with poor infiltration and high water table.

Ì

Lands including Banks Peninsula, the Kaikoura coastal zone, soft rock country and
other land with a range of slopes from gentle to steep.

O

Intermontane and alpine areas with vulnerable soils and difficult climatic conditions,
including wind, drought, cold and a short growing season.
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Provisos:
1. The maps overleaf are intended to show broad land types in the Canterbury region that
may influence the selection of erosion and sediment control practices on earthworks
sites. They are not intended as:
•

a guide to control of superficial erosion in topsoils, which are usually removed for
earthworks; or as

•

an indicator or the geotechnical stability of land or its suitability for development,
which is controlled by land use plans and consent procedures.

2. As part of the development assessment, soil cores or bore logs will generally be
available. The information from these site-specific investigations is needed to identify the
proportions of the soil textural sizes indicated in Figures 3.4 and 3.5. This will help with
selecting the appropriate erosion and sediment control procedures and practices.
Generally, silt, sand and larger particles readily settle out of runoff, while clay particles
generally do not, unless chemical flocculation is used. Silts such as the loess soils on
Banks Peninsula and the Port Hills and soils with a high proportion of clays need an
extremely intense focus on erosion prevention (see Step 1.3 in section 5).
Should more general information be needed about surface soils, more detailed maps are
available at http://www.ecan.govt.nz/ECanMapping/viewer.htm.
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Figure 5.1

Erosion and sediment control land types for North Canterbury

Source

Environment Canterbury

Note:

Use this map together with the following description of each land type to define the broad
land type in which your development is located. This map is indicative only and a site-specific
assessment must be undertaken to confirm land type. If it is not clear which unit applies,
contact Environment Canterbury for access to more detailed maps. Environment Canterbury
reserves the right to take a precautionary approach when assessing land type for the
purposes of developing erosion and sediment control plans for earthworks.
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Figure 5.2

Erosion and sediment control land types for South Canterbury

Source

Environment Canterbury

Note:

Use this map with the following description of each land type to define the broad land type in
which your development is located. This map is indicative only and a site-specific assessment
must be undertaken to confirm land type. If it is not clear which unit applies, contact
Environment Canterbury for access to more detailed maps. Environment Canterbury reserves
the right to take a precautionary approach when assessing land type for the purposes of
developing erosion and sediment control plans for earthworks.
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6 Canterbury Plains and other flat lands with good infiltration and low water table
The Canterbury Plains cover about thirty percent of the region (CRC, 1995) and comprise
(ECan, 2004):
•
a coastal fringe: gravel beach ridges and bars, coastal sand dunes, sand plains and sea
cliffs, with rainfall of 600-800 milimetres/year and saline soils and yellow-brown sands;
•
naturally well-drained upper plains and inland basins such as the Hakataramea and
Culverden basins with rainfall of seven hundred to one thousand millimetres/year
comprising well-drained fans, river terraces, braided river beds and improved arable
land on gravels with variable covers of loess and alluvium, resulting in mostly yellowgrey earth soils of variable depth and stoniness with a naturally weak structure; and
•
recent floodplains from alpine-sourced braided rivers and foothill rivers with 600-1000
millimetres/year rainfall, on active riverbeds and associated floodplains, low terraces
and marginal wetlands, on active river gravels and recent alluvial soils.
Much of the area has slopes of less than 7o, so earthworks makes these soils highly
vulnerable to:
•
wind erosion during strong, hot, dry north-westerlies, strong westerlies and gusty
southerlies (CRC, 1995);
•
sheet and rill erosion on gentle slopes during high-intensity storms (CRC, 1995); and
•
difficulty of revegetation in times of summer heat and drought and winter cold.
On this flat land it can be difficult to obtain enough gradient for some erosion and sediment
control practices to be used effectively. For example, sediment retention ponds and the
drains directing runoff to them may need too much excavation for the required storage
volumes and gradient. However, the proposed NRRP Chapter 8 identifies some areas of
high infiltration into the underlying alluvial gravels. Onsite soakage of ‘clean’ and ‘dirty’ water
may be practicable in the alluvial and/or loess deposits over gravels that form silt loams,
stony silt loams, fine sandy loams or stony fine sandy loams in parts of the Canterbury Plains
and other flat lands such as some areas of the Amuri basin and some intermontane basins.
Note, however, that some areas close to the coast may experience groundwater inflow.
Figure 5.1 is only indicative. If it is not clear from the map if the site has highly permeable
soil, or the development is in another part of the region where soakage may be a solution,
then refer to Appendix B, which has more information on stormwater soakage testing and
design guidelines, or contact Environment Canterbury. Environment Canterbury reserves the
right to take a precautionary approach when assessing soil permeability for the purposes of
erosion and sediment control for earthworks.
On such flat land, controlling run-on water, if necessary, may be done by use of a simple
topsoil bund or any of the measures described in sections 6.3.1 and 6.3.2, with the run-on
water directed to a ‘clean’ water infiltration system. Sediment may be prevented from leaving
the site by using filtration or infiltration systems (sections 7.2.3 and 7.2.4), ensuring separate
facilities for any infiltration of ‘clean’ and ‘dirty’ water, and a stabilised site exit point (section
7.1.4). The methodologies outlined in step 2 should also be used to reduce erosion risk.
Site control practices may, therefore, be no more sophisticated than some or all of the
following measures: a continuous earth bund around the perimeter, ‘clean’ and ‘dirty’ water
soakage systems; and a stabilised site exit point.
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[ Canterbury Plains and other flat lands with poor infiltration and high water table
Areas of flat land with poor infiltration and high water tables include (ECan, 2004):
•

the coastal fringe and some parts of the lower Canterbury Plains, including wetlands on
the fringes of lagoons, estuaries, with rainfall of 600-800 millimetres/year and organic
and gley soils;

•

poorly drained valley floors, flood plains and harbour-head dunes on Banks Peninsula,
with rainfall of 600 millimetres/year and a mix of gley and sandy soils; and

wetlands, valley floors and terrace moraines in the inland river basins and major river
valleys, with rainfall of seven hundred to 1000 millimetres/year, with gley and organic
soils.
As with the previous land type, most of these areas have slopes of less than 7o, so under
earthworks these soils are highly vulnerable to:
•
wind erosion during the frequent strong, hot, dry north-westerlies, strong westerlies and
gusty southerlies (CRC, 1995);
•
sheet and rill erosion on gentle slopes during high-intensity storms (CRC, 1995); and
•
difficulty of revegetation in times of summer heat and drought and winter cold.
•

The Proposed NRRP Chapter 8 (ECan, 2004) identifies these and other areas of poorly
drained, fine, gley and clay soils with low rates of infiltration and high levels of runoff. Again,
lack of gradient may preclude use of some erosion and sediment control practices in these
areas, but the lack of availability of infiltration makes it even more essential to protect
adjacent waterways by reducing erosion and sediment concentrations before discharge into
adjacent drains and surface water bodies.
Sediment retention ponds may not be practicable on this very flat land, but will be needed if
other sediment control practices are not adequate to minimise sediment discharge to
receiving environments. If so, minimising the amount of ‘dirty’ water needing treatment will
reduce the size of the sediment control measures required.

Ì Lands including Banks Peninsula, the Kaikoura coastal zone, soft rock country and other land with
gentle to steep slopes
Some of the land in this type is very steep, increasing the risk of erosion and sediment
runoff. The steeper the slope, the more care is needed to address this risk. The discussion
below focuses on Banks Peninsula and the Kaikoura coastal zone, but the general risk
management approach applies to all land of gradient. Chapter 8 of the Proposed NRRP
identifies some soils in these areas as being easily mobilised when disturbed or exposed,
with soils on soft rock and loess-mantled hill slopes being inherently weakly structured and at
risk of large-scale erosion, including slope failure. Areas undergoing development on these
erosion-prone soils include Banks Peninsula/Port Hills, some loess-covered hills in North
and South Canterbury, and steep lands with other soil types developed on softer rocks
(ECan, 2004).
Rainfall is 1000-1400 millimetres per year on the summits of Banks Peninsula, with
occasional snow. The lower slopes receive 600-1000 millimetres/year, and are drained by
short, steep streams, some spring-fed and with very severe summer low flows (ECan, 2004),
rendering them more vulnerable at this time to sediment inputs because of the lack of
transport velocity in the stream.
Under earthworks, these soils are highly vulnerable to:
•
rill, tunnel and gully erosion (Hunter et al., 1996) if sheet erosion is not managed
effectively;
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•
•

wind erosion during north-westerlies, strong westerlies and gusty southerlies (CRC,
1995); and
difficulty of revegetation in times of summer heat and drought and winter cold.

In these areas, especially on steep slopes and in the unstructured loess soils of Banks
Peninsula, there is a high erosion risk and very careful water management is needed.
Massive gullying has been noted in loess soils undergoing urban development (Chapters 4
and 7, CCC 2003; Trangmar, 2003), such as those in Westmoreland on the Port Hills in the
1970s.
However, large control measures such as ponds may not always be practicable because the
significant excavation and embankment needed on steep slopes, as well as the weight of the
impounded water, pose a risk of mass failure on these soils. These matters should be
considered as part of the geotechnical element assessment of the site.
This means that careful attention is needed when locating, constructing and maintaining the
erosion prevention measures outlined in section 6, for control of run-on water, separation of
‘clean’ from ‘dirty’ water, outfall protection and protection of the land surface from erosion.
Methodologies outlined in steps 1 and 2 that avoid risk will also be important in these areas.
Moreover, some erosion and sediment control practices concentrate water flows, and unless
stable outfalls are provided as recommended in the guideline, these flows can potentially
cause erosion and even slope failure.
Concentrated flows can also cause tunnels to form along the channels. It is important to
keep channels shallow to avoid getting into the subsoil, or armour them as suggested in
sections 6.3.5 and 6.3.6. Long-term perimeter and mid-slope diversion systems (sections
6.3.1 and 6.3.2) need to be monitored weekly and before and after rain for holes in the
ground that may indicate that tunnels are beginning to form, so that they can be promptly
sealed off and filled in.
Practices that prevent sediment from leaving the site will include those in section 6 (erosion
control) that manage wind, rain and sheet flow, as well as those in section 7 (sediment
control) that can be safely and cost-effectively built on steep land with weak soils.
Innovative sediment controls could include putting runoff into waterproof vessels for offsite
disposal, building sediment traps from boulders and geotextile, or sheet piles waterproofed
with fabric.
The Kaikoura coastal zone is a complex one, including (ECan, 2004):
•
coastal mountain ranges: generally below 1200 metres above sea level (asl), with
rainfall of 1200-1700 millimetres per year , colluvial soils on the lower slopes and highcountry yellow-brown earths and alpine soils at higher altitudes. Streams are short and
steep, with high sediment loads;
•
coastal soft rock country: strongly rolling to steep, dissected lands with rainfall of 8001500 millimetres per year and yellow-grey to yellow-brown earths and some limestonederived soils.
•
coastal hard rock country: steep to very steep hill and mountain country on hard
sedimentary rocks, with rock outcrops and scree. Yellow-brown earths form generally
thin topsoils. Rainfall is 1200-1500 millimetres per year. Streams have high sediment
loads and generally sparse flora and fauna; and
•
aggradational fans, rolling to undulating lands with recent soils to 160 metres asl with
wetland fringes. Rainfall 700-1300 millimetres per year and there are spring-fed streams
and a shallow unconfined aquifer.
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Naturally occurring forms of erosion in this zone that can be exacerbated by earthworks
include:
•
wind and freeze/thaw in the mountain ranges;
•
slips and deeper slope failure in the coastal soft and hard rock country, often triggered
by intense cyclonic storms; and
•
wind, sheet and rill erosion on the aggradational fans.
Soft rock hill country and downs areas include (ECan, 2004) areas of loess, sandstone and
mudstone forming:
•
steep erosional hill slopes: generally over seven hundred metres asl, with rainfall of 6001200 millimetres per year on yellow-grey to yellow-brown and loess soils that are
moderately dispersible. Streams are small and subject to pronounced seasonal low
flows;
•
low relief downs, crests and summits: smooth, rolling loess-mantled downlands
generally over 500 metres asl, with rainfall of 600-900 millimetres per year. Soils are
mainly yellow-grey earths and streams are small and subject to pronounced seasonal
low flows; and
•
limestone: more stable landforms with 600-900 millimetres per year rainfall and mainly
rendzina soils.
Naturally occurring forms of erosion in these areas that can be exacerbated by earthworks
include:
•
deep-seated slope failure on the erosional hill slopes;
•
wind, sheet, rill, gully and tunnel gully erosion on the low relief downs, crests and
summits; and
•
wind erosion on the limestone lands.
Other land with gradient includes (ECan, 2004) hard rock hill country – for example, steep
erosional hill slopes, crests and summits on greywacke, generally below 1000 metres asl.
Rainfall is 600-1200 millimetres per year on yellow-grey to yellow-brown steepland soils, and
the streams are small and subject to pronounced seasonal low flows. Naturally occurring
forms of erosion on this land that can be exacerbated by earthworks include:
•
wind, sheet, rill and gully erosion triggered by high-intensity storms; and
•
difficulty of revegetation in winter (cold), in summer (low moisture) and on thin, infertile
soils.
Some clay soils are noted (ECan, 2004) on areas of moderate slopes within the Kaikoura
coastal zone and soft rock hill country and downs generally around coastal Cheviot and
Timaru areas. Clays are difficult to remove from runoff as the particles have a negative
electrostatic charge that prevents them from readily settling out. Chemical treatments are
available to encourage flocculation and settling of such soils, but they are not addressed in
this guideline (see section 2.3). This again emphasises the need for very effective control of
run-on water and the other erosion control measures outlined in section 6 in order to
minimise the detachment of fine clay particles. Together with separation of ‘clean’ from ‘dirty’
water, this will also minimise the amount of ‘dirty’ water needing treatment, and consequently
the size of the sediment control measures outlined in section 7, to prevent sediment from
leaving the site.
O Intermontane and alpine areas with vulnerable soils and difficult climatic conditions, including wind,
drought, cold and a short growing season
These areas include (ECan, 2004):
•
dry mountain ranges in the high country: ranging from steep land over 1200 metres asl,
through elevated plateaux to flat to rolling alluvial fans, terraces and floodplains; varied
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•

•

soil types. Rainfall varies from 450-600 millimetres per year in lower areas to 1000-1600
millimetres per year in the plateaux and mountains;
moist mountain ranges in the high country: ranging from the main divide of the Southern
Alps, through upper and lower mountain slopes to valley floors, fans, terraces,
floodplains and colluvial slopes. Rainfall varies from 1000-1200 millimetres per year in
the higher areas to 700-1000 millimetres per year at lower levels. Soils vary with
elevation and snow and ice are present all year or seasonally; and
inland basins and major river valleys: including floodplains, wetlands, valley floors and
terrace moraines, intermediate terraces, high terraces and moraines and fans. Rainfall
varies from 700-1000 millimetres per year in the floodplains and wetlands to 500–800
millimetres per year in the fans and high terraces. The inland river basins and major
river valleys have gley and organic soils; the high terraces and moraines have quite
deep, yellow-brown earths, and the floodplains, intermediate terraces and fans have
shallow stony soils.

Naturally occurring forms of erosion on these lands that can be exacerbated by earthworks
include:
•
freeze and thaw erosion on lands more than 900 metres asl;
•
wind erosion; and
• difficulty of revegetation in winter (cold), in summer (low moisture), with strong winds and
on thin, infertile soils.
Lands above 900 metres asl are noted in the Proposed NRRP as having harsh climates that
limit the establishment or recovery of vegetation cover. Erosion and sediment control
practices will need to specifically minimise wind erosion as well as these climatic difficulties,
including making sure that any over-winter practices are resistant to damage by freeze-thaw
processes.
Effective use of geotextiles is likely to be beneficial in these areas. Again, where fine soils
are present, it may be difficult to remove them from site runoff with standard sediment control
measures, so the focus on preventing erosion will prove cost-effective.
Step 1.4
Assess receiving environments
Having assessed the land type and wider catchment and project context of the site, you now
need to identify and critically assess what constraints and opportunities are posed by the
location and sensitivity of adjacent and downstream receiving environments.
The region's freshwater and coastal and wetland ecosystems contain abundant and diverse
forms of life with important ecological, aesthetic, tourism, cultural, recreational and watersupply values. However, they are vulnerable to the adverse environmental effects of ongoing
land development.
Receiving environments include:
• stock races;
• streams and rivers;
• lagoons, lakes and wetlands;
• spring-fed streams of interest to tangata whenua;
• drinking water intakes; and
• areas susceptible to ponding or flooding.
Sediment may be discharged into these directly or via the city or district council stormwater
system, and may travel through intermediate systems before ending up in the ultimate
receiving environment – for example, travelling via a stormwater system and then a stream,
before ending up in a lake, lagoon or estuary.
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Information on specific receiving environments can be obtained from Environment
Canterbury.
When considering the effects of your earthworks on receiving environments, you need to
consider:
• any effect on ecosystems, including effects on plants or animals and any physical
disturbance of habitats in the vicinity;
• any effect on natural and physical resources having aesthetic, recreational, scientific,
historical, spiritual, or cultural, or other special value for present or future generations;
• any discharge of contaminants into the environment, including any unreasonable
emission of noise and options for the treatment and disposal of contaminants; and
• any risk to the neighbourhood, the wider community, or the environment.
For the discharge of any contaminant, such as sediment, an assessment of environmental
effects (AEE) also needs to describe:
• the nature of the discharge and the sensitivity of the receiving environment to adverse
effects;
• any possible alternative methods of discharge, including discharge into any other
receiving environment (for example, into the ground instead of adjacent waterways); and
• the mitigation measures to be undertaken to help prevent or reduce the actual or
potential effects, such as development methodology (step 2) and an erosion and
sediment control plan, including safeguards and contingency plans where relevant, as
outlined in step 4.
Consideration of receiving environments often prompts a reconsideration of the development
methodology (see step 2) and a refinement of the erosion and sediment control plan to
ensure that suitable steps are taken to avoid, remedy and mitigate adverse effects.
Earthworks developments not involving temporary or permanent watercourse modification
should define a limit of disturbance that provides a buffer between worked areas and riparian
vegetation or water bodies.
Step 1.5
Assess community values and concerns
The earlier in the development design process that you consult with regulators, neighbours
and other affected parties, the easier it is to accommodate their requirements or concerns
into the design. You need to identify those persons interested in or affected by the proposal,
the consultation you have undertaken and your response to the views of those consulted.
This needs to be documented for those activities requiring a resource consent, but
consideration of local concerns is also encouraged for permitted activities for which consent
is not required.
Step 1.6
Integrate site characteristics into project design
Traditional forms of urban development have a suite of adverse effects on natural
environments, modifying landforms, vegetation, the movement of water and the associated
ecological and wildlife values. More recent forms seek to work with, rather than against,
nature (CCC, 2003), and this also reduces the adverse effects of the earthworks phase of
development. Ways of doing this include:
• developing a project design that utilises existing topography and is compatible with the
natural characteristics of the site and adjacent areas. Do not force the terrain to conform
to a preconceived project design. For example, minimise the need for extensive cut to fill
and site recontouring by altering the layout of the roading network or opting for some
pole-house designs rather than level building platforms on the steeper sites. This will
reduce the volume and extent of earthworks required, reducing erosion potential,
environmental risk and construction costs;
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• incorporating the principles of environmentally sustainable development, including but not
limited to low-impact and water-sensitive urban design; and
• considering options for converting sediment retention ponds into permanent water quality
and quantity management devices after the earthworks phase is over.
Step 2: Construction methodology
Based on the principles in section 4 and the results of the values and risk assessment in
step 1, you now need to carefully consider the following principles and strategies during the
initial development planning and detailed design stage of the project.
This will help to determine your project methodology, especially techniques or technologies
that avoid or reduce the need for erosion and sediment control practices. For example, your
environmental and risk assessment may encourage you to bridge rather than culvert a
stream, an option that will greatly reduce the risk of adverse environmental effects.
Good erosion and sediment control practices will minimise sediment generation and
discharge. You should also focus on the following tools, in order of priority:
•
avoid;
•
remedy; and
•
mitigate.
Key steps are:
•
seasonal planning;
•
construction scheduling; and
•
staging of works to minimise the extent and duration of disturbance.
Step 2.1
Seasonal planning
Plan ahead to undertake any necessary consultation and gain approvals early, to enable
prompt start-up without last-minute delays. This also avoids having to keep working into the
undesirable colder and wetter months, generally 1 May to 31 August (this season may be
longer at altitude). Other needs include:
• where practicable, planning a construction programme of less than six months from
topsoil removal to stabilisation, scheduling completion and stabilisation of bulk earthworks
before winter; or
• alternatively, staging the project, with progressive completion and stabilisation of
earthworks; and
• scheduling in-stream works for completion and stabilisation during periods of low flow.
Step 2.2
Construction scheduling
Jointly plan and integrate erosion control with construction activities:
• incorporate all key erosion and sediment control works into the project’s critical path
network;
• programme the installation of all perimeter drainage and sediment control works before
any other earth-disturbing activities start;
• schedule the disturbance of high-risk areas such as steep slopes or lands near
waterways and streams only when work can begin immediately; and
• plan for installation of services and utilities in conjunction with road works and talk to
service providers and related agencies about common trenching of services.
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Step 2.3
Staging of works
Investigate options for staging of works so as to minimise the extent and duration of
disturbance. This minimises the exposure of bare land to the risk of erosion by, for example:
• planning for progressive site clearance, only disturbing areas when they are scheduled
for current construction work;
• planning for immediate stabilisation as soon as works are finished, considering the need
to have a good vegetation cover established before soil and air temperatures inhibit
germination and growth; and
• retaining existing ground cover and vegetation for use as natural buffer zones. This works
best when developing upper slopes ahead of lower slopes.
Step 3: Choosing erosion and sediment control practices
The assessment of land type, receiving environment, community values and concerns and
consent status gives a general indication of the intensity of erosion and sediment control
needed on the site. In this step, you can now start to select individual practices. When
choosing erosion and sediment control practices, remember that you must address each of
the fundamental principles of erosion and sediment control discussed in section 4:
•
control run-on water;
•
separate ‘clean’ from ‘dirty’ water;
•
protect the land surface from erosion; and
•
prevent sediment from leaving the site.
This step provides you with two key tools to help you do this:
•

the matrix in Table 5.1; and

•

the flow chart in Figure 5.3.

5.1.1

The matrix

The matrix aims to ensure that you consider each of the four fundamental principles outlined
in section 4. It also aims to help you broadly identify which measures comprise the best
practicable option for the land type where your development is located. Erosion prevention
should be given as much attention as – or, where needed, more attention than – sediment
control.

5.1.2

The flow chart

The flow chart in Figure 5.3 directs you towards the erosion and sediment control practices
appropriate to the detachment, transport and depositional processes in your site. In order to
use the flow chart, you must understand the difference between erosion control and
sediment control. If you are not sure about this, refer to section 3 and Figure 3.3. The flow
chart asks two key questions:
•

how will soil particles be detached?

•

how will soil particles be transported?

The answers to these questions lead you towards a group of erosion control and sediment
control practices that are appropriate to the natural processes you are trying to manage. You
can then integrate the procedures and practices you choose into an erosion and sediment
control plan.
Freeze-thaw processes are only shown in the top left-hand box in the flow chart and not in
the lower one as due to the climatic conditions in Canterbury, it has been assumed these
processes act more as an erosive agent that detaches and reduces the size of soil particles,
rather than a significant transport mechanism. That is, once the soil has thawed, it is the
action of wind and water that needs to be controlled.
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Together, these tools aim to encourage you to look in sections 6.1, 6.2 and 6.3 for
appropriate practices to use to prevent erosion, as well as looking in section 7 to choose an
appropriate selection of sediment control practices.
The choice of exactly which erosion or sediment control practice to use depends on the
specific site constraints and those generally indicated for each land type. For example,
whether it is too flat or too steep for some practices, or so elevated, cold and windy that
more attention needs to be paid to measures in section 6.1.
It is almost invariably more cost-effective to focus on proactive, erosion controls rather than
simply relying upon reactive, ‘end-of-pipe’ practices, especially in areas where ponds are not
suitable.
The next step, step 4, aims to help you pull your selected practices and procedures together
into an erosion and sediment control plan that addresses the values, risks, constraints and
opportunities identified in the steps so far.
Note again that these practices focus on the earthworks phase and do not address matters
of sustainable stormwater and waterways management, which are covered in the
Christchurch City Council Waterways and Wetlands guideline.
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Table 5.1

Note:

Land

type

Matrix for applying erosion and sediment control principles to the
selection of best practicable erosion and sediment control options for
sites in each land type
To make effective use of this matrix, you must understand the land types described in step 1.
The icons below are shown in each erosion and sediment control practice, and are shaded
where a particular practice may not be suitable for use in that land type.
Use these fundamental principles of erosion and sediment control together with the
methodologies in steps 2 and 6 to select the appropriate practices from sections 8 to 10
and to prepare and implement an erosion and sediment control plan
Control run-on
water:
go to section 6.3

Separate ‘clean’
from ‘dirty’ water:
go to section 6.3

Protect the land
surface from erosion:
go to Figure 5.3

Prevent sediment
from leaving the site:
go to Figure 5.3

6 Canterbury Plains
and other flat lands with
good infiltration and low
water table









[ Canterbury Plains
and other flat lands with
poor infiltration and high
water table









¿ Lands of gentle to
steep slope, including
Banks Peninsula, the
Kaikoura coastal zone,
soft rock country and
other
land
with
moderate to steep
slopes









O Intermontane and
alpine
areas
with
vulnerable soils and
difficult
climatic
conditions,
including
wind, low rainfall, cold
and a short growing
season









Key
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This principle must be addressed on the site, but some of the practices provided in the
guideline may not be practicable on this land type: refer to step 1 and the practices
themselves.



This principle should be addressed on this land type unless it can be demonstrated to the
satisfaction of Environment Canterbury staff that the available practices are not necessary or
practicable on the site concerned.



This principle must be considered on the site, but some of the measures provided in the
guideline may not always be practicable on this land type or necessary on the site.
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Figure 5.3

Flow chart for choosing erosion and sediment control practices

Note: To make effective use of this flow chart, you must understand the processes of erosion and
sedimentation. If you are not sure about this, refer to section 3.2 and the specifications for the practices
themselves.
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Step 4: Preparing an erosion and sediment control plan
Your erosion and sediment control plan is a working tool that helps you and Environment
Canterbury make sure that your selected practices and procedures are pulled together in a
way that addresses the values and risks of the site and its broader environmental and
community context.
In it, you spell out how the fundamental principles of erosion and sediment control have led
you to select certain project methodologies and erosion and sediment control practices and
site management procedures. You need to demonstrate that you have considered,
addressed and planned the management at all stages of the project’s planning, design and
construction phases, to:
• control run-on water;
• separate ‘clean’ from ‘dirty’ water;
• protect the land surface from erosion; and
• prevent sediment from leaving the site.
Key tips:
• keep it simple: use a small number of robust practices to treat water once and get it off
the site;
• use the matrix in Table 5.1 to apply erosion and sediment control principles to selection
of BPOs for sites in each land type;
• use the flow chart in Figure 5.3 to choose erosion and sediment control practices; and
• put practices where you can get at them for maintenance, including during and after
heavy rain.
Your erosion and sediment control plan needs to include a map and a narrative that describe
an integrated suite of practices from the top of the site, through it and down to the foot of the
site, deploying a range of erosion and sediment control practices that support each other.
The plan must include at least the following information:
• a description of the proposed development and the site, including:
ο total area of bare ground on site (cumulative total through development period);
ο total length of exposed roads, trenches, tracks;
ο volume of proposed earthworks;
• a management plan that reflects the AEE you have prepared as part of project
consenting. The level of detail should be appropriate to the scale of the operation, but
should generally include:
ο a detailed location map with a north point and a bar scale as well as a ratio scale,
showing roads, boundaries, location of surface water bodies, any existing
stormwater reticulation and outfalls, and directions of groundwater flow;
ο a site description, including land type, climate, topography, vegetation, soils, and
water bodies;
ο a map of the site with a bar scale of the practices that reflect the four fundamental
principles in section 4:
- the erosion controls proposed to prevent detachment and transport of soil
particles;
- the sediment controls proposed to avoid or minimise sediment discharge;
- including, if relevant, drawings for different stages of the seasonal works
associated with the development;
ο details of any stream crossing and measures taken to avoid or minimise sediment
impacts;
ο copies of the selected controls from this guideline, so that people onsite can follow
them;
ο rehabilitation or mitigation details;
ο details of proposed monitoring to assess the effectiveness of the control measures;
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ο
ο

details of any other measures designed to reduce impact on the environment; and
supporting text detailing:
- a project planning/work programme and description of all procedures and
control practices, staging, timing and sequencing of works, design and
methodology;
- erosion controls, including run-on water control and site stabilisation and
revegetation;
- sediment controls; and
- supporting calculations for dimensions, depth, volumes, capacity, gradient and
other key design parameters for each practice.

Environment Canterbury is working with the industry to develop example erosion and
sediment control plans, which will be available on the Environment Canterbury website at
www.ecan.govt.nz.
Step 5: Project consenting and tendering
In step 1.2 you assessed the regulatory requirements for your activities. To comply with
these:
• if your activities are permitted, you must document your compliance with permitted activity
standards; or
• if your activities are controlled, discretionary or non-complying, use the information
described in step 4, together with any other supporting documentation required by
Environment Canterbury and/or the relevant city or district council to support a resource
consent application and/or comply with its conditions.
All necessary resource consents must be granted before any earthworks or stream works
begin. Contact Environment Canterbury and the relevant city or district council for more
information. Attach the consent conditions and other relevant information such as the AEE to
the tender documents.
When preparing tender documents, specify all erosion and sediment control items in the
contract documents. Avoid lump sum pricing by itemising all measures, requesting an
allowance for additional work, maintenance and so on. This will promote fair and equitable
bidding and payment for the earthworks contractor that reflects the importance of erosion
and sediment control.
Step 6:
Implement and monitor your erosion and sediment control plan
Good management of erosion and sediment control on the site during the life of the project
can be challenging. You need to follow the steps below before and right throughout your
construction works.
Step 6.1
Hold a preconstruction meeting and site induction
It is important that you tell everyone about the objectives and key components of the erosion
and sediment control plan. You also need to:
• discuss project scheduling and monitoring and inspection procedures;
• identify high-risk erosion areas and discuss specific issues regarding their management;
• inform all parties, including subcontractors, of the specific requirements for compliance at
the site and detail their individual responsibilities regarding erosion and sediment control;
and
• discuss the potential ramifications of non-compliance.
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Step 6.2
Provide supervision and support
Appoint someone who is qualified and motivated to be the supervisor responsible for
implementation of the erosion and sediment control plan, including preventive and remedial
works. It will be helpful to:
• conduct regular toolbox meetings; discuss daily work activities, and appropriate erosion
and sediment control methodology/requirements;
• provide technical support; organise additional training and education as required; and
• pay attention to detail by requiring and recognising good workmanship. It is all-important
for effective erosion and sediment control that practices are built in accordance with good
engineering practice and the specifications in this guideline.
Step 6.3
Define the work area
Define the area within which earthworks will be done by:
• clearly marking out limits of clearing especially around high-risk areas such as water
bodies;
• clearly marking out buffer zones and other areas of vegetation to be retained;
• limiting work activities to those areas involved in current construction activities only;
• preparing a construction site vehicle movement plan that restricts vehicle movements to
designated tracks and turnaround areas; and
• progressively deploying appropriate control measures as each stage is opened up.
Step 6.4
Install perimeter erosion controls
Isolate the site by:
• first installing the upslope diversions of clean run-on water, selecting practices from
section 6;
• installing stabilised site entry and exit points (section 7.1.4); and
• providing all-weather access for maintenance and sediment removal.
Step 6.5
Install perimeter sediment controls
Install all other permanent sediment controls, selected from section 7, as soon as
practicable:
• promptly stabilise temporary and permanent drainage channels;
• complete all inlet and outlet protection works as soon as possible; and
• provide all-weather access for maintenance and sediment removal.
Step 6.6
Minimise extent of disturbance
Restrict land disturbance to minimum areas of workable size:
• minimise forward clearing to retain as much of the existing vegetation as possible;
• do not disturb high-risk areas like steep slopes, areas of concentrated flows and riparian
zones until immediately before starting work there. Wherever practicable leave a 20metre
buffer round them;
• carefully monitor clearing activities to ensure limits of clearing are not being exceeded;
• delay removal of topsoil material until immediately before starting bulk earthworks;
• progressively remove topsoil from all other areas to be disturbed, including compound
areas, stockpile sites, borrow pits, spoil disposal areas and so on; and
• provide for all-weather car and equipment parking around site offices and compounds.
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Step 6.7
Protect topsoil and manage stockpiles
Key considerations for topsoil and stockpile protection:
• do not place stockpiles within ten metres of a flowline, stream or water body;
• where preservation of soil structure is important, restrict stockpiles to 2 metres or less in
height;
• locate above high tide marks and the 5 percent AEP flood level, away from flooding or
wave action;
• do not place stockpiles beneath the drip lines of trees to be retained;
• isolate stockpile sites by upslope diversion of clean run-on water and downslope
sediment controls; and
• stabilise long-term stockpiles to prevent erosion by wind and water.
Step 6.8
Progressively deploy internal site erosion controls
Minimise the erosive potential of site runoff by:
• dividing the site into smaller, more manageable sub-catchments and reducing the length
and steepness of slopes;
• divert water away from cut and fill slopes or safely carry it down the face of a cut and fill
slope; and
• protect long and/or steep slopes with temporary contour drains at the end of each day’s
work during the wet season or when rain is imminent.
Step 6.9
Progressively deploy internal site sediment controls
Minimise sediment runoff by:
• putting sediment control measures as close to the sediment source as possible without
impeding construction activities;
• using temporary contour drains to direct site runoff into sediment control devices; and
• providing access for maintenance and sediment removal.
Step 6.10
Progressively stabilise the site as works progress
Minimise the extent of exposed areas:
• temporarily stabilise disturbed or denuded areas that will be unworked for up to twelve
months;
• reapply topsoil and progressively revegetate all disturbed areas that have been brought to
final grade; and
• progressively rehabilitate and stabilise disturbed or denuded areas; stabilise high-risk
areas as a matter of priority.
Step 6.11
Set up and follow a management and monitoring system
Key management and monitoring tips:
• keep copies of the erosion and sediment control plan onsite. Always update it with major
variations and make sure they have sign-off from the appropriate regulators;
• always comply with the specific requirements of the resource consent: if site
developments invalidate these, seek a variation in a timely manner;
• progressively deploy, inspect and maintain erosion and sediment control works
throughout construction period;
• stop all operations (including refuelling and servicing of plant and equipment) during
periods of heavy and/or prolonged rainfall;
• conduct all refuelling, servicing, washing down, cleaning out or parking of construction
plant and equipment a minimum of 50 metres from any stormwater inlet or water body;
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• conduct daily reviews and weekly inspections of all control measures; assess
suitability/performance of control measures; maintain, modify and adjust if required;
• monitoring the performance of control measures and maintaining an overview of progress
is one of the most important features of ensuring that your erosion and sediment control
plan is effective. Use formal checklists, make sure any problems are addressed in a
timely fashion and keep all records onsite. Maintain a log book for sediment pond
management and maintenance;
• set up monitoring programmes to address:
ο
ο
ο
ο

regular compliance monitoring to ensure compliance with resource consent
conditions;
regular performance monitoring to ensure measures are working correctly and that
offsite effects are acceptable;
triggered monitoring in response to complaints: always follow these up with the
complainant to avoid undue regulatory and community concern about the project;
triggered monitoring in response to storm warnings: the erosion and sediment control
supervisor must inspect the site before, during and immediately after periods of high
wind or rainfall. Give them the authority and ability to immediately implement any
repairs; and

• periodically review the erosion and sediment control plan and amend or update as
required.

5.2 Erosion and sediment control checklist
Copy this checklist and attach it to the front of the file for each new development. As you
plan, consent and manage the project, check that each action is completed or ongoing as
required.
By whom

Task

By when

Actioned

Section 5: Practices and procedures
Step 1: assessment of environmental values and risks
1. Form a multidisciplinary team
2. Site-specific assessment of regulatory requirements
3.
4.
5.
6.

Site-specific assessment of land type
Site-specific assessment of receiving environments
Site-specific assessment of community values and concerns
Integrate site characteristics into project design

Step 2: construction methodology
1. Seasonal planning
2. Construction scheduling
3. Staging of works to minimise extent and duration of
disturbance
Step 3: choose erosion and sediment control practices
1. Use the matrix in Table 5.1 to apply erosion and sediment
control principles to selection of BPOs for sites in each land
type
2. Use the flow chart in Figure 5.3 to choose erosion and
sediment control practices
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Step 4: prepare an erosion and sediment control plan
Demonstrate application of the principles of erosion and
sediment control outlined in section 4 and the matrix in Table 5.1
by checking that the measures selected:
1. control run-on water
2. separate ‘clean’ from ‘dirty’ water
3. protect the land surface from erosion
4. prevent sediment from leaving the site
Step 5: consenting and tendering
1. Finalise your erosion and sediment control plan
2. Document your compliance with permitted activity standards
OR
3. Apply for resource consent/s
4. Prepare tender documents that allow a fair budget for
erosion and sediment control
Step 6: implementing and monitoring your erosion and
sediment control plan
1. Hold a preconstruction meeting and site induction
2. Provide supervision and support














3. Define the work area



4. Establish perimeter erosion controls



5. Install perimeter sediment controls



6. Minimise extent of disturbance



7. Protect topsoil and manage stockpiles



8. Progressively deploy internal site erosion controls



9. Progressively deploy internal site sediment controls
10. Progressively stabilise the site as works progress
11. Set up and follow a management and monitoring system
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6

EROSION CONTROL PRACTICES

NOTE:
Each practice in Part C of this guideline has a set of icons representing the land types
described in section 5. Icons are shaded where a particular practice may not be suitable for
use in that land type.
There is more information in Table 5.1, the matrix for applying erosion and sediment control
principles to the selection of best practicable erosion and sediment control options for sites in
each land type, as well as in Figure 5.3, the flow chart for selecting practices.
6

Canterbury plains and other flat lands with good infiltration and low water table.

[

Canterbury plains and other flat lands with poor infiltration and high water table.

Ì

Lands including Banks Peninsula, the Kaikoura coastal zone, soft rock country and
other land with a range of slopes from gentle to steep.

O

Intermontane and alpine areas with vulnerable soils and difficult climatic conditions,
including wind, drought, cold and a short growing season.
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6.1 Surface protection from wind
6.1.1

Watering for dust control

6

[

Ì

O

Description and purpose
Spraying water over a disturbed area aggregates soil particles, reducing their susceptibility
to wind erosion and dust generation (detachment, suspension and transportation of fine soil
particles by wind or by construction activities and vehicle movements).
Water may be applied to:
• haul roads and access tracks by the spray boom at the rear of a water cart,
• stockpiles, batters and other larger areas by a series of side spray fan nozzles or hose,
or by an irrigation system of pipes and spray nozzles (often set up along constant-use
haul routes); or
• directly by hose to smaller areas during localised excavation and/or loading activities.
Once an area is wet enough to prevent wind erosion or dust generation, maintain the
watering at a rate that replaces moisture lost through evaporation, especially in windy and/or
very hot weather, which increases evaporation rates.
Wherever practicable, use the water stored in sediment retention ponds for dust suppression
and other construction-related purposes.
A granular form of calcium or magnesium chloride may also be used to supplement and
extend watering for dust suppression purposes on active haul roads and access tracks (see
section 6.2.5).
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Where to use it
use watering for dust control where it is readily available, such as from sediment
ponds.
9DO
use watering for dust control where immediate mitigation is needed.
9DO
apply water for dust control regularly, but only enough of it to wet the ground
without runoff.
9DO
take particular care when applying water for dust suppression near any water body
or stormwater inlet.
8DON’T apply water for dust control in single heavy applications that will make the water
pool, run off or cause erosion.
9DO

Limitations
• Dry fine clay, silty soils and topsoil are particularly vulnerable to pulverisation by
construction activities, which makes them prone to wind erosion.
• Large amounts of water can be needed for effective dust control, in hot and windy
weather and where there is a lot of construction traffic.
• Under-application of water means a site will remain at risk of wind erosion and dust
generation.
• Over-application of water may cause erosion and/or water pollution by sedimentcontaminated runoff.
• Wind may blow dust off stockpiles and other disturbed areas during weekends or at other
out-of-hours times, when watering for dust control is not maintained.
• Vehicles can track sediment from watered areas onto roads and create secondary dust
issues.
Design criteria
No formal design criterion is given for the use of water for dust suppression purposes.
Construction specifications
• During periods of low antecedent moisture conditions, apply enough water to prevent dust
generation without causing runoff.
• Once areas are damp enough to prevent dust generation, regularly apply enough water to
replace that lost through evaporation. This will often be an ongoing operation.
Performance inspection and maintenance
• Monitor dust emissions on a daily basis.
• Reapply water as required to effectively manage levels of dust generation, especially
when soil moisture conditions become low during hot and windy conditions.
Decommissioning
No specific decommissioning procedure is required.
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6.1.2

Other dust control measures

Description and purpose
Many of the techniques used to control water-induced soil erosion may also be used to
reduce wind erosion and minimise dust generation. The fundamental goals remain the same
for both: to minimise detachment, suspension and transportation of soil particles.
Interesting wind erosion control facts include (Institution of Engineers, Australia, 1996):
• covering thirty percent of the soil surface with non-erodable material will reduce soil
losses by 80 percent;
• roughening the soil to produce ridges perpendicular to the prevailing wind can also
reduce soil losses by 80 percent; and
• since the erosive power of wind is proportional to the cube of the velocity, a small
decrease in velocity can have a major impact in reducing wind erosion.
The following control measures are fully described in section 6.2 and can be used as part of
a systematic approach to help manage wind erosion and dust generation. These include:
1. Vegetation can be used both as temporary vegetative cover (e.g. annual ryegrass,
cereal rye or oats) on stockpiles or other areas not worked for an extended period, or as
a progressively applied permanent vegetative cover to completed areas. Vegetation will
reduce wind velocity at ground level.
2. Surface mulching can be used either as a temporary mulch (e.g. straw) to cover
stockpiles, for other areas not worked for an extended period or as a progressively
applied treatment in conjunction with permanent revegetation works. Mulching can be
extended to include gravelling of compound areas, haul roads and access tracks.
3. Surface roughening includes ripping or deep cultivation to add micro-relief to the
ground surface. This helps to reduce wind velocity at ground level and also traps rolling
or saltating (bouncing) soil particles. Track-walking will also consolidate loose surface
soil material and make it less prone to detachment.
4. Geotextiles can be used as a temporary cover (e.g. geotextile fabric) on stockpiles or
partially completed batter slopes, and as a permanent cover (e.g. vegetation promotion
blanket) on completed areas.
Other management practices that may be considered but which are not covered in this
guideline include:
5. Wind fences, fabricated from proprietary wind fence material or shade cloth material.
Sediment fencing erected perpendicular to the prevailing wind has also been
occasionally used to minimise soil loss from wind erosion on small sites. However, these
guidelines do not set out detailed specifications for wind fences on large earthworks sites
because of their very limited cost-effectiveness. For example, a two metre high fence
would only prevent wind erosion of the soils within a linear distance of about twenty
metres. This makes wind fences expensive in terms of cost and applicability on a
temporary earthworks site.
6. Minimising the extent of disturbance by reducing limits of clearing or staging of works
and limiting construction traffic to established haul roads and access tracks helps you
minimise the total area of disturbed soil exposed to wind.
7. Minimising the duration of disturbance: prompt, progressive and ongoing
revegetation and/or stabilisation of all disturbed areas as soon as final grades are
achieved help to minimise the length of time that disturbed areas are exposed to the
erosive forces of wind.
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6.2 Surface protection from raindrop impact and sheet flows
6.2.1

Grassing and hydroseeding

6

[

Ì

O

Description and purpose
Prompt revegetation with pasture grasses on disturbed areas is a key way of controlling wind
and water erosion on construction sites. Grass protects exposed soils from raindrop impact,
reduces runoff velocity and volume, binds soil particles together and inhibits weed growth.
Permanent grassing involves planting long-lived perennial grasses to provide permanent
erosion protection to disturbed or denuded areas following completion of earthworks or other
ground-disturbing activities.
Temporary grassing involves planting rapid-growing annual grasses to provide initial, shortterm cover for erosion control on disturbed areas. This is usually needed where areas are
not yet at final grade, but where further works are not planned for an extended period.
Wherever practicable, permanent grassing should be done progressively throughout the
construction sequence as areas are gradually brought to final grade. Grassing for erosion
control should not be confused with landscaping, which is typically completed towards the
end of the project, generally for aesthetic purposes.
Hydroseeding is used to establish grass and other vegetation on steep and/or inaccessible
areas or to extend the season for grass establishment. Traditional agricultural equipment,
such as seed drills and broadcasters, is more effective and cost-efficient on flatter areas and
during more favourable grass-growing seasons. Hydromulching (not the same as
hydroseeding) includes the application of a wood fibre mulch and is discussed in section
6.2.2.
Turfing, or the laying of instant lawn, may also be used to establish vegetative ‘filter’ or buffer
strips along footpaths, driveways, kerbs and channels, etc. While comparatively expensive, it
provides instant results in both visual and erosion control terms. Vegetative buffers are
mainly used for sediment control, and sometimes for aesthetic reasons, and are discussed in
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section 7.1.1. Reinforced turf may also be used as a soft armour treatment in drains and
channels, and is discussed in section 6.3.5.
Remember also that topsoil is a valuable commodity that takes long periods of time to form.
Preserve it by following the guidance in Step 6 (especially 6.6 and 6.7) when stripping and
stockpiling it.
Where and how to use it
9DO

use temporary grassing on short to medium-term stockpiles, the outside of pond
embankments, on cut and fill slopes, access/haul road embankments and any other
disturbed area that is likely to remain exposed and unworked for less than twelve
months.

9DO

use permanent grassing on stockpiles, pond embankments, cut and fill slopes,
access/haul road embankments and any other disturbed area that is likely to
remain exposed and unworked for more than twelve months (even though works
may continue later).

9DO

use permanent grassing on all disturbed or denuded areas (where appropriate)
following completion of all ground-disturbing activities.

9DO

incorporate soil surface mulching as an integral component of a seeding
programme during dry or cold periods. This will protect both the seed and the soil,
whilst also providing a better microclimate for the germination and growth of
grasses (see section 6.2.2).

9DO

incorporate fertiliser when sowing grass seed, especially if a straw mulch is used.

8DON’T rip, scarify, cultivate or harrow up and down a slope, instead follow the contour of
the land at right angles to the direction of the surface water flows.
8DON’T use aggressive, introduced or exotic species near areas of high conservation value
such as native riparian corridors or nature reserves.
8DON’T attempt to establish grasses during hot, dry and/or windy times of year unless
enough water can be applied to keep them alive.
8DON’T attempt to establish grasses during cold weather when soil temperatures are too
cold for germination and the timely establishment of a good cover. Seed sown after
March may be slow to establish so plan to regrass before then.
Limitations
Establishing a protective vegetative sward is difficult during periods of low rainfall and/or
during periods of temperature extremes. Develop construction schedules that aim to
complete seeding during autumn and/or spring. Progressive revegetation throughout these
periods will reduce the need for out-of-season seeding.
At least 80 percent ground cover is necessary if grasses are the primary source of erosion
control on areas exposed to raindrop impact and sheet flows. Allow enough lead time for
grasses to be well-enough established to provide an adequate level of protection during
periods of high or intense rainfall.
Establishment of grasses in channels, drains and other areas of concentrated flows is
discussed in section 6.3.5.
On very steep slopes or relatively unstable soils, soil bioengineering, structural stabilisation,
containment and/or other engineered solutions are usually needed.
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Design criteria
Seeding windows
•

In order to maximise germination and growth rates, the preferred seeding windows for
both temporary and permanent grassing are autumn (March and April) and spring
(September, October and November). If irrigation is available, grassing may be done
throughout the summer.

•

Temporary grassing may not be possible during winter or summer. Low soil
temperatures in winter will result in slow establishment and growth rates, while hot,
windy weather in summer will result in moisture stress and high mortality rates without
irrigation. Straw mulching is the preferred alternative for stabilising disturbed areas
during these periods (see section 6.2.2).

•

At any time during autumn or spring, any of the general soil surface mulches (section
6.2.2) or batter blankets (section 6.2.3) may be used instead of temporary grassing,
bearing in mind the working life and replacement requirements of mulches and blankets.

•

Seeding for permanent grassing may be done during summer and winter, although it’s
not recommended. A cereal such as ryecorn or wheat can be added to the mix to give
some quick cover. Protective straw mulch or bonded fibre matrix (section 6.2.2), or a
vegetation promotion blanket (section 6.2.3) must also be used during these months in
order to maximise soil protection and plant survival rates. Hydromulch is not an
acceptable alternative during summer and winter.

•

Summer seeding programmes need a watering or irrigation regime. This must deliver a
volume at least equal to the daily evaporation rate, and must be continued until natural
rainfall provides the necessary soil moisture levels for plant survival. For example, a
typical daily evaporation rate for the Canterbury Plains in January is around 6.5
millimetres, and this would require the application of 65,000 litres/hectare/day just to
replace moisture lost through evaporation.

Timing
•

Temporary grassing must be applied to all disturbed areas that are likely to remain
exposed and unworked for less than twelve months, even though works may continue
later.

•

Permanent grassing must be applied to all disturbed areas that are likely to remain
exposed and unworked for more than twelve months; even though works may continue
later.

•

Seeding works should be undertaken as soon as possible after completion of works and
should be a progressive operation.

•

An application of straw mulch may be needed as an interim surface cover between the
autumn/spring periods for both temporary and permanent grassing.

Construction specifications
Surface/seedbed preparation
• Intercept run-on water and divert it away from the area(s) to be seeded.
•

Reapply topsoil to all areas to be grassed, to a nominal depth of one hundred to one
hundred and fifty millimetres on areas flatter than 3:1 and seventy-five millimetres on
areas steeper than 3:1. On steeper slopes, consolidate loose topsoil to make it less likely
to creep and/or slump, but take care not to over-compact it. Track-walking (section 6.2.4)
is a good way to consolidate topsoil, and it also provides a series of small depressions
which capture and hold seed and moisture, thereby enhancing germination.

•

On areas flatter than 3:1 with compacted or crusted soil surfaces, rip or scarify the
surface to a minimum depth of 150 millimetres to promote moisture infiltration and root
penetration.
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•

Wherever possible, carry out all ripping or scarification on the contour and perpendicular
to the direction of surface water flows.

•

On slopes steeper than 3:1, roughen hard surfaces to a minimum depth of seventy-five
millimetres using an excavator bucket or similar. This will aid root penetration and will
also provide a key for the topsoil. Again, do the roughening on the contour and in a
direction perpendicular to surface water flows.

Seed and fertiliser mix
•

Fertiliser company representatives and consultants can test soil to determine soil
nutrient status and provide fertiliser recommendations.

•

Seek professional advice on proposed seed and fertiliser mixes. In the absence of
alternative advice, apply seed and fertiliser at the rates specified in Table 6.1.

•

Use only fresh, certified seed with a high purity and germination percentage from
reputable suppliers, preferably local.

•

Species selection must consider the project’s ecological context. Do not use aggressive,
introduced or exotic species near areas of high conservation value such as native
riparian corridors or nature reserves. If in doubt, always seek specialist advice.

•

Get an agronomic soil analysis and interpretation for sites with a suspected or known soil
fertility deficiency.

Table 6.1

General grass seed and fertiliser application rates1
Application rates for:
Typical seed mix

Flat land
developments

Hillside
developments

Temporary
grassing

Annual ryegrass, e.g. Italian rye
grass

20 kg/ha

30kg/ha

Permanent
grassing mix

Perennial ryegrass high endophyte
(cv. Nui)

15 kg/ha

20 kg/ha

Fescue, Cocksfoot (cv “Wana”)

2 kg/ha

4 kg/ha

White clover (cv. Huia) pelleted or
freshly inoculated with rhyzobia
(bacteria that fix nitrogen)

3 kg/ha

4 kg/ha

Optional Red clover (cv. Colenso)
pelleted or freshly inoculated with
rhyzobia

2 kg/ha

2 kg/ha

150 kg/ha

150 kg/ha

Fertiliser
1

12:10:10 (N:P:K)

Seek specific advice when working near areas of high conservation value or very difficult soil conditions.

Note: if the area is to become fine lawn area, finer lawn ryegrass varieties could be used without any Wana
Cocksfoot, use an annual ryegrass at 10kg/ha with a typical one-third brown top/two-thirds chewings fescue lawn
mix at 25kg/ha. The annual ryegrass will provide rapid ground cover but will gradually die out if it isn’t allowed to
seed, leaving the fine lawn species for the long term.
Wana Cocksfoot is slow to establish but is very drought hardy. It can become clumpy if not regularly mowed.
For sites with wet or salty soil conditions consider substituting Tall Fescue (cv Advance) for Ryegrass and
Cocksfoot.
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Seeding methods
•

Hydroseeding is recommended for establishing grass on areas steeper than about 3:1 and
outside the usual grass establishment period. Apply the hydroseed mix via a vehiclemounted cannon, or, for inaccessible areas, a hand-held hose and nozzle. Additional
use of a mulch to protect the seed and soil will generally enhance seed survival and
germination rates (see section 6.2.2).

•

Hydroseeding may be used to establish grass on slopes flatter than 3:1, but traditional
agricultural techniques have the potential to deliver better results at a lower cost. Modern
high-tech no-tillage seed drills such as cross-slot will provide the soil environment for
best seed establishment.

•

Traditional agricultural techniques such as drill seeding, broadcast seeding or no tillage
are the recommended methods for establishing grass on areas flatter than 3:1. The use
of covering harrows or a Cambridge roller immediately following seeding will maximise
seed-to-soil contact, thereby enhancing seed survival and germination rates – not
required with high tech no-tillage drills which have effective press wheels.

•

Hand-broadcasting and raking may also be used to apply seed and fertiliser to small
areas accessible by foot and should be just as successful, provided enough seed and
fertiliser is applied.

Hydroseed mix
•

As a minimum, the hydroseed mix must contain the appropriate seed mix and fertiliser
as listed above and any additional soil ameliorants that may be needed, plus 200–250
kilogrammesg/hectare of cellulose fibre to ensure thorough mixing and even application.
A binder must also be included when hydroseeding slopes steeper than 2:1, to help
seeds adhere to the soil surface.

•

Hydroseed slurry should normally be applied at a rate of not less than 10,000
litres/hectare.

Performance inspection and maintenance
Inspect weekly and after each rainfall event, and:
•

repair, re-seed and re-fertilise any areas damaged by insect pests, erosion, construction
equipment, motor vehicles, vandalism, etc.;

•

reseed and re-fertilise areas with unsatisfactory germination. Re-scarification may be
required on compacted soils;

•

apply additional fertilisers where plant nutrition is obviously lacking, for example, where
plants are yellowing;

•

schedule additional watering or irrigation where plants are beginning to show signs of
moisture stress, such as wilting;

•

schedule application of appropriate herbicide where re-emergence of woody and/or
broadleaf weeds has become evident. Always seek specialist advice if in doubt; and

•

if required, erect temporary barrier fencing and/or signage to restrict uncontrolled
movement of equipment and vehicles onto grassed areas.

Decommissioning
If deemed necessary from an engineering perspective, temporary grassing may be removed
from an area before it is reworked. Otherwise, a specific decommissioning procedure is not
needed for temporary grassing.
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Useful tips

9

9

9

9

9

68

Get credible, local agronomic
advice and always engage the
services
of
professional
contractors
with
specialist
equipment and a proven track
record.
Correct site preparation before
seeding is crucial to the success
of a grassing programme.

Always carry out surface
preparation parallel to the
contour and provide a key for
the topsoil.
On steeper slopes, loose topsoil
should be lightly compacted to
make it less likely to creep
and/or slump, but take care not
to over-compact topsoil.

No-till drills provide the best soil
environment
for
seed
establishment.
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Common problems

8

6.2.2

Soil surface mulching

6

Poor soil and/or site preparation is
one of the most common causes
of failed seeding or hydroseeding.

[
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Description and purpose
Soil surface mulching puts a protective layer of material over the soil to protect it from the
erosive forces of wind and water. Mulching for erosion control purposes is usually a short to
medium-term, temporary treatment. It can be used as a stand-alone surface cover or in
conjunction with a grassing programme.
Used together with grassing, mulch can prevent soil surface crusting, reduce runoff and
promote infiltration, reduce evaporation, moderate soil temperature fluctuations, protect
young plants from wind burn and frost damage and eventually provide an additional source
of organic matter.
Organic mulches include cereal straw (mostly wheat or barley crop residue), cellulose fibre
(derived from de-fibered softwood or recycled paper pulp – commonly known as hydromulch
or bonded fibre matrix when used with a binder), compost, wood chip or pine bark.
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Hay is not usually favoured as a mulching material because of its lighter weight, finer texture
and possible inclusion of agricultural weed seeds.
Soil surface mulches can also be extended to include inorganic materials such as crushed
rock or gravel. These materials are commonly used to protect reasonably flat soil surfaces
around site offices, compound areas, laydown pads and access tracks.
Erosion control batter blankets and soil binders may also be used to establish a protective
membrane over the soil surface; these are discussed in sections 6.2.3 and 6.2.5.
Where to use it
9DO
use soil surface mulching as an alternative to temporary grassing where short to
medium-term protection is required on disturbed areas that are likely to remain
exposed and unworked for anything more than two weeks (even though works may
continue later).
9DO
reapply mulch when it starts to rot down and lose its effective cover.
9DO
use straw mulch or bonded fibre matrices (BFM) to protect permanent grassing
works undertaken during summer and winter months.
9DO
use any other appropriate form of surface mulching in association with permanent
grassing works completed during autumn and spring.
9DO
use hydraulically applied BFM on slopes steeper than 2:1.
8DON’T use blown straw mulches or hydromulch on slopes steeper than 2:1.
8DON’T use any mulch in or immediately adjacent to areas of concentrated flows.
8DON’T use lightweight mulches in areas with strong prevailing winds unless the mulch has
been adequately bound or otherwise secured; for example, by track-rolling or
watering.
Limitations
Most mulches need specialised application equipment to ensure uniform coverage. Handspreading is appropriate on smaller sites, but takes great care to deliver even coverage.
Book mulching contractors well ahead if you will be needing them during the peak seeding
and mulching seasons of autumn and spring.
Straw mulch will last only about three months before you need to reapply it. Hay has a
shorter life and can introduce weed seeds, so is less preferred than straw mulch.
Access to some areas can be difficult as steep sites are developed, so develop a
progressive seeding and/or mulching programme to ensure that all disturbed areas can be
safely treated.
Mulch can be dislodged by intense rainfall or very high winds. For optimal protection, one
hundred percent surface cover must be maintained, so inspect it for damage and reapply it
when needed.
Mulch in waterways can also be a nuisance during storms, especially in urban areas where
large quantities are unsightly and may cause localised flooding problems.
When used as a primary source of erosion control, most mulches are generally limited to a
maximum slope gradient of 2:1 on stable soils. Above this gradient, BFM is the only material
suitable for use.
Design criteria
•
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Hydromulching means applying additional cellulose fibre at a rate of 1750-2000
kilogrammes per hectare over areas that have previously been hydroseeded (see

PART C EROSION & SEDIMENT CONTROL PRACTICES

Erosion and sediment control guideline 2007

section 6.2.1). In an effort to reduce costs, many contractors apply the full rate of
cellulose fibre and seed as a single-pass procedure. However, doing hydroseeding and
hydromulching as a two-pass operation yields optimal seed-to-soil contact and better
seed protection.
•

The cellulose fibres used in standard hydromulch are short and fine, increasing the rate
of soil moisture loss by capillary action in hot and windy weather. The over-all durability
of the mulch is relatively low, particularly during long-duration or high-intensity rainfall
events.

•

Include a polymer, starch or guar-based binder when hydromulching slopes steeper than
3:1.

•

Bonded fibre matrix (BFM) is sometimes described as a spray-on geotextile. BFMs are
hydraulically applied through a hydroseeder at a rate of 5000 kilogrammes per hectare.
The fibres are generally longer and coarser than a hydromulch, resulting in a stronger,
more flexible matrix.

•

Another advantage of BFMs is their high content of non re-wettable binder (typically a
cross-linked guar). Once set, they are virtually indestructible for periods of up to twelve
months and are not usually damaged by intense rainfall or high winds. BFMs can be
successfully used on slopes over 1.5:1 because the binder bonds the mulch together
and also sticks the mulch to the soil.

•

Straw is the most commonly used mulching material, based on weed-free wheat or
barley straw. A specialised machine is used to shred and blow dry straw over the area to
be treated. The application rate is 4000 kilogrammes per hectare.

•

Binders based on anionic bitumen emulsion, polymer or starch can be applied directly
into the air stream as the mulch is being distributed. An application rate of 2500 litres per
hectare ensures the binder is thoroughly mixed with the mulch to provide a stable and
durable matrix. Binders may also be sprayed over the top of the mulch following
placement, but the bonding is significantly weaker.

•

Aged compost, wood chip and pine bark can be placed via a specialised blower truck or
spread by conventional earthmoving equipment. Aged compost is an ideal planting
medium and is generally used as part of a permanent revegetation programme.

•

Wood chip has the advantage of being generally slow to break down, but because it can
lock up large amounts of soil nitrogen, making it unavailable to plants, additional
nitrogenous fertilisers may be needed for revegetation. In some instances, saps and
tannins leach from bark mulch, causing a tea-coloured discharge with a low pH. Wood
chip is therefore unsuitable for use around watercourses or in areas where water can
pond.
Note that:
•

general soil surface mulching may be used instead of temporary grassing at any time
during the autumn or spring – but remember that straw mulch has a short life;

•

straw mulching is the preferred alternative for temporary stabilisation of disturbed areas
during winter and summer, when grass seed germination and growth is slow; and

•

use of a straw mulch, BFM or batter blanket is mandatory when doing seeding for
permanent grassing programmes during summer and winter (see section 6.2.1).
Hydromulch is not suitable for use during these periods.

Construction specifications
•

Intercept run-on water and divert it away from the area(s) to be mulched.

•

When applying hydromulches and BFMs, provide enough access to allow hydroseeder
trucks to within 100 metres of the area to be treated. Straw blowers have a 20-30 metre
working range.
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•

Access may become difficult as steep sites are developed, so develop a progressive
seeding and mulching programme to ensure that all disturbed areas are treated in a
logical sequence.

•

Spread mulch uniformly at the rates specified. For small areas, hand-spreading may be
adequate. On larger sites, mechanical spreading by specialised equipment will ensure a
complete and uniform coverage at the specified rates.

•

Cover 100 percent of the soil surface to provide maximum protection.

•

Thoroughly agitate hydromulches and BFMs before application and include a coloured
dye to help operators assess coverage rates during application.

•

BFMs must be applied from at least two different directions (preferably from the top and
bottom of an area to be treated) to avoid shadowing and to ensure an even coverage of
material. Build up the final matrix slowly with a series of light applications, with enough
time between coats to allow any free water to disperse. This is particularly important on
very steep slopes.

Performance inspection and maintenance
Inspect weekly and after each rainfall event or period of excessively strong winds, and:
•

repair or replace any areas of mulch damaged or dislodged by wind or water,
construction equipment, motor vehicles, vandalism, etc.;

•

schedule application of an appropriate herbicide where woody and/or broadleaf weeds
are re-emerging; always seek specialist advice if in doubt; and

•

if required, erect temporary barrier fencing and/or signage to restrict uncontrolled
movement of equipment and vehicles onto mulched areas.

Decommissioning
If deemed necessary from an engineering perspective, temporary mulching may be removed
from an area before it is reworked. Otherwise, a specific decommissioning procedure is not
needed for surface mulching.
Useful tips

9
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Where practicable, intercept
run-on water and divert it
away from the area(s) to be
mulched.

PART C EROSION & SEDIMENT CONTROL PRACTICES

Erosion and sediment control guideline 2007

9

Temporary straw mulching
can be used as an alternative
to temporary grassing where
short
to
medium-term
protection is required on
disturbed areas that are likely
to remain exposed and
unworked for a period of time
(even though works may
continue later).

9

Mulching is often used as a
temporary surface cover until
more favourable seeding
conditions occur.

9

Blower
trucks
allow
placement of compost mulch
onto steep and inaccessible
areas.

8

Low application rates will not
give the level of protection
required. Mulches must give
100 percent soil cover.

8

Bark and wood mulch can
leach polluting lignins into
water.

Common problems
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6.2.3

Batter blankets
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Description and purpose
Erosion control batter blankets are a specific group of proprietary rolled erosion control
products (RECPs), commonly made from biodegradable materials. Like the surface mulches
described in section 6.2.2, batter blankets provide a quick, short to medium-term protective
cover of the soil surface, shielding it from the erosive forces of wind, raindrop impact and
shallow sheet flows until a sustainable vegetative sward can be established.
Batter blankets are securely pegged to the soil surface, making them suitable for use on
steep slopes, in areas inaccessible to power mulching equipment or in areas exposed to
high winds. They are also an alternative to hydraulic or blown mulches in situations where
spray drift from traditional mulching equipment has the potential to cause environmental
harm or create public nuisance, for example, around streams or near existing houses.
Batter blankets comprise:
•
vegetation promotion blankets, which are relatively thin materials used to encourage
grasses to grow up through them; and
•
vegetation suppression blankets, which are much thicker and generally used for soil
protection and weed-control purposes when pre-grown or potted plant material is planted
down through the blanket into the topsoil (generally in a landscaping context).
Don’t use erosion control mats, another group of RECPs, instead of blankets. Erosion control
mats are mainly high shear strength synthetic products and are used as soft armour channel
liners in areas of concentrated flow such as channels and drains (see section 6.3.5).
Needle-punched geotextile fabric or even builder’s plastic may be used as a temporary
blanket to cover stockpiles or high-risk areas such as steep slopes, highly erodable soils,
etc. When securely fastened, temporary blankets may be used as an alternative to
temporary seeding (section 6.2.1) and/or temporary mulching (section 6.2.2).
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Where to use it
use blankets on areas that may be slow to establish an adequate permanent
vegetative cover and/or which may not be suitable for traditional mulching.
9DO
use blankets on steep slopes, areas of highly erodable soils and/or on windy sites.
9DO
use temporary blankets to minimise soil loss from batters, stockpiles, etc. during
periods of inactivity on the site.
9DO
fasten securely.
8DON’T use blankets with a synthetic mesh component around streams or watercourses.
8DON’T use blankets in areas of concentrated flows.
8DON’T use erosion control mats, another group of RECPs, instead of blankets for the
reasons explained above.

9DO

Limitations
•
•
•
•
•
•
•

Cost of installation can be relatively high compared with traditional mulches applied with
specialised power application equipment.
OSH requirements must be considered when working on high and/or steep slopes.
Blankets do not generally provide the same level of benefit to soil quality as many of the
traditional mulches like straw mulch.
Most blankets have a limited working life of generally no more than six to nine months,
and some materials may be prone to UV degradation.
Blankets are generally not suitable where there is a likelihood of damage by livestock,
wildlife, construction equipment or vandals.
Freshly laid biodegradable blanket material can be flammable.
Floating debris may damage material when used on stream banks. Some products may
contain a fine synthetic mesh or netting that can pose a threat to a number of aquatic
species.

Design criteria
•
•
•
•
•

•

•

Only use blankets on areas of sheet flow.
Temporary geotextile batter blankets may be used instead of temporary grassing and/or
mulching (see section 6.2.1 and 6.2.2).
For specific design information, refer to the manufacturer’s product information sheets.
Use vegetation promotion blankets to provide soil protection while encouraging grasses
to grow up through the material.
Use vegetation suppression blankets to provide soil protection and weed control when
pre-grown or potted plant material is planted down through the blanket into the topsoil
(generally in a landscaping context).
Temporary blankets, such as geotextile fabrics, may be used as an alternative to
permanent grassing (section 6.2.1) and/or temporary mulching (section 6.2.2).
Temporary blankets will minimise soil loss and reduce design requirements for sediment
control devices where available space may be limited.
Coir (coconut) fibre materials last longer than jute-based products.

Construction specifications
•

Intercept run-on water and divert it away from the area(s) to be treated.

•

For specific installation instructions, refer to the product information sheets supplied by
the manufacturer. Where these are not available, follow the specifications below:
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o
o

o
o

o
o

when blankets are used with a permanent revegetation programme, topsoil, seed
and fertilise the area to be treated as set out in section 6.2.1;
make sure blankets are in good contact with the soil. This means that site
preparation works must provide a reasonably smooth and even surface grade that is
free of all rocks, clods, sticks and other debris. A heavy watering can sometimes
help to settle the soil a day or so before laying a blanket;
securely fasten blankets with 6–8mm diameter U-shaped steel pegs, about 150
millimetres long;
provide good anchorage: dig an anchor trench 300 millimetres deep along the top of
a slope, and peg the fabric along the base of the trench at 500 millimetre centres.
Backfill and compact the trench and peg the rest of the fabric at 1000 millimetre
centres;
overlap the ends of the material shingle-style with a minimum 1000 millimetre
overlap and peg them at 500 millimetre centres; and
overlap the sides of the material shingle-style in relation to the prevailing wind and
peg them down at 500 millimetre centres (reduce this to 300 millimetre centres on
extremely windy sites).

Figure 6.1
Source:

Typical geotextile batter blanket installation specification
Auckland Regional Council, 1999

Performance inspection and maintenance
Inspect daily and after each rainfall event and look for:
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•

tenting caused by broadleaf weeds and tussocky grass growing up under the fabric;

•

under-rilling caused by water flowing beneath the fabric; or

•

torn fabric, missing pegs or other damage caused by high winds or vandalism.
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Repair or replace any areas of blanket damaged or dislodged by wind or water, construction
equipment, motor vehicles, vandalism, etc.
If required, erect a temporary barrier and/or signage fencing to restrict uncontrolled
movement of equipment and vehicles onto treated areas.
Decommissioning
•
•

Remove temporary blankets, store and re-use fabric (where practicable).
Permanent blanket installation will not require decommissioning.

Useful tips

9

9
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Use batter blankets to provide
quick protection for small high-risk
areas and/or areas that may be
slow to establish an adequate
permanent vegetative cover.
Vegetation promotion blankets
allow grasses to grow up through
the fabric.

9

Use thick vegetation suppression
blankets in conjunction with pregrown or potted plant material that
is planted down through the
blanket into the topsoil (often in a
landscaping context).

9

Temporary
needle-punched
geotextile filter cloth can be used
to provide quick protection to highrisk areas and/or to minimise soil
loss during periods of inactivity.
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Common problems

8
8

8

6.2.4

Blankets not laid with enough
overlap.
Not enough pegging – close
and
secure
pegging
is
particularly important on windy
sites.
Insufficient fastening is the
biggest single problem with
blankets.

Soil surface roughening
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Description and purpose
Roughening the surface of a bare soil is a temporary erosion control procedure that
significantly reduces runoff velocity, promotes infiltration, delays formation of rills and can
significantly reduce short-term soil losses. It may also help capture small quantities of
sediment. Roughening can also reduce wind velocities at ground level, making a soil less
prone to wind erosion.
Ripping or scarification may also break up hard or compacted surfaces before seeding for
either temporary or permanent revegetation programmes. Furrows act to trap seed and
provide a moisture sink enhancing the establishment of vegetation (see section 6.2.1).
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Roughening of flatter areas is usually done with rubber-tyred agricultural or earthmoving
equipment fitted with scarifier or ripper tines. Steeper areas are generally roughened using a
general-purpose bucket on an excavator (preferably with a hydraulic tilting head) or by
walking a tracked machine up and down the slope as shown in Figure 6.2 overleaf.
Where to use it
9DO
use surface roughening on all areas where inexpensive, short-term erosion
minimisation is required; it is generally suitable for slopes up to 2:1.
9DO

use surface roughening to help with vegetation establishment.

8DON’T rely upon surface roughening as the main form of erosion control when highintensity storms or strong winds are expected.
8DON’T use surface roughening as a form of erosion control in areas of concentrated flows.
8DON’T use surface roughening for erosion control on highly erodable soils.
8DON’T track-walk very wet or very dry soils.
Limitations
•
Surface roughening will not generally provide a satisfactory level of erosion control
during high-intensity or long-duration rainfall events.
•
Ripping or scarification may allow water to enter dispersible soils or soils that are
vulnerable to tunnelling or underrunners, thereby exacerbating erosion. It may, therefore,
not be suitable on the loess soils of Banks Peninsula, especially on the steeper slopes,
where other surface protection measures may be more effective.
•
Do not roughen cut batters in highly erodable soils, such as loess, to the extent that
scarification lines are likely to collect water.
•
Do not surface roughen very dry, fine-textured soils, as they may be prone to
pulverisation, making them more susceptible to detachment and transport by either wind
or water.
•
Do not surface roughen very wet soils, especially when spreading and/or track-walking
wet topsoil material, or they will become compacted.
•
Ripping may possibly bring an accumulation of rock or buried construction debris to the
surface.
•
Indiscriminate or unplanned ripping may damage buried infrastructure.
Design criteria
•

Ripping or scarification with conventional rubber-tyred equipment is usually limited to
slopes 3:1 or flatter. Steeper areas can be safely scarified using the teeth of a generalpurpose bucket on an excavator or backhoe.

•

Wherever possible, all ripping or scarification operations must be undertaken on the
contour and perpendicular to the direction of surface water flows. Excavator or backhoe
buckets must not be used to scarify a batter face in the vertical axis.

•

Contour scarification may also be used across the face of hard cut slopes to provide a
key for topsoil, making it less likely to slip. Scarification will also encourage deep root
penetration later in the revegetation programme.

•

Track-walking can be safely done on most slopes up to 2:1 and is suited to the generally
looser surfaces found on fill slopes and soil stockpiles.

•

Walking a tracked machine up and down the slope leaves horizontal cleat impressions
perpendicular to the direction of surface water flows, effectively providing a series of mini
contour dams that trap sediment.
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•

Track-walking also consolidates loose soil, making it less likely to slump.

Construction specifications
•

Intercept run-on water and divert it away from the area(s) to be roughened.

•

Fill existing rills before roughening or track-walking a batter face.

•

Roughening must be done on the contour and in a direction perpendicular to surface
water flows.

•

Track-walking must leave well-defined cleat impressions in the soil, parallel to the
contour.

•

When track-walking topsoil material, take care not to compact it.

Figure 6.2

Track-walking a slope using a bulldozer

Source:

Auckland Regional Council, 1999

Performance inspection and maintenance
•

Inspect after each rainfall event and look for formation of rills or gullies.

•

Where necessary rework the area, repeat the surface treatment and/or establish upslope
diversion works.

Decommissioning
•
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not required.
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Useful tips

9
9

9

9

9
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Graders are an economical way to
contour rip or roughen relatively
flat areas.
Contour ripping will minimise soil
loss and promote vegetation
establishment when used as part
of a revegetation programme.

Track-walking
will consolidate
loose soil material on the face of a
batter, making it less prone to
detachment and transport by wind
or water.
When topsoiling on batter faces,
the large cleats found on low
ground pressure ‘swamp’ dozers
will provide an excellent pocket for
the capture of seed, fertiliser and
moisture.

Roughening faces too steep for
tracked machines.

81

Erosion and sediment control guideline 2007

Common problems

8

8

6.2.5

Roughening a batter face in the
vertical axis will direct surface
water flows down the slope
exacerbating erosion.
Topsoil will not effectively key into
the subsoil and is likely to slump
when wet.

Soil binders and chemical treatments
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Description and purpose
Chemical soil-stabilising agents (also known as soil binders) penetrate the soil and bind
particles together to form a cohesive membrane or protective crust which reduces windblown dust generation and the effect of raindrop erosion.
Soil binders may be liquid or powdered products, either organic (such as guars, latex or
various other timber resins) or chemical (such as acrylic copolymer or anionic bitumen
emulsions or cementitious gypsum- or lime-based products).
Soil binders are used to provide short-term protection of stockpiles, steep or relatively
unstable slopes, compound areas, inactive haul roads, etc. Some soil binders may also be
included in hydroseeding or hydromulching operations to tack seed and/or wood fibre to the
soil surface on steep slopes.
A granular form of calcium or magnesium chloride may also be used to absorb atmospheric
moisture and suppress dust on active haul roads and access tracks.
Where to use it
use soil binders and chloride dust suppression agents where short-term protection
is required – generally for less than six months.
9DO
use soil binders and chloride dust suppression agents where almost instant dust
protection is required.
8DON’T use soil binders where the established soil crust is likely to be damaged.
8DON’T use soil binders or chloride dust suppression agents in areas of concentrated flow
or in areas where periodic inundation is likely to occur.
8DON’T use soil binders or chloride dust suppression agents immediately next to streams or
other water bodies.
9DO
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Limitations
For soil binders to be effective, their surface crust must remain intact. Keep construction
equipment and site vehicles, pedestrians, wildlife and/or livestock out of all treated areas.
Hardy colonising species such as woody weeds can break through the crust.
Anionic bitumen emulsions, some acrylic copolymer emulsions and chloride dust
suppression agents have the potential to pollute some sensitive receiving waters, and
generally should not be used immediately next to streams or water bodies.
In some areas, the use of bitumen emulsions may conflict with established community
perceptions.
Design criteria
•

No formal design procedure is given for soil binders.

•

Follow the manufacturer’s recommendations for application rates and procedures.

•

Anionic bitumen emulsion will generally provide a reasonable degree of wind erosion
and dust protection when applied at a rate of around one litre per square metre. Do not
dilute bitumen emulsion before application.

•

Chloride dust suppression agents can be used to suppress dust on active haul roads
and access tracks.

Construction specifications
• Intercept upslope run-on water and divert it around areas to be temporarily stabilised with
soil binders.
• Best results are obtained on friable soils. If necessary, lightly scarify the soil to allow the
binder to fully permeate the soil surface (adding a wetting agent may also help this).
• Soil binders are generally mixed with water before application. Stir or shake powdered
products.
• Apply the solution over the area to be protected via the spray bar on a water cart, a hose
with a fine spray nozzle or through the cannon on a hydroseeder unit.
• Establish temporary exclusion zones around areas treated with soil binders and clearly
identify and/or signpost these. Discuss exclusion zones in routine toolbox meetings and
at site inductions.
• Calcium or magnesium chloride may be applied to haul roads and access tracks by a
mechanical spreader at a rate that keeps the surface moist but not so wet as to cause
water pollution or plant damage.
• Follow the manufacturer’s recommendations for the correct application procedure.
Performance inspection and maintenance
Monitor dust emissions on a daily basis.
Inspect weekly and:
• check for damage to the soil binder membrane caused by earthmoving equipment,
construction vehicles, slips or slumps, inundation, ultraviolet degradation, livestock,
wildlife or vandalism (motorcycles, four-wheel drives, etc.);
• repair any damaged areas immediately by reapplying the soil binder or by covering the
damaged areas with a temporary mulch or blanket;
• if necessary, erect temporary barrier fencing and/or signage to restrict uncontrolled
movement of equipment and vehicles onto treated areas;
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• check that chloride dust suppression agents have not been removed by excessive traffic
movements, track runoff during wet conditions, routine grading or other haul road
maintenance activities; and
• reapply as required to minimise dust generation.
Decommissioning
Soil binders and chloride dust suppression agents do not generally require a specific
decommissioning procedure, because they are broken up and incorporated into the soil by
routine earthmoving and/or construction activities.

6.3 Water management – concentrated water flows
6.3.1

Perimeter diversion measures

6

[

Ì

O

Description and purpose
Perimeter diversion measures include:
•
upslope diversions of clean run-on water;
•
downslope diversions of dirty water.
Upslope diversions of clean run-on water (also called clean water diversions) intercept clean’ runon water – that is, runoff from above the earthworks site (this is ‘clean’ in the sense that it is
not contaminated by sediment from the site itself) – and prevent it from entering work areas,
site offices, stockpiles etc, then safely direct it to stable outlets for disposal.
This minimises the potential for erosion damage to the site, with a corresponding reduction in
sediment loads and also reduces the volume of water needing treatment onsite, with a
corresponding significant reduction in the size of most of the site’s sediment control facilities.
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Diverting significant quantities of water away from the work area also allows works to restart
much sooner after rain and reduces the time and money needed to repair, maintain and/or
rework the site and any associated drainage infrastructure.
Upslope diversions may be permanent drainage works, but are often ‘long-term temporary’
structures maintained for the duration of the earthworks. They may take the form of catch
drains (usually lined with an erosion-resistant material such as needle-punched fabric),
combination bank or bund with excavated upslope channel, or earthen bank (often made
from compacted topsoil).
Downslope diversion works (‘dirty water’ diversions) generally collect sediment-laden runoff
from below disturbed areas such as work sites, compound areas and stockpiles, and direct it
to sediment treatment facilities.
Downslope diversions can be short, medium or long-term temporary structures maintained
for the duration of the disturbance above them and are usually constructed by pushing site
soils into a simple earthen bund or bank along the downslope perimeter of the work site.
All temporary diversion works must remain in place until the disturbed areas above them or
below them, as the case may be, have been permanently stabilised against erosion.
Concentrated flows can also cause tunnel gullies (under-runners) to form along the
channels. It is important to keep channels shallow to avoid getting into the subsoil, or armour
them as suggested in sections 6.3.5 and 6.3.6.
Where to use it
use upslope diversions to intercept and divert all possible clean run-on water.
construct upslope diversions as one of the first steps in the land development
process.
9DO
use downslope perimeter banks as a last line of defence to collect dirty site runoff
water and direct it into sediment controls.
9DO take care with excavations on very erodable soils such as the Port Hills. Channels
may need to be carefully stabilised in these areas, for example with lime.
8DON’T discharge diversions onto unstable soils, unconsolidated fill slopes or directly over
the unprotected bank of a stream.
8DON’T forget about sediment deposition in low-grade diversions. Schedule in a regular
inspection and removal programme as sediment deposition can severely affect the
capacity and function of the diversion channel.
9DO
9DO

Limitations
•
•
•

•
•

It is often difficult to construct a channel bank or drain with the required channel capacity
on steep slopes (greater than 20 percent).
Access for maintenance can be difficult once construction activities have commenced –
for example, unlined drains above steep slopes can become isolated.
For unlined drains or channels, site topography and boundaries must allow for an
alignment with even and stable channel grade (generally less than 2 percent). Protect
channels from erosion where grades exceed 2 percent; for example, with temporary,
geotextile fabric channel liner (section 6.3.5).
Erodable or tunnelling subsoils may be exposed along the invert of excavated catch
drains. If left unchecked, serious lower slope stability problems may result.
All upslope diversions need a stable outlet. Paved drains need an energy dissipation
structure.
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Design criteria
Upslope diversions of ‘clean’ run-on water (clean water diversions)
• Formally design all upslope perimeter diversions where catchments exceed 5 hectares.
•

A standard ‘low flow bank’ arrangement may be used on sites below this threshold, as
shown in Figure 6.3.

•

Designed diversion works must have enough capacity to safely carry the peak runoff
from the 10 minute, 5 percent AEP (20 year) storm (refer section 2.2 and Appendix A).

•

Extend this capacity to include a minimum freeboard of 300 millimetres.

•

Include all calculations, design notes, drawings, etc. in the site erosion and sediment
control plan.

•

Where practicable, choose a route for permanent structures that avoids trees, existing or
proposed service infrastructure, existing or proposed fence lines and other natural or
built features.

•

Where design velocities generally exceed one metre per second, a channel liner is
usually necessary to prevent scour (see section 6.3.5).

•

Line temporary clean water diversions with needle-punched geotextile fabric (see section
6.3.5).

•

Unlined temporary diversions with a design life longer than 60 days must be seeded and
fertilised as soon as possible, but no later than within two weeks of construction.

•

Outlets from all upslope perimeter diversions must discharge water so that the erosion
hazard to downslope lands and waterways is no greater than that in the predevelopment
condition, up to the design storm event.

•

Include appropriate energy dissipation structures at the outlet of all paved drains.

Downslope diversion works (‘dirty’ water diversions)
• Formally design all downslope perimeter diversions where catchments exceed 5
hectares.
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•

A standard ‘low flow bank’ arrangement may be used on sites below this threshold as
shown in Figure 6.3 below.

•

Where practicable, choose a route for permanent structures that avoids trees, existing or
proposed service infrastructure, existing or proposed fence lines and other natural or
built features.

•

Unless specifically designed, downslope perimeter banks should have a minimum
compacted bank height of 600 millimetres and base width of 2,400 millimetres.

•

All unlined perimeter diversions should aim to convey water at a velocity of less than one
metre per second.

•

Reduce water velocities by keeping gradients as low as possible (generally less than 2
percent).

•

Where practicable, ensure a uniform grade along the invert of the bank, because sudden
increases can cause scour, while sudden decreases may cause sediment to
accumulate, causing the bank to overtop.
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Figure 6.3

Standard low flow bank

Construction specifications
•
•
•
•
•
•

•
•
•

Plan and construct all perimeter diversion works as part of the initial site
establishment/development activities discussed in sections 4 and 5.
Prioritise these works and install the most important upslope control measures first.
Define the route and survey it to get the gradient right.
Remove and correctly dispose of trees, brush, stumps, etc. along alignment.
Remove and stockpile topsoil.
Build unlined drains with a uniform grade along the invert, because sudden increases
can cause scour, while sudden decreases may cause sediment to accumulate, causing
the bank to overtop.
Thoroughly compact all earthen banks by tracking with construction equipment.
Take particular care to ensure that the channel does not erode. Robust channel liners
may be necessary, particularly in erodable loess soils.
Ensure finished cross section meets all design requirements; this is particularly important
with drains lined with loose rock.

Performance inspection and maintenance
Inspect weekly and before and after each rainfall event, and:
• check for scour along invert, and at or below the outlet;
• look for low spots, areas of water ponding and/or formation of tunnel gullies;
• check for sediment deposition and debris blockage;
• check for bank slumping and/or overtopping;
• check for holes in the ground that may indicate that tunnels are beginning to form, and, if
any are found, promptly seal them off and fill them in and take any other water
management action necessary to prevent further water ingress; and
• immediately repair, remove deposition or blockage and/ or reconstruct as required.
Decommissioning
•

Remove temporary structures only when all disturbed areas below the bank have been
stabilised.

•

Fill, compact and shape all disturbed areas to blend in with the finished landform.

•

Stabilise all areas disturbed as part of the removal process; apply seed and fertiliser,
protect with surface mulch or erosion-control blankets if required.
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Useful tips

9
9
9
8

9
9
9
9

8

9
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Perimeter channel surveyed
and well constructed.
Constant 2 percent grade.
3:1 side slopes.
Needs stabilisation (hydroseed,
geotextile fabrics, etc.).

Good perimeter bund with
some straw mulch stabilisation.
Gentle slope to site which
minimises erosion at the entry
point to the diversion measure.
All runoff from site captured by
bund.
Grade generally acceptable;
any steeper would require
stabilisation
(e.g.
needlepunched geotextile).
More mulch, grass stabilisation
needed on bund.

A low, raised earth bund can be
effective on low-gradient sites.
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9
9
9
8
8

6.3.2

Temporary
clean
water
perimeter channel on gentle
grade.
Channel well protected by
fabric.
Fabric well fastened both on
the bank and in the channel.
Sediment
fence
required
between bare bank and
temporary channel.
Channel side slopes should be
no steeper than 3:1.

Mid-slope runoff diversion measures (contour drains)
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Description and purpose
Mid-slope contour banks and/or drains are short-term, temporary structures placed across
unprotected slopes within the working area at the end of each day’s work, before site
closedown or when rain is imminent. They may also be placed across other disturbed areas
that are likely to remain exposed and unworked for a period of time. Although commonly
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called contour drains, this term is misleading as they need to be constructed slightly off the
contour for drainage purposes.
Strategically located, temporary mid-slope diversion measures are constructed to break up
work area catchments into smaller, more manageable units. Reducing slope length reduces
erosion potential. Temporary mid-slope diversion measures may also be used in conjunction
with surface roughening to achieve further reductions in the volume and velocity of runoff.
Use temporary mid-slope diversions where practicable to direct sediment-laden runoff from
the work area into a series of control devices strategically located throughout the project site,
or towards a dirty water perimeter bank/collector drain discharging into a sediment control
device.
A temporary, compacted earthen windrow can be placed along the top edge of a fill slope
during its construction to minimise scour damage caused by uncontrolled runoff. Windrows
can be placed and replaced on a daily basis to intercept runoff and direct it safely to the cut
to fill line or down a temporary needle-punched geotextile-lined chute. This chute can be
progressively extended as the formation rises (see section 6.3.3).
Cut-offs (or cross banks) must be used to break up slope length and catchment area on
steep access tracks or haul roads (greater than 10 percent). These structures must regularly
intercept runoff and direct it across the track’s running surface to a predetermined discharge
point. Cut-offs must be spaced such that the velocity and volume of track surface runoff is
maintained at a manageable level and so that rills and gullies are not formed. Some
proprietary products are useful for this.
Effective control of these concentrated flows along their length and at the outcall is essential
on steep slopes and soils such as the unstructured loess on Banks Peninsula (see section 5
(step 1.2)).
Mid-slope contour banks and/or drains are often used as a short-term treatment to minimise
surface water flows across newly seeded areas.
Where to use it
use mid-slope contour bank/drains to break up water flow on slopes longer than 80
metres and steeper than 5 percent.
9DO
use mid-slope contour bank/drains to direct water towards sediment control
devices.
9DO
use temporary windrows along the top of fill batters greater than 1.5 metres in
height.
9DO
use cut-offs to manage track surface runoff on sections of access tracks or haul
roads with a gradient steeper than ten percent.
9DO
provide an erosion-proof outfall.
8DON’T use cut-offs on access tracks steeper than 20 percent; either choose a more
appropriate route or pave the track surface.
9DO

Limitations
• Mid-slope diversions will channelise otherwise innocuous sheet flows, thereby increasing
erosion potential. This is of most concern on any steep slope and in any vulnerable soils
such as unstructured loess and fine, dry soils.
• Their informal design means bank/drains have the potential to overtop during highintensity rainfall.
• Steep channel grades will increase flow velocities and cause additional scour.
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• Excessively flat channel grades mean sedimentation is likely to occur, reducing capacity
and resulting in overtopping.
Design criteria
•

Formal design of mid-slope contour bank/drains is not required, as these structures
generally remain in place for less than 72 hours.

•

Temporary contour banks/earthen windrows should have a minimum depth or
compacted bank height of 500 millimetres.

•

Temporary contour drains must have a minimum depth of 300 millimetres.

•

Cut-offs must have a minimum compacted height of 500 millimetres and must be broad
enough (8 –10 metres) to create a low-profile bank (like a very broad speed bump) that
trucks and/or other large equipment can safely go over.

•

Build all temporary mid-slope diversions with gradients not exceeding 2 percent and
locate them so as to intercept and direct site water across the works at a non-erosive
velocity (generally less than one metre per second).

•

The exact location of temporary mid-slope diversions must be determined according to
actual field conditions and the requirement for a suitable outlet. Indicative maximum
catchment slope lengths are provided in Table 6.2 below.

Table 6.2

Maximum catchment slope and inter-bank spacing
Slope gradient (%)

Indicative bank spacing (m)

<5%

80

5%

50

10%

40

15%

30

20%

25

30%

20

Construction specifications
• Construct temporary contour bank/drains across unprotected slopes within the working
area at the end of each day’s work, before site closedown or when rain is imminent.
•

Start from an erosion-proof outlet and work back.

•

Where practicable, break the work area up using a series of more or less evenly spaced
blocks, using the slope length and spacing guide in Table 6.2 above.

•

Keep the invert gradient around 2 percent and make the bank/drain as short as possible.

•

Do not site the discharge from one structure where it will immediately flow down the
slope into the next structure below it.

•

A grader can construct a blade-spillage windrow, but make sure blade corner tip does
not cut the bank or drain, as the resulting V-shaped drain will be likely to scour along the
invert or bank.

•

An excavator or backhoe can construct a parabolic drain.

•

Compact all earthen windrows and banks by tracking with construction equipment.
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Performance inspection and maintenance
Inspect after each rainfall event, and:
•

check for invert scour, low spots, sediment deposition, bank slumping and/or
overtopping; and

•

immediately repair or reconstruct if site works are not scheduled to recommence at once.

Decommissioning
Decommissioning is not needed, as these structures will be removed by subsequent
construction/earthmoving operations.
Useful tips

9

9

9

9

9

9
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Temporary, mid-slope contour
banks can be quickly and easily
constructed with a grader at the
end of each day’s work or when
rain is imminent.
These banks can also be used to
direct sediment-laden runoff from
the work area to a sediment
control facility.

Temporary windrows can be
maintained along the top edge of
a fill slope under construction.
This will minimise scour caused
by uncontrolled runoff flowing
over the batter face.
Windrows should direct runoff
into
a
temporary,
needlepunched geotextile-lined chute
(not shown) or to the cut to fill
line for safe disposal.
A compost-filled fabric barrier
across an access track can
intercept and direct runoff to
predetermined outfalls. These
can be pulled to one side during
work periods and reinstated at
the end of work or in the event of
rain. Care is needed to ensure
correct overlap between the
individual barriers and that the
ground is smooth enough to
avoid undercutting.
The barrier sock can be filled
with gravel or earth, but this is
heavier to move.
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9
9

8

A mid-slope diversion channel
with good shape and lined with
rock for erosion protection.
Rock lining is good but rock
needs to be a minimum of 150
millimetres in diameter (section
6.3.6).
The surrounding land needs
grassing and/or mulching for
surface stabilisation and to
minimise sedimentation of the
protective rock.

Common problems

8

9
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Excessive grade will cause scour
along the invert.
The bank is directing sedimentladen runoff from the work area
into a stacked rock and
geotextile sediment trap at the
cut to fill line.
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6.3.3

Flumes
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Description and purpose
Temporary flumes on construction sites are usually relatively steep structures designed and
constructed to safely transport concentrated runoff down the face of unstabilised slopes
without causing erosion. Flumes may be designed to carry clean or dirty water depending on
where they are in the site’s overall water management system.
Flumes may be used at the inlet to sediment ponds and also at the final point of discharge
into streams or watercourses. Flumes may also be used to stabilise an active gully head.
They are commonly used in association with the perimeter diversions detailed in section
6.3.1, which act to collect and direct water into the flume.
Flumes may be either temporary or permanent structures. Temporary flumes may be
fabricated from needle-punched geotextile fabric, steel or plastic half-round pipes, rock,
sandbags, construction ply or even builder’s plastic. Any number of products can be used,
provided they can convey water safely over exposed soils or unstable slopes. However, they
do vary in robustness, so should be chosen with care.
Flume-like structures may also be strategically located along a constructed flowline or
watercourse to establish a series of grade-stabilising structures (step and stair effect). These
structures (the check dams described in section 6.3.4) act to reduce invert gradient, thereby
reducing velocity of flow and minimising bed scour.
The terms ‘flume’ and ‘chute’ are often used interchangeably. For the sake of brevity and
convenience, this guideline uses only the term ‘flume’, apart from Figures 6.5 and 6.6 in this
section.
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Where to use flumes
9DO
use flumes where slopes are steeper than 3:1 and where channelised water flows
must be conveyed down otherwise unstabilised slopes.
9DO
make sure that the inlet is well dug in to avoid undercutting.
9DO
progressively extend temporary flumes as the construction formation evolves.
8DON’T install them unless there is a good maintenance system onsite. They will require
ongoing inspection and possible remedial action.
Limitations
•
•
•

•
•
•
•

The topography of the site must allow collection of flow at the inlet.
Guide water into the centre of the flume.
Construct the flume with enough cross-sectional profile to adequately contain flows. The
flume liner should be impervious and must prevent water from flowing under the
structure.
Energy dissipation is usually always needed at the bottom of a flume to avoid scour of
the receiving channel.
Discharge the water from the flume at a non-erosive velocity.
Continually extend temporary flumes as cut and/or fill slopes are progressively
constructed.
Damage to the flume may result from slippage or slumping caused by unstable
foundation material.

Design criteria
•

Temporary flumes, when used on construction sites, should be limited to:
maximum catchment area of 2.5 hectares for catchments steeper than 10 percent;
and
o maximum catchment area of 5 hectares for catchments flatter than 10 percent;
– there must be a formal design of temporary structures when contributing catchments
exceed these limits.

o

•

Temporary flumes must provide:
o
o
o
o
o

an effective flume width of 1.5 metres per hectare of contributing catchment area;
flume gradient no flatter than 3:1;
minimum 500 millimetres compacted height of inlet bank or wing walls at top of
flume;
minimum 300 millimetres deep cut-off trench at top of flume (to avoid undercutting of
fabric); and
minimum 300 millimetres chute sidewall height (or flume depth).

•

Flumes should incorporate a one-metre-long, stabilised entry apron to minimise draw
down scour and this should be on at least 3 percent grade.

•

The flume should be extended beyond the toe of the slope being protected and the
outfall must be adequately protected with an appropriate energy dissipation device; for
example, sandbags or loose rock of minimum 150 millimetres diameter for temporary
structures.
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Figure 6.4

Typical flume on a fill slope

Source

Institution of Engineers, Australia, 1996

Figure 6.5

Flume

Source

After Auckland Regional Council, 1999
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Figure 6.6

Chute

Source

After Auckland Regional Council, 1999

Construction specifications
•

Flumes must be oriented directly downslope.

•

Wherever practicable, construct the flume on well-compacted soils or on undisturbed
soils.

•

Ensure bund or wing walls are high enough and shaped so as to direct water into the
centre of the flume. Use compacted earth, sandbags or other measures as necessary to
ensure water does not flow past the entry.

•

Provide a stabilised apron one metre in width at the top of the flume, e.g. geotextile
fabric, to minimise draw-down scour as water accelerates down the flume.

•

Construct a 300 millimetre cut-off trench across the top of the flume/apron so that water
can not get under fabric and cause scour under the flume.

•

Ensure the flume is deep enough so that water stays in it; work to a minimum 300
millimetre depth.

•

Securely fasten fabric to soil. Follow the manufacturer’s specifications; otherwise pin the
fabric at 0.5 metre intervals.

•

Provide a velocity dissipation structure at bottom of flume such as sandbags or loose
rock. Do not discharge water directly onto bare, unstable or erodable soils.

Performance inspection and maintenance
Inspect weekly and after each rainfall event and check for evidence of:
•

water bypassing the flume;

•

water undermining the flume;
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•

water overtopping or outflanking the flume; or

•

scour at the base of the flume or in the receiving channel downstream of it.

Extend the length of the flume as earthworks progress and repair and/or modify flume as
required.
Decommissioning
•
•
•

Keep flumes in place until runoff has been controlled and all disturbed areas have been
stabilised, or until permanent stormwater systems have been commissioned.
Remove temporary flume materials and where possible re-use or recycle them into
future works.
Stabilise all areas disturbed as part of the removal process; apply seed and fertiliser,
protect with surface mulch or erosion-control blankets, if required.

Useful tips

9

9
9

9
9

9
8
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Temporary flumes made
from
needle-punched
geotextile filter fabric can be
easily extended as the
formation rises.
Fabric must be securely
pegged.
Temporary flumes can be
used to direct sedimentladen water into sediment
traps.

Wooden flumes can be
easily made and work
effectively.
Plastic has been used to
provide lining to the flume
and a wooden tray provides
some energy dissipation at
the bottom of the structure.
Good pipe inlet.
Plastic
lining
needs
refastening in places.
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9

9

A temporary earthen bund
has been placed along the
top of this fill slope to
minimise scour damage to
the batter face.
Builder’s plastic has then
been used to fabricate a
temporary flume to safely
carry water to the bottom of
the slope.

Common problems

8 Water has jumped out of the

8

flume near the top and has
subsequently scoured out
the foundation material.
The flume has not been
adequately anchored and
has broken apart. Water has
then begun to seep out and
flow
underneath
the
structure.

Rock flume under construction

9 Good-sized

rock, although it
needs a mix of different rock
sizes.
8 No fabric under the rock,
meaning water will erode
beneath it.
8 Rock needs to be extended
further up the sides to contain
the flow.
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6.3.4

Check dams
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Description and purpose
Check dams are small structures usually placed in series across open drains or small
channels to reduce flow velocity below the scouring threshold or critical scouring velocity for
the soil concerned.
Temporary check dams are most commonly used during construction to reduce invert scour
in drains or channels that will be reworked, filled, grassed or otherwise stabilised at a later
time. While they do trap some sediment, they are not designed for use as sediment retention
measures.
Temporary check dams are typically constructed of loose rock or sandbags. Prefabricated
and re-useable triangular plastic material is now also available, and reinforced fabric dams
can also be used.
Where to use it
9DO
use check dams in temporary drains or channels where their short length of service
means use of non-erodable lining can’t be justified, but which still need some
protection to reduce erosion.
9DO
use check dams to protect temporary or permanent drains or channels while
vegetative cover is being established. Make sure there is no sediment loading
through this period.
9DO
use UV-resistant fabric material.
8DON’T use check dams as a primary source of sediment control.
8DON’T place check dams across perennial streams or watercourses unless they have
been specifically designed for this.
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Limitations
•
•
•

•

•
•
•

Channels will erode when the dams are too far apart.
Limited contributing catchment area.
Check dam spacing becomes excessively close on steep slopes, making it an
impractical option; in these situations it is often more useful to protect the drain with a
temporary liner such as needle-punched geotextile fabric or fine-weave coir mesh (see
section 6.3.5).
Access for maintenance (e.g. sediment removal) can often become difficult once
construction has started; for example, temporary unlined drains can become isolated
above steep slopes.
Check dams may not give enough erosion protection when highly erodable or tunnelling
subsoils are exposed along the invert of excavated drains.
Often expensive and unwieldy on dynamic construction sites.
Fabric check dams must be reinforcing and tied back to deadmen. Scouring under these
can be a problem.

Design criteria
•

The contributing catchment area for a complete series of check dams should not exceed
1.5 hectares on catchments with slopes steeper than 10 percent, or 3 hectares on
catchments with slopes flatter than 10 percent.

•

Formal design is needed when catchment areas exceed these values. All calculations,
design notes, drawings, etc. must be included in the site erosion and sediment control
plan.

•

The maximum height of a check dam depends on the depth of the drain into which it is
being placed, but as a general rule, the spillway level of a check dam should be no
higher than 600 millimetres.

•

All check dams must incorporate a spillway to direct flows over the centre of the
structure. The spillway elevation must be at least 150–200 millimetres lower than the
crest of the structure.

•

As a general rule, position check dams so that the toe of the upstream dam is at the
same elevation as the crest of the downstream dam.

•

Recommended check dam spacing is shown in Table 6.3.

•

Isolated check dams can be located by simply observing scour patterns along the invert
of the drain/channel. The point where scour starts is where the flow velocity has
exceeded the soil’s resistance to erosion: this is the point where velocity must be
reduced and a check dam should be placed.

•

Loose-rock check dams should be constructed with batter slopes no steeper than 2:1.

•

When used on highly erodable soils, check dams should be placed on a needle-punched
geotextile fabric to minimise the chance of water undermining the structure.

Construction specifications
•

Confirm spacing/location of check dams in relation to the gradient of the drain or existing
scour patterns. Start from the bottom and work up channel. Check that the invert of the
drain or channel is stable above the top check dam.

•

Construct the centre of the check dam 150–200 millimetres lower than the outside edges
to form a well-defined spillway.

•

Verify dam location and spillway depth with an automatic level or other suitable
equipment such as a 3 metre straight edge and a spirit level.
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•

Continue loose rocks or extend sandbags approximately 300–400 millimetres away from
the downstream toe of the dam to form a small protective apron below the spillway to
armour the area below the dam when water runs over the spillway.

•

Place a needle-punched geotextile fabric beneath check dams constructed on highly
erodable soils.

•

Make sure that fabric used for sandbags or similar is UV-resistant.

•

Extend the toe of fabric dams at least one metre upslope and then bury it in a 300
millimetre deep trench.

Figure 6.7

Check dam construction

Source:

Auckland Regional Council, 1999

Table 6.3

Check dam spacing

Source:

Auckland Regional Council, 1999
Slope

Spacing (m) between check dams
450mm height

600mm height

Less than 2%

24

30

2-4%

12

15

4-7%

8

11

7-10%

5

6

Steeper than 10%

Unsuitable: use a stabilised
channel

Performance inspection and maintenance
Inspect weekly and after each rainfall event and check for:
•

102

damage to the structures by earthmoving equipment and/or general construction
operations; repair or replace, as required;
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•

damage to the structure caused by large flows; repair and/or modify, as required;

•

water outflanking the structure and scouring around the edges; increase spillway depth,
crest height and/or turn-up at edges of structure;

•

scour immediately below spillway area; provide additional overflow scour protection; or

•

invert scour of channel in between structures; reduce spacing between structures as
required.

Decommissioning
•
•
•

Remove check dams when no longer needed, and where possible salvage all materials
for re-use in future check dams or other works.
Do not remove check dams that are protecting grass-lined channels until a complete and
sustainable cover has been achieved.
Areas disturbed by the removal process must be seeded, fertilised and protected with
surface mulch or erosion-control matting if required.

Useful tips

9
9
9

9
9
9
8
8
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Well-defined spillway.
Good overflow protection on
downstream side of structure.
Note check dams located in
series down this roadside
drain.

Good top-to-toe spacing.
Good spillway provision.
Dams constructed in series.
V-shaped channel will scour
easily.
Channel
sides
need
stabilising,
e.g.
by
hydroseeding.
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9
9
9
8
8

Good top-to-toe spacing.
Good fabric lining of channel.
Wide channel base.
Rock should be shaped to
direct water through a central
spillway.
Channel sides should be
sloped back (section 6.3.1).

Common problems

8

8

8

8

8
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Not enough upslope turn-up
on
side
of
structure,
resulting in water outflanking
the structure.
Excessive spacing and/or
unsuitable
location;
unchecked, high velocity
flow causing invert scour.

These check dams had
insufficient strength and
were destroyed by large
flows.
The catchment is too large
(as seen by the flows
through the structures) and
needs to be reduced.
Larger rock is required to
strengthen the structures.
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6.3.5

Soft armour channel lining systems
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Description and purpose
Grass-lined or geotextile-lined (soft armour) drains and channels carry concentrated runoff to
a stable outlet without damage from erosion or sedimentation. In some situations, a
vegetative lining (either reinforced or un-reinforced) can provide enough stability for the
channel cross section and grade. Refer to section 6.3.1 for the design of open drains and
channels.
In most cases, a sound, well-established grass cover should provide an acceptable level of
erosion protection for a flow velocity of 1.0–1.5 metres per second, depending on whether it
is a sandy soil or stiff clay. Where the design flow will produce higher velocities, additional
protection must be provided by incorporating various channel lining materials such as
erosion-control revegetation mats (surface-laid synthetic mat for soil surface protection) or turf
reinforcement mats (buried, three-dimensional synthetic matrix for root reinforcement).
Pre-grown turf may also be used for a quick and visually acceptable result. Reinforced turf
must be used in areas where expected flow velocity will exceed 1.5 metres per second.
Biodegradable channel liners such as fine-weave jute mesh or coir mesh may also be used
to provide short to medium-term protection to a freshly prepared channel during the initial
vegetation establishment period. Needle-punched geotextile fabric or builder’s plastic may
be used to provide a temporary channel lining during construction.
Do not confuse the erosion-control mats used in drains and channels with the erosion-control
blankets used on batter slopes: mats are more robust with a much higher tensile and shear
strength characteristics than batter blankets.
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Where to use it
use wide, shallow, flat-bottomed or parabolic-shaped drains.
design the channel to convey the flow from the 10-minute, 5 percent AEP (20-year)
storm.
9DO
use un-reinforced grass or turf-lined drains where flow velocity is less than 1.0 to
1.5 metres per second.
9DO
use reinforced grass or reinforced turf-lined drains for flow velocities over 1.5
metres per second.
9DO
use needle-punched geotextile filter cloth or builder’s plastic to temporarily line
drains and channels during construction.
8DON’T use V-shaped drains, because they concentrate flow and cause scour.
8DON’T use vegetation-lined channels to convey heavily sediment-laden water.
8DON’T let them go ‘live’ until all necessary armouring is in place and operational.
9DO
9DO

Limitations
•
Grassed channels need an even, uniform and sustainable grass cover to be fully
effective. The most critical period is immediately post-seeding and before establishment
of the final grass cover. Use short to medium-term biodegradable channel liners during
this period.
•
Grassed channels seeded in summer will need ongoing watering.
•
Construction schedules and project deadlines may result in unsuitable seeding times. If
this is the case, geotextiles will be indicated.
•
Grass-lined channels need ongoing maintenance: surface-laid materials may be
inadvertently damaged during mowing or slashing. Use low-growing species to minimise
mowing requirements and the retarding effect that tall grasses will have on channel
capacity and flow dynamics.
•
Persistent trickle flows can waterlog the invert, reducing plant vigour and/or making it
more prone to scour.
•
Materials and installation of some permanent soft armour systems such as threedimensional turf reinforcement mats can be expensive.
•
Geotextile fabrics are often ripped out because of poor pinning or being poorly dug into
the anchor trench.
•
Outfalls will often erode unless well protected.
Design criteria
•
Initial drain or channel design must be completed as set out in section 6.3.1.
•
Where the calculated velocity exceeds 1.0–1.5 metres per second, proprietary erosioncontrol revegetation mats (surface laid) or turn reinforcement mats (buried) should be
used for grassed channels. Otherwise, use needle-punched geotextile fabrics during
construction. Follow the manufacturer’s recommendations for maximum permissible
velocities and installation requirements.
•
Pre-grown reinforced turf may also be used for quick results.
•
All soft armour drains or small channels must be designed and constructed with either a
parabolic (spoon-shaped) profile or a trapezoidal (flat-bottomed) profile. V-shaped drains
concentrate shear forces across a narrow invert and will scour very quickly.
•
Temporary biodegradable channel liners should be used to provide short to mediumterm protection of freshly prepared drains/channels during the initial vegetation
establishment period.
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Figure 6.8

Examples of correct and incorrect soft armour channel lining systems

Source

Institution of Engineers, Australia, 1996)

Construction specifications
•
•

•

Build the drain or channel as set out in section 6.3.1.
For grassed channels, use short to medium-term biodegradable channel liners during
period immediately post-seeding and before establishment of the final grass cover, in
order to ensure an even, uniform and sustainable grass cover.
For proprietary products, follow the manufacturer’s installation procedures. Where these
are not available, follow the steps below:
o overcut the channel dimensions to allow for placement of 50 millimetres of topsoil
material for grassed channels;
o mats must have good soil contact. Site preparation works must provide a reasonably
smooth and even surface grade that is free of all rocks, clods, sticks and other
debris. A heavy watering can sometimes help to settle the soil a day or so before
laying a mat;
o mats are usually fastened with 2–3 millimetre diameter U-shaped wire pegs, about
150 millimetres long;
o provide a good anchorage and do not allow water to run underneath the fabric.
Construct a 300 millimetres deep anchor/cut-off trench across the full width of the
drain at the upstream end, and peg the fabric along the base of the trench at 300
millimetre centres. Backfill and compact the trench. Peg the remainder of the fabric
at 1000 millimetre centres. See indicative figure 6.1 in section 6.2.3;
o install intermediate cut-off trenches periodically along the drain as specified by the
manufacturer’s installation procedures;
o overlap the ends of the material shingle-style in relation to the direction of flow, with
a minimum 300 millimetre overlap. Peg it at 300 millimetre centres; and
o overlap the sides of the material shingle-style in relation to transverse flows which
may enter the drain and again peg them down at 300 millimetre centres.
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Figure 6.9

Typical erosion-control mat detail

Source:

Synthetic Industries (product brochure)

Performance inspection and maintenance
Grassed channels: inspect weekly and after each rainfall event and check for:
•

even and uniform establishment and persistence of grasses along the full width and
length of the drain or channel;

•

scour along invert and/or across the shoulder where transverse flows enter the drain;

•

scour damage around crossings or below culverts;

•

damage caused to the channel by earthmoving equipment, construction vehicles,
maintenance equipment, inundation, livestock, wildlife or vandalism;

•

the need to apply additional fertilisers where plant nutrition is obviously lacking; for
example, as indicated by yellowing;

•

the need to schedule application of appropriate herbicide where emergence of broadleaf
weeds has become evident (always seek specialist advice if in doubt); and

•

the need to schedule additional watering or irrigation where plants are beginning to show
signs of moisture stress by wilting.
Repair, re-seed and re-fertilise damaged areas as required.
If required, erect a temporary barrier and/or signage fencing to restrict uncontrolled
movement of equipment and vehicles onto treated areas.
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Geotextile-lined channels: inspect weekly and after each rainfall event and check for:
•

scour along invert and/or across the shoulder where transverse flows enter the drain;

•

scour damage around crossings or below culverts;

•

damage caused to the channel by earthmoving equipment, construction vehicles,
maintenance equipment, inundation, livestock, wildlife or vandalism;

•

the need to immediately replace any damaged fabric;

•

the need to erect a temporary barrier and/or signage fencing to restrict uncontrolled
movement of equipment and vehicles onto treated areas.

Decommissioning
Geotextile-lined channels:
• keep temporary, needle-punched geotextile fabric linings in place until the permanent
stormwater system has been commissioned; and
• remove temporary materials and, where possible, reuse or recycle them into future works.
Useful tips

9

9

9
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Trapezoidal
(flat-bottomed)
drains will spread shear forces
across a larger area, making
the invert less prone to scour.
Widening drains will reduce the
depth of flow, which will further
reduce shear forces along the
invert.

Biodegradable channel liners
such as fine-weave jute mesh
or coir mesh will provide short
to medium-term protection for
a freshly prepared channel
during the initial vegetation
establishment period.
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9

8
8
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Needle-punched
geotextile
filter cloth may be used to form
a temporary channel liner
during construction.
Channel side slopes are too
steep and should be battered
back.
The fabric needs to be
replaced.

8

Poor shape will concentrate
shear forces across a narrow
invert and scour very quickly.

8

Grassed soft armour systems
should not be used to carry
heavily sediment-laden water,
because
deposition
will
smother emerging grasses
and render the installation
useless.
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6.3.6

Hard armour channel lining systems
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Description and purpose
Hard armour channel lining systems are erosion-resistant linings designed to convey highvelocity concentrated flows. Hard armour is generally used when the design flow velocity
exceeds the specifications of needle-punched geotextiles or reinforced vegetation lining.
Hard armour systems can be expensive and are therefore usually used where permanent
erosion control will eventually be needed. However, they can also be used where property
value justifies the cost of containing the design runoff in a limited space, or in high-velocity
sections of diversion channels, in steep sections or bends.
Typical hard armour channel linings include loose rock, rock-filled wire mattresses, concrete
or half armco pipes. Loose rock is ‘flexible’ to the extent that it can conform to uneven
ground contours. Rock lining is increasingly used in roadside drains to protect them from
erosion.
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Where to use it
use hard armour channel lining systems where the establishment and/or
maintenance of a geotextile fabric or an even and uniform vegetative lining may not
be practicable.
9DO
use hard armour channel lining systems where flow velocities are likely to exceed
2.5 metres per second (check the manufacturer’s recommendations for maximum
velocity of soft armour channel lining systems).
9DO
use hard armour channel lining systems (or a lined invert as a minimum) where
inundation or persistent trickle flows are expected.
8DON’T use hard armour lined drains without an energy dissipator at the outlet.
8DON’T use loose rock or rock-filled wire mattress lined channels to convey heavily
sediment-laden water.
9DO

Limitations
•

Cost of materials and installation can be expensive.

•

Rigid linings such as concrete are less forgiving of foundation conditions and may
introduce high velocities that must be controlled and dissipated at the channel outlet.

•

Weed and/or pest management can be difficult in drains lined with loose rock or rockfilled wire mattresses.

•

The calculated rock size may not be available, or may be too large in proportion to the
drain size.

•

It is very difficult to de-silt a drain lined with loose rock or rock-filled wire mattresses.

•

Rock-filled wire mattresses can be damaged by turbulent transport of bedload (sand and
gravel) and/or flood debris.

Design criteria
•

A formal design must be done for the drain or channel (see section 6.3.1).

•

Specify hard armour lining where expected flow velocities are likely to exceed 2.5 metres
per second.

•

Loose rock or rock-filled wire mattresses will allow some foundation settlement and
movement.

•

Needle-punched geotextile filter fabric must be placed beneath all loose rock or rockfilled wire mattresses when used in concentrated flows.

•

Loose rock or rock-filled wire mattresses may be topsoiled and revegetated for a ‘softer’
appearance. However, the need for ongoing vegetation maintenance and/or weed
management implications must be fully considered at the design stage.

•

As an alternative to full-width hard armour lining, consider the incorporation of a lined
invert to carry trickle flows, with reinforced vegetative lining on the sides to carry high
flows.

•

Concrete-lined drains/channels must include a cut-off wall at the beginning of the paved
section as well as expansion and contraction joints.

Loose rock-lined drains
• Loose rock-lined drains are preferred because the rock adjusts to unstable foundation
conditions without failure, repairs are quick and inexpensive and the roughness of the
rock reduces outlet velocity and allows some infiltration.
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•

The preferred drain geometry is a parabolic profile with side slopes 3:1, not to exceed
2:1. Overcut the channel to allow for placement of rock at design thickness.

•

Crushed rock is more suitable than rounded river stone. Rock should be heavy, hard and
resistant to weathering.
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•

Minimum average rock size should be 160mm. Rock size can be determined by D50 =
40(v)2, where D50 is median rock size (mm) and v is average channel velocity (m/sec)
(Peterka, 1984).

•

Maximum rock size should be no larger than 1.5 x D50.

•

Rock thickness should be 1.5 times the maximum rock size.

•

Place the rock over a needle-punched geotextile filter cloth membrane.

Figure 6.10

Maximum design flow velocities

Source:
Note:

Landcom, 2004
If sizes or velocities are above those specified, seek a specific engineering
design.
Material

Type
Rock-filled wire
mattresses

Thickness
(m)
0.50
0.30
0.23
0.17

Rock size
(mm)
120–250
100–150
70–100
70–100
D50 (kg)

Loose rock
(assume 100
percent soil cover)

1000
500
100
50
10

Maximum velocity
(m/sec)
6.4
5.0
3.6
3.5
Maximum velocity
(m/sec)
6.6
5.7
4.5
3.8
3.0

Construction specifications
•

Build drains or channels as set out in section 6.3.1.

•

Overcut the channel dimensions to allow for the design thickness of rock, rock-filled wire
mattress or concrete.

•

Install subsoil drains or weep holes where required to prevent uplift or piping.

•

Incorporate a cut-off wall at the upstream end of the paved section of the drain.

•

Incorporate expansion joints at 30m intervals and contraction joints at 5m intervals along
concrete-lined drains.

•

Put needle-punched geotextile filter fabric beneath all loose rock or rock-filled wire
mattresses.

•

Pack rock tightly to eliminate voids and to ensure a dense, relatively uniform lining.

•

Pay particular attention to the edges of the rock protection to avoid undermining; blend
the rock with adjacent land surface to allow transverse runoff flows to freely enter the
channel.
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Figure 6.11

Detail of typical loose rock-lined drain

Source:

Auckland Regional Council, 1999

Performance inspection and maintenance
Inspect weekly and after each rainfall event and check for:
•

scour along invert, across the shoulder where transverse flows enter the drain and/or at
or below outlet: repair and/or modify as required;

•

dislodged rocks, damaged wire mattresses or broken concrete: repair and/or modify as
required;

•

damage caused to the drain by earthmoving equipment, construction vehicles,
maintenance equipment or vandalism: repair and/or modify as required;

•

excessive weed growth. Schedule application of appropriate herbicide where emergence
of weeds has become evident. Always seek specialist advice if in doubt.

Decommissioning
Hard armour channel-lining systems are permanent features and do not require
decommissioning.
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Useful tips

9
9

9
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Good-sized rock laid in the
bottom of the channel and slightly
dished to convey flows.
A loose rock-lined drain must
have enough cross-sectional
shape to contain the design
storm event. Roughness of the
rock will cause water to take the
path of least resistance and flow
along the outside of the drain. In
this case, the channel is confined
by the side slopes, which have
been recently hydroseeded (the
white appearance on the banks),
for permanent grass protection.

Concrete-lined
drains
will
introduce high velocities that
must be controlled and dissipated
at the channel outlet.
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9

9

Due to their higher coefficient of
roughness,
loose
rock-lined
drains must have enough crosssectional profile to contain the
design storm event.
A small section of drain lined with
loose rock or rock-filled wire
mattress can also be used at the
outlet end of a concrete-lined
drain to help dissipate energy.

9

Put needle-punched geotextile
filter fabric beneath all loose rock
or rock-filled wire mattress lined
drains.

8

Don’t use systems lined with
loose rock and rock-filled wire
mattress
to
carry
heavily
sediment-laden water. It is very
difficult to de-silt a drain lined
with loose rock or rock-filled wire
mattress.

Common problems
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7

SEDIMENT CONTROL PRACTICES

7.1 Sediment control in sheet flows
7.1.1

Vegetative buffer zones and turf filter strips

6

[

Ì

O

Description and purpose
Vegetative buffer zones and turf filter strips may be used to separate disturbed land on a
construction site from an adjacent property, stream or stormwater system.
Vegetative buffer zones are areas of existing grass cover which are retained at appropriate
locations to remove small volumes of sediment from shallow sheet flows before it leaves the
project boundary.
Turf filter strips should be retained immediately upstream of impervious surfaces such as
newly formed roads, kerb and channel and pathways to filter small volumes of runoff before
it enters the stormwater system.
Take care to ensure that only sheet flow is directed through the vegetative strips and that
they are densely vegetated and have sufficient width. They have a limited sediment retention
capacity.
Where to use a turf filter strip
9DO
9DO
9DO
8DON’T
8DON’T

use below small sites with low sediment discharges.
use a dense sward of low-growing grasses or other ground covers.
use as a final treatment together with a range of other control measures.
use below large earthworks sites that will discharge large quantities of sediment.
use areas with tussocky grasses or woody shrubs as buffer zones.
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8DON’T use riparian vegetation as buffer zones; use separate dedicated areas upslope
from riparian lands.
8DON’T use where there is concentrated flow or sparse grass cover.
Limitations
• Only suitable for shallow sheet flows on slopes less than 10 percent.
• Only suitable for low sediment yields (less than 10 tonnes/hectare/year); excessive
sediment deposition will smother and kill the grasses.
• Buffer zones and filter strips must have well-established and uniform grass providing
close to one hundred percent soil surface cover.
• Availability of a grass buffer zone of the required width adjacent to the project boundary.
• Buffer zones and filter strips must be used as an integral component of an erosion and
sediment control system, not instead of it.
• Ineffective during periods of heavy or prolonged rainfall.
Design criteria
•

Buffer zone and filter strip performance increases as catchment area and slope gradient
decreases.

•

Buffer zones for broad disturbances should be located along the contour, with a
maximum slope of 10 percent and a width in metres equal to five times the slope
gradient (in percent).

•

For narrow disturbances, such as construction corridors less than 5 metres wide, the
buffer zone width should be equal to one and a half times the slope gradient (in percent);
with a minimum buffer zone width of 5 metres.

•

Buffer zones to be generally located along the downslope boundary of works. Preserve
existing grass cover wherever practicable.

•

Turf filter strips should be at least 500 millimetres wide and placed next to completed
kerb and channel, or footpaths. Include 1.5 metre returns at 10 metre intervals to stop
water flowing along beside the turf strip.

•

Location and management of buffer zones and turf filter strips must be clearly identified
and discussed in the erosion and sediment control plan.

Table 7.1
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Minimum buffer zone width below broad disturbances
Slope gradient
(%)

Minimum buffer
zone width (m)

2

10

4

20

6

30

8

40

10

50
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Table 7.2

Minimum buffer zone width below narrow disturbances
Slope gradient
(%)

Minimum buffer
zone width (m)

2

5 (min)

4

6

6

9

8

12

10

15

Figure 7.1

Typical location of turf filter strip showing returns

Source

Institution of Engineers, Australia, 1996

Construction specifications
•

Clearly identify and mark out the areas to be retained for use as vegetative buffer zones
before starting any earth-disturbing works.

•

If possible fully fence out buffer zones to restrict access.

•

To maximise sediment-trapping effectiveness, place turf filter strips proud of the soil
surface.

•

Install regular returns to stop water running alongside the turf strip.

•

Excessive sediment deposition in all areas must be carefully removed to avoid damaging
the remaining grass cover.

Performance inspection and maintenance
Inspect weekly and after each rainfall event and:
•

check for scour damage, damage caused by vehicles and/or construction equipment,
installation of utilities and services, vandalism, etc.;

•

repair or re-seed damaged or degraded areas, replace missing or smothered turf;

•

remove gross accumulation of sediment without damaging the grass cover, e.g. by handraking;
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•

investigate the source of the sediment and stabilise it, if practicable, or provide an
alternative form of sediment control;

•

apply additional fertilisers where plant nutrition is obviously lacking; for example, where
plants are yellowing – but take care not to over-fertilise;

•

schedule additional watering or irrigation where plants are beginning to exhibit signs of
moisture stress by wilting;

•

if required, erect temporary barrier fencing and/or signage to restrict uncontrolled
movement of equipment and vehicles onto treated areas; and

•

direct runoff away from the buffer zone if its condition has deteriorated significantly;
alternatively, replace it with a sediment fence (section 7.1.3) or similar.

Decommissioning
Remove barriers and signage following completion of all construction activities and following
satisfactory stabilisation of all disturbed or denuded areas.
Useful tips

9

120

Buffer zones or filter strips must be
clearly identified and marked to
prevent damage or disturbance.

9

Turf filter strips must include returns
placed at 10m intervals (maximum)
to stop water flowing along beside
the turf strip and causing scour.

8

Good grass growth but the buffer
strip needs to be wider.
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Common problems

8
8

7.1.2

Lack of returns has allowed water
to flow alongside the turf strip and
cause scour.
Buffer strip needs to be wider.

Straw bale barriers

6
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Good retention of sediment for removal upslope of the barriers, but note sediment being tracked outside it.
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Description and purpose of a straw bale barrier
A line of straw bales, placed end to end along a contour, will capture predominantly coarse
sediments carried in sheet flow. Straw bale barriers temporarily pool sediment-laden runoff,
slowing the velocity and allowing enough time for most sediments to settle out of the water
by gravity. The stored water then slowly decants around the bales or through the gaps
between bales. Water may initially decant through the bales but they will clog very quickly
and then function as mini dams.
The upstream face of a straw bale barrier may be lined with a needle-punched geotextile
fabric pegged to the barrier to improve rigidity of the structure. Sediment fencing is generally
the preferred alternative to straw bale barriers because the use of straw bales has been
abused in the past. Bales of hay are generally not suitable for use as sediment control
barriers.
Where to use it
9DO
use straw bale barriers to intercept sheet flows from very small catchment areas
(0.3 hectares).
9DO
place straw bale barriers as close as possible to the sediment source, with its
active length along the contour to allow a storage pool to form behind the structure.
9DO
place with the cut edge of the bale down and the string off the pavement to reduce
short-circuiting below the bale.
8DON’T put straw bale barriers across contours (up and down the hill).
8DON’T use straw bale barriers across contours to divert water.
8DON’T place straw bale barriers across concentrated water flows.
8DON’T expect them to filter runoff; they won’t.
Limitations
Straw bales:
• will not reliably capture soil particles finer than 0.02 millimetre in diameter (fine silts and
clays);
• are only suited to very small catchment areas – 0.3 hectares;
• will deteriorate quickly and are easily damaged; maximum service life of six to eight
weeks;
• must be used as part of a systematic approach to managing sedimentation, in
combination with a series of other control measures throughout the site;
• may introduce weed seeds; and
• are often vandalised or stolen from the site.
Design criteria
• Maximum slope length behind a straw bale barrier no more than 30 metres (see Table
7.3).
• Incorporate returns at twenty metre intervals (see Figure 7.3).
• Maximum slope gradient behind a straw bale barrier is 20 percent (see Table 7.3).
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Table 7.3

Straw bale barrier design criteria
Slope gradient
(%)

Slope length above barrier
(m) (maximum)

Spacing of
returns (m)

Less than 5

30

20

5–10

20

20

10–20

10

20

Construction specifications
•

Place straw bale barrier along the contour; use laser level or other device to confirm
alignment and levels.

•

Excavate a trench line one bale-width wide and a minimum of 100 millimetres deep.

•

Place bales in trench with strings horizontal and tightly butt the bales together.

•

Include a return at the end of the barrier so that water will pool behind the structure;
include intermediate returns at 20 metre intervals.

•

Secure each bale with two steel waratah posts (include plastic safety caps) or 50
millimetre by 50 millimetre tanalised timber stakes.

•

Minimum stake length is 800 millimetres, driven 300-400 millimetres into the ground.

Performance inspection and maintenance
Inspect weekly and after each rainfall event and check for:
•

loose stakes, loose, damaged or degraded bales (for example, with broken strings);

•

damage caused by errant earthmoving equipment, delivery vehicles, large rocks,
cascaded fill, ultraviolet degradation of the strings, vandalism, etc.;

•

undercutting caused by water flowing under the structure or leaking between bales; or

•

scour caused by structure overtopping or outflanking.

Repair any damage immediately and/or modify the structure as required, and:
•

remove deposited sediment when the depth exceeds 30 percent of the height of the
structure; and

•

dispose of removed sediment to an area where it cannot be washed into or onto
receiving environments.
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Figure 7.2

Typical installation of straw bale barrier

Source

Auckland Regional Council, 1999

Figure 7.3

Construction of returns

Source

Landcom, 2004
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Decommissioning
• Keep straw bale barriers in place until the contributing catchment has been stabilised
and is no longer contributing sediment.
• Remove and correctly dispose of all accumulated sediments.
• Remove and re-use stakes.
• Backfill the trench and compact the soil; re-grade and smooth as required.
• Stabilise all areas disturbed as part of the removal process with topsoil, grass seed and
straw mulch (or use the decommissioned bales) as required.
Useful tips

9
8

Well butted and staked.
Located in concentrated
flow path.

9

Alignment of barrier is along
the contour.
Good use of vegetative
buffer strip with straw bale
barrier.
Bales are lying on their
strings; bales must sit on
their edges with the strings
horizontal.
Bales need to be staked.
Returns are needed at 20m
intervals.

9
8

8
8
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Common Problems

8
8

8
8

Bales not staked.

The catchment is far too big
and the barriers are located
in concentrated flow paths.

Bales stacked two high.

The catchment is far too big
and the barriers are located
in concentrated flow paths.

9
8

Good staking of the bale.

8

More bales are required to
avoid outflanking.

8

Twine needs to be off the
ground.

Inappropriate position for
straw
bale
barrier
(concentrated flow).

Note that only the coarsetextured sediments have been
retained behind this measure.

126

PART C EROSION & SEDIMENT CONTROL PRACTICES

Erosion and sediment control guideline 2007

7.1.3

Sediment fences
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Description and purpose
A sediment fence is a temporary barrier of woven geotextile fabric that is used to capture
predominantly coarse sediments carried in sheet flow. Sediment fences temporarily pool
sediment-laden runoff, slowing down the flow rate and allowing enough time for most
sediment to settle out of the water. The stored water then decants through the semi-porous
fabric leaving the deposited sediment behind. These are commonly termed silt fences, but
the term sediment fence better reflects their ability to capture coarse rather than fine
sediments.
Different manufacturers sell fabrics of different pore sizes, but, if the term ‘sediment fence’ is
specified when purchasing, the pore sizes and consequent flow rates through the fabric are
very similar. In practice, sediment fences quickly clog up with sediment and therefore,
effectively act as small dams, hence the importance of keeping the catchment small. Fences
with larger pore sizes and the associated greater flow rates will clog up more slowly, but this
has the undesirable effect of reducing the retention and allowing more sediment to pass
through before clogging occurs. To accommodate the slower flow rate of the standard
sediment fence fabrics, the catchment size is kept small and the upslope length is reduced.
For steeper slopes that will generate more sediment runoff, reinforcing is suggested as an
alternative to larger pore sizes.
Where to use it
9DO
use sediment fences only to intercept sheet flows.
9DO
put sediment fences as close as possible to the sediment source, with its active
length along the contour to allow a storage pool to form behind the fence as in
Figure 7.4.
9DO
install reinforcing chain mesh behind the fence for strength, as required.
9DO
put sediment fences parallel to the contour.
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8DON’T put sediment fences across contours (downhill).
8DON’T use sediment fences across contours to divert water.
8DON’T put them across concentrated water flows.
Limitations
Sediment fences do not capture many soil particles finer than 0.02 millimetre in diameter
(such as those that comprise fine silts and clays) because of the short detention time of
water behind the fence and/or the relatively large pore size of most fabrics.
The pores in the sediment fence fabric quickly become blocked with fine-textured sediments,
which then make them relatively impermeable. Because of this, and their relatively flimsy
nature, sediment fences are often reinforced with chain link fence, particularly where
construction material may roll down or rest on them.
They can be a relatively high-cost measure.
Sediment fences are best used as part of a systematic approach to managing erosion and
sedimentation in combination with other control measures throughout the site.
Section 10 of this guideline discusses how to use sediment fences on small sites such as
house construction lots.
Design criteria
•

Design and build so as to remain structurally sound.

•

Maximum slope length behind a sediment fence should be no more than 100 metres
(see Table 7.4).

•

Maximum slope gradient behind a sediment fence should be 50 percent (1:1) (refer
Table 7.4).

•

Reinforce the fence with chain link fence when the fence is constructed at the toe of
slopes and when above-slopes exceed 20 percent (see Figure 7.6).

•

Fence height above ground is around 400 millimetres.

•

Minimum depth of fabric buried below ground is 200 millimetres.

•

Support the fence with steel waratah posts (include plastic safety caps) or 50 millimetre
by 50 millimetre tanalised timber posts.

•

Minimum post length is 800 hundred millimetres, driven 400 millimetres into the ground.

•

Maximum post spacing is 2000 millimetres. This can be extended to 4000 millimetres by
incorporating a 2.5 millimetres high-tensile fabric support wire into the middle and top of
the fence.

•

Allow at least 500 millimetres (vertical height) upslope return at each end of the fence so
that water does not outflank the ends of the fence (see the photo above for illustration of
return).

•

Join fabrics as shown in Figure 7.5.

•

The maximum length of individual sediment fences should not exceed 50 metres:
o
o
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either use a series of shorter sediment fences so as to minimise potential impact of a
structural failure (see Figure 7.4);
or build a series of minimum 2 metres long returns along the fence, spaced as in
Table 7.4. Build the returns by continuing the fabric around the return and doubling it
back so as to avoid join in the fabric forming potential weak spots (refer Table 7.4
and Figure 7.5).
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Table 7.4

Sediment fence design criteria
Maximum slope length
draining to fence (m)

Spacing of
returns (m)

Flat gravel

100

50

Flat silt loam (0–10%)

60

50

Sloping silt loam (10–20%)

50

40

Steep silt loam/loess (>20%) #

30

30

Flat clay (<10%)

60

50

Steep clay (>20%)*

30

30

Soil type

# Reinforce sediment fences on slopes >20% as shown in Figure 7.6.
Figure 7.4

Sediment fence location

Source

Institution of Engineers, Australia, 1996

Construction specifications
•

Always install the main body of the sediment fence along the contour. Use a laser level
or other device to confirm alignment and levels.

•

Turn end of fence upslope at least 500 millimetres (vertical height) so that water will pool
behind the fence.

•

Excavate the trench line a minimum 200 millimetres deep and minimum 100 millimetres
wide.

•

Install waratahs/posts at 2000 millimetre intervals on the downslope edge of the trench,
to a minimum depth of 400 millimetres below the undisturbed ground surface level.

•

Install middle and top 2.5 millimetre high-tensile support wires and guy wires as shown in
Figure 7.5.

•

Join fabrics as shown in Figure 7.5.

•

If installing a chain link fence, ensure that it is fastened to the waratah posts first and that
it is inserted in the trench to the full 200 millimetre depth.
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•

Secure the fabric to upslope side of posts and support wires; fasten with wire ties,
heavy-gauge wire staples or gang nails.

•

Fasten fabric to support wires with wire ties or fastening clips at one hundred and fifty
millimetre intervals.

•

Backfill the trench over the toe of the fabric and thoroughly compact the soil.

•

Where trenching is not practical, in small areas such as surface rock, footpaths,
driveways, etc., place gravel-filled sandbags end to end to secure the toe of the fence on
the upslope side. Make sure they butt securely to each other.

Figure 7.5

Sediment fence construction details

Source

Auckland Regional Council, 1999
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Figure 7.6

Reinforced sediment fence (‘super’ silt fence)

For use on slopes steeper than 20 percent.

Performance inspection and maintenance
Inspect sediment fences weekly and before and after each rainfall event:
•

check for damage caused by sagging or torn fabric, broken support wires, loose
waratahs or posts, leaking joints in the fabric, overtopping, outflanking and/or
undercutting and any other signs of weakness or failure;

•

sediment fences can clog up with fine-textured sediment, so when dry shake or kick
them to dislodge fines, or replace them if they are clogged beyond repair;

•

check for damage caused by errant earthmoving equipment, delivery vehicles, large
rocks, cascaded fill, ultraviolet degradation, vandalism, etc.;

•

repair any damage immediately and/or modify the structure as required; for example, by
extending the return, providing a stabilised outlet and the like;

•

remove sediment deposits when the depth exceeds 30 percent of the height of the
fence;

•

take care when removing sediment to avoid damaging or undermining the fence; do not
remove the backfill material over the toe of the fabric; and

•

dispose of removed sediment to a site where it cannot be washed into or onto receiving
environments.

Decommissioning
•

Keep sediment fences in place until the contributing catchment has been stabilised and
is no longer contributing sediment.

•

Remove and correctly dispose of all accumulated sediments.

•

Remove fabric, support wires and posts.
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•

Backfill the trench and compact the soil. Re-grade and smooth as required.

•

Stabilise all areas disturbed as part of the removal process with turf, mulch, gravel, etc.
as required.

Useful tips

9
9
9
9
9
9
9
9
9
9
9

9
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Trenched 200mm into the ground.
Main length of fence along the
contour.
Good waratah spacing.
Use of top wire and fabric well
fastened.
Good use of vegetative buffer strip
behind fence (section 7.1.1)
Good end wing distance upslope
of the main body of fence to
contain site runoff.
Main length of fence along the
contour.
Pool of water forming behind the
structure, allowing sedimentation
to occur.
Good post spacing.
Good toeing in of fabric.
Note the ‘high tide’ mark and the
effect that the weight of water has
on the fabric. Sediment fences
quickly block with fine-textured
sediment.

Good use of returns, isolating
small sections of the site.
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Common problems

8

8

9

Fence follows contour.

8
8

Toe of fence not dug in.
Structure will not pool water
and/or trap sediment.
Undercutting (failure) will occur.
Waratahs/posts too far apart.
A top wire has been used but
fastening of fabric to wire too
far apart.
Low point needs to be
reinforced with chain link fence
and tied back to deadmen.

8
8
8
8

8

8

8
8
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Returns on ends of fence too
short, allowing bypassing of
flows: this also means that the
full height of the fabric is not
being utilised in retaining
sediment-laden water.
Water is now outflanking the
fence.

Fence
put
across
a
concentrated flow – also an
indication that the catchment
area is too big.
Concentrated
flow
has
overtopped the fence, causing
additional
erosion
and
sediment generation.
Waratahs/posts too far apart.
No supporting wires.
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7.1.4

Site exit points

6

[
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Description and purpose
Site exit points include all points where construction traffic leaves disturbed areas and enters
sealed roadways or public streets. Devices here aim to remove mud or soil from tyres as
vehicles leave the site, thereby reducing dust generation, mud tracking and/or sedimentation
of stormwater systems.
Minimising sediment egress onto public roads also reduces road safety hazards.
A rock apron placed over a needle-punched geotextile fabric is the simplest form of site exit,
but is only suited to small-scale development or building works. Shaker ramps are suited to
most medium to large-scale developments; however, in some specific cases a semiautomatic high-pressure wheel wash system may be required to provide a more appropriate
level of control.
Where to use it
9DO
locate rock aprons, shaker ramps or wheel wash stations as close as possible to
the boundary of the works area.
9DO
use formalised site construction exits at all points where traffic will leave a site and
enter a sealed roadway or a public street.
8DON’T use rock aprons as site exit points on sites larger than 1 hectare.
8DON’T locate site exit points on steep slopes, in areas of concentrated flows, or next to
watercourses, streams or stormwater inlets.
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Limitations
• Rock aprons and shaker ramps will reduce sediment movement, but will not eliminate it
completely.
• Operation and maintenance of semi-automatic, high-pressure wheel wash systems can
be expensive, but will provide much higher efficiencies.
• All devices will require ongoing inspection and maintenance during wet conditions.
Design criteria
• Temporary construction exits do not necessarily need to be located at the permanent site
entry/exit point.
• Minimise the number of site exit points.
• Locate all site exit points so that departing vehicles cannot bypass these devices.
• Show the location and discuss the management of all site exit points in the erosion and
sediment control plan.
Rock aprons
• Minimum dimensions are 15 metres long and either 3 metres wide (one-way exit) or 6
metres wide (two-way entry and exit).
•

Fabricated from crushed rock or recycled concrete 50 to 75 millimetre diameter with a
minimum thickness of 150 millimetres.

•

Place the rock over a needle-punched geotextile fabric membrane.

•

Continue the rock apron right up to the edge of the sealed pavement.

•

Pass the runoff from the apron through an appropriate sediment control device.

Shaker ramps
• Fabricate a purpose-built shaker ramp (this may also include a wheel wash trough) or
use a prefabricated cattle grid.
•

Must be minimum of 5 metres long to allow at least one full revolution of a truck tyre.
Two cattle grids should be placed one in front of the other to provide enough length.

•

Locate shaker ramps as close to the edge of the sealed pavement as possible
(considering public safety issues).

•

Stabilise with rock or gravel the section of access road between the shaker ramp and the
sealed pavement.

•

Pass the runoff from the shaker ramp area and/or effluent wheel wash systems through
an appropriate sediment control device.

Construction specifications
• Plan and construct all site exit points as part of the initial site establishment/development
activities discussed in section five.
• Construction traffic must not be permitted to bypass these structures; erect appropriate
signage, barricades or temporary fencing to ensure all traffic passes over/through the site
exit points.
Rock aprons
• Direct any surface water flows away from the apron area.
•

Remove all topsoil from area beneath the rock apron.

•

Working away from the edge of the sealed pavement, lay out needle-punched geotextile
fabric and place rock to the required thickness.

•

Pass the runoff from the apron area through a suitable sediment control device.
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Shaker ramps
• Direct any surface water flows away from the ramp area.
• Place cattle grids or shaker ramps in the desired location and construct stabilised
approach and departure ramps if required.
• Continue stabilised access track surface (e.g. gravel) from the device all the way to the
edge of the sealed pavement; do not leave any sections of unstabilised track surface in
between the shaker ramp and the sealed pavement.
• Pass the runoff from the grid/ramp area through a suitable sediment control device.
Performance inspection and maintenance
Inspect weekly and after each rainfall event and:
•

remove accumulated sediments from beneath shaker ramps or from wheel wash sumps;

•

top-dress rock apron with additional aggregate when mud blockage becomes evident;
and

•

remove sediments from sealed pavements by sweeping or vacuuming; do not allow
sediment to be washed into the stormwater system or any adjoining water body.

Decommissioning
•

Only remove the site exit points when all contributing access tracks and haul roads
within the construction area have been stabilised.

•

Remove rock from apron and reuse or incorporate into other works where practicable;
dispose of geotextile fabric.

•

Remove shaker ramps and reuse at another location/project.

•

Remove stabilised approach/departure ramps and any other rock-stabilisation works;
reuse or incorporate into other works where practicable.

•

Stabilise all disturbed areas.

•

Remove adjacent sediment control devices and safely dispose of accumulated
sediments.

Useful tips

9
9
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Two cattle grids have been placed
one in front of the other to provide
enough length.
Section of access between shaker
ramp and sealed pavement has
been stabilised with rock (under
drive wheels of truck).
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9
9
8
8
8

9

High-pressure wheel wash systems
may be required where a high
standard of public safety and/or
environmental
protection
is
required.

9

A combination shaker ramp and
wheel wash trough can be easily
fabricated and moved from site to
site.
Section of access track between
device and sealed pavement has
been stabilised with rock (on lefthand side of device).
Signposted (on right-hand side of
device).

9

9

9
9
9
8
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Rock apron has been placed over a
geotextile membrane.
Correct length and width.
Poor location for site exit,
immediately adjacent to stormwater
inlet.
Construction traffic can easily
bypass the apron as they leave the
site.
Straw bale is serving no useful
purpose.

Signposted.
Good roughness element to grid to
shake mud and soil from tyres.
Gravel
protection
to
access
between grid and sealed pavement.
Not long enough: two grids should
be placed one in front of the other.
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Common problems

8
8

8
8
8

8
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Grid not long enough; minimum
15m required.
No stabilisation between grid and
sealed pavement.

Rock apron has filled with soil and
sediment and needs maintenance.
No geotextile membrane under rock
apron.
Not long enough; minimum 15m
required.

Site exit point not being used,
resulting in disturbance of other
parts of the site and sediment being
tracked off site.
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7.2 Sediment control in concentrated flows
7.2.1

Sediment retention ponds
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Description and purpose
A sediment retention pond is a temporary pond constructed either by excavation or by the
formation of embankments to retain sediment from site construction works. It has a
permanent pool of water to reduce re-suspension of retained sediments by inflow, an
operational volume through which storm flows can be temporarily detained, and dewatering
devices that skim clearer water from the top and so minimise the discharge of suspended
sediment. A well-constructed sediment retention pond is one of the most robust measures
currently available to treat sediment-laden runoff from an earthworks site. Such ponds are
now a key sediment retention measure on larger construction sites.
They are commonly termed silt ponds, but the term sediment retention pond better reflects
their ability to capture a range of sediment particles. Even so, fine-textured particles can be
very difficult to capture. For this reason, and because sediment retention ponds are the usual
default sediment removal device on larger sites, many of the different aspects that make up
a sediment retention pond have been refined over the years to optimise their effectiveness in
retaining sediment retention efficiency. They therefore, have a significant number of ‘moving
parts’ and need more attention to detail to get them right than do other measures.
Remember safety issues: ponds are dangerous and should be fenced.
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Also remember geotechnical considerations: ponds are large structures and may not be
suitable on weak slopes, such as the unstructured loess soils of Banks Peninsula and the
Port Hills.
Where to use it
9DO
9DO

9DO
9DO
9DO
9DO
9DO

9DO
8DON’T
8DON’T
8DON’T

8DON’T

put sediment retention ponds as close as possible to the sediment source. Make
sure that site runoff can be conveyed to the pond.
use fore bays, sumps or pits around site to retain coarser particles and, thereby
minimise the need to clean out of the pond. These should be positioned upslope of
the pond where steeper slopes merge with more gentle slopes.
clean ponds out when 20 percent full of sediment.
keep them operational until the catchment has been stabilised against erosion.
use sediment fences around the area while the pond is being constructed.
undertake an as-built assessment to ensure it is built as designed.
keep the catchment of any one sediment retention pond at less than 10 hectares.
Robust diversion channels or bunds will be necessary to convey sediment-laden
runoff to the ponds. It may be easier to construct another, more convenient pond
for larger catchments.
remember about safety around ponds.
put them where maintenance will be difficult: ensure all-weather and all-season
access.
discharge treated runoff over bare or erodable ground.
put them in watercourses, below large operational stormwater reticulation systems
or on weak and potentially unstable slopes such as those in the loess soils of
Banks Peninsula.
skimp on construction, as it will invariably be more costly to come back and repair.
This applies particularly to the installation of anti-seep collars, compaction, and
level spreaders.

Limitations
A sediment retention pond with the associated side slopes and surrounding bunds can take
up a considerable area of land. This must be recognised and allowed for when laying the
pond out. There may not be enough room to construct them on steep land.
They are also often the last control measures to be removed at the completion of works (they
should be retained until the catchment is stable against erosion) and can, therefore, conflict
with site sign-off.
The outlet pipe-work through the embankment is usually the weakest point of a sediment
retention pond. Two anti-seep collars need to be installed on the pipe and, most importantly,
the backfilled soil must be thoroughly compacted around the discharge pipes, anti-seep
collars and the emergency spillway.
Although ten hectares is suggested as an upper limit, it can be difficult to get site runoff to a
pond with such a large catchment because of the length of the flow path. Therefore, be
careful not to make a pond catchment too large and take care when placing/designing the
associated runoff conveyance systems. If design of these becomes difficult, it may be better
to build one or more additional ponds and provide further runoff diversion systems.
The pond floor must be level, otherwise the required pond capacity may not be achieved.
Decant systems can be easily blocked with floating debris, and need regular cleaning; for
example, with a swimming pool brush. For smaller ponds, consider putting chicken mesh or
similar around the perforated upstand to prevent material from blocking the upstand drainage
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holes. Floating decants can also easily be hooked up on the supporting waratahs, so the
waratahs need to be positioned away from the moving arc of the decant arm.
The upstand is often wrongly constructed higher than the emergency spillway, so review the
completed structure carefully and rectify as required.
Level spreaders at pond inlets spread pond inflows so as to reduce turbulence and
encourage settling in the pond, but even a slight variation from the horizontal will adversely
affect this. If timber is used to form the level spreader, then it must be very securely
fastened, preferably with concrete, to avoid twisting, warping or movement of the wood.
Steel plates etc. can be simpler to use instead of timber, and can also be reused.

Figure 7.7

Schematic sediment retention pond

Source

Auckland Regional Council, 1999

Pond sizing criteria
•

Measure the volume of a pond from the base of the pond to the top of the outlet riser.

•

Ensure that the pond has a minimum depth of 1metre.

•

Different soil types determine the required pond size, as shown in Table 7.5, below.

•

Calculate the volume of a pond calculated using the runoff from the 10-hour, 20 percent
AEP rainfall event (which in Christchurch approximates a 50 millimetre storm). For any
given storm, site runoff will vary with the soil type and the typography as shown in Table
7.5. The rational formula (Appendix A3) is used in CCC’s Waterways, Wetlands and
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Drainage Guide, and similar runoff coefficients (Cv1) are used in this guide for
consistency.
Table 7.5

Soil type, slope and pond size based on Christchurch rainfall
Soil type

•

Cv

Pond sizing
(m3/hectare)

Flat gravel (<5%)

0.15

75

Sloping gravel (>10%)

0.25

125

Flat silt loam (<5%)

0.3

150

Sloping silt loam (10–20%)

0.4

200

Steep silt loam (>20%)

0.5

250

Clay (<20%)

0.45

225

Clay ( 20%)

0.55

275

The required pond sizes for sites with rainfall markedly different from that recorded at
Christchurch and shown above in Table 7.5 can be determined from:
Above pond volume x [site 10-hour, 5-year rainfall/50]

•

Note that rainfall can vary markedly over short distances as topography changes, e.g. on
the Banks Peninsula/Port Hill area, so it is important to ensure that the right rainfall
information is used. Refer to section 2.2 and Appendix A.

Pond shape criteria
•

The minimum depth of a pond is one metre. The length to width proportions of a one
metre deep pond can be 2:1. Length to width is measured between the inlet and outlet.

•

The length to width proportions of a one to 2 metre deep pond should be no less than
3:1 and no more than 5:1.

•

Ponds should not be deeper than two metres, to avoid short-circuiting and potential
decant arc problems.

•

Baffles across/along the pond may be needed to direct pond flows and so achieve the
required length to width ratio. These need to be constructed to the height of the primary
outlet.

Level spreader design
•

A level spreader is used at the inlet to the pond to spread inflow, reduce velocity and
maximise the full size of the pond. A level spreader consists of a 200 by 50 millimetre
straight timber plank laid on its edge, levelled and fastened into place with concrete,
bolted through waratahs or other secure fastening systems (timber stakes are not
recommended, as they usually move and allow spreader deformation).

•

The length of the level spreader should be the same width as the base of the pond.

•

Position it 100-200 millimetres above the invert of the emergency spillway.

1
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This is called Cv or Volumetric C to differentiate it from Peak Flow C. Cv values are taken from
the CCC’s Waterways, Wetlands and Drainage Guide and verified by industry representatives.
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•

Lay geotextile fabric in the level spreader trench and lay the fabric down the inlet batter
to the dead storage level. The inlet batter slope should be 3:1.

Figure 7.8

Level spreader

Source

Auckland Regional Council, 1999

Fore bay design
•

Construct a sump or excavation in front of the level spreader to capture coarse-textured
sediments, thereby reducing the quantity of sediment entering the pond.

•

A fore bay should be the width of the pond and be a minimum of one metre deep and 2
metres wide.

Emergency spillway design
•

The emergency spillway is a critical safety feature of a sediment retention pond and
should be capable of passing the flow from the two percent AEP (50 year) storm.

•

The emergency spillway needs to be well compacted and stabilised against erosion. It
must always be the lowest point of the embankment. The invert should be level and
protected against erosion.

•

If fabric is used as a stabilisation measure, the surface must be smooth with no voids
and covered with a needle-punched fabric pinned at 0.5 metre centres.

•

The pipe and emergency spillway needs to discharge to stable outfalls such as an
undisturbed depression or watercourse. Do not discharge over bare land, fill or unstable
ground. If necessary, flume the outflow to an erosion-proof discharge point.

•

A spillway should have at least 300 millimetre freeboard. Minimum spillway sizes are
specified in Table 7.6.
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Table 7.6

Soil type and emergency spillway width/hectare

Soil type

Spillway width (m/ha)
@ 500 mm depth

Flat gravel

0.5

Flat silt loam (<10%)

0.5

Sloping silt loam (10 - 20%)

0.75

Steep silt loam (>20%)

1.0

Clay <20%

1.0

Clay >20%

1.25

Dead/live storage considerations
•

30 percent of the pond volume is retained as a permanent pool to dissipate inflow
energy. This pool is called dead storage. The lowest floating decant is set at this point.

•

Live storage is the upper 70 percent of pond volume, which fills during storms and is
then drained by decant systems.

Decanting outlet devices design
Snorkel upstand (ponds larger than 125 cubic metres):
•

A snorkel-type upstand or decant can be installed on smaller ponds that have a capacity
of less than one hundred and twenty-five cubic metres. The catchment area associated
with this volume will vary with the soil type as shown in Table 7.7.

Table 7.7

Snorkel upstand and maximum catchment area

Soil type

Maximum catchment for
snorkel decant
(hectares)

Required volume/unit
area of catchment
(m3/100m2)

Flat gravel

2.0

0.75m3/100m2

Flat silt loam (<10%)

1.00

1.5m3/100m2

Sloping silt loam (10–20%)

0.75

2.0m3/100m2

Steep silt loam (>20%)

0.6

2.5m3/100m2

Clay (<20%)

0.65

2.25m3/100m2

Clay (>20%)

0.5

2.75m3/100m2

Details associated with the snorkel upstand or decant are shown in Figure 7.9 and discussed
more fully in the section on decanting earth bunds (section 7.2.2).
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Figure 7.9

Snorkel upstand for ponds larger than one hundred and twenty-five
cubic metres

Source

Auckland Regional Council, 1999

Floating decant devices (ponds smaller than 125 cubic metres):
Decant arms
• A floating decant device is designed to drain the cleaner water at the top of a pond while
maximising sediment deposition.
•

A standard T-bar decant is shown in Figure 7.9.

Pond water is drained through 10 millimetre diameter holes drilled in rows along the 2 metre
long decant arm. The number of holes is determined by the need to ensure appropriate
detention to maximise sediment deposition. This will vary with the soil type, as shown in
Table 7.8. The maximum number of holes per decant is two hundred, to optimise sediment
retention at lower pond volumes.
Table 7.8

Decant design

Soil type

Holes/hectare

Hectares/decant

Flat gravel

27

7.4

Flat – moderately sloping silt
loam (0–20%)

72

2.8

Steep silt loam (>20%)

90

2.2

Flat clay (<20%)

72

2.5

Steep clay (>20%)

72

2.0
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Figure 7.10

Decant detail

Source:

Modified from Auckland Regional Council, 1999

PART C EROSION & SEDIMENT CONTROL PRACTICES

Erosion and sediment control guideline 2007

•

Drill the right number of decant holes in relation to the size of the catchment. For
instance, a 2.5 hectare construction site on a silt loam soil with a slope of less than 20
percent will require one hundred and eighty holes (72 x 2.5).

•

For many sites, one decant will probably be enough. This will work through the entire live
storage depth. Position it with 5 millimetres nylon cord tied at either end of the decant
arm and fastened to waratahs driven in at either end of the decant. The cord fastens the
decant at the dead storage level.

•

If two decants are required, the lower one operates through the entire live storage depth.
The second decant operates only through the top 50 percent of live storage depth (see
Figure 7.11).

•

For three decants, the lower one operates through the entire live storage depth; the
second through the upper two-thirds and the top one through the top one-third of live
storage depth (see Figure 7.12).

•

Put a weight on the decant so that the decant arm is just submerged. One waratah is
usually enough for this.

Outlet pipe and fastening details
•

Use 150 millimetre-diameter drainage pipe for the outlet pipe through the embankment
for ponds requiring two or less decants (see Figure 7.11). A 150 to 100 reduction fitting
will be necessary so the 100 millimetre diameter decant arm can be attached.

•

For ponds that require more than two decants, a 300 millimetre outlet pipe and concrete
riser is required (see Figure 7.12).

•

Install two anti-seep collars on the outlet pipe and compact thoroughly.
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Figure 7.11

Pond with one or two decants

Source

Auckland Regional Council, 1999
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Figure 7.12

Large pond outlet details

Source

Auckland Regional Council, 1999
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Construction specifications
•

•

•
•
•
•
•

•

•
•
•
•
•

Pay particular attention to the construction of a sediment retention pond, as faults can be
expensive to remedy at a later date. Attention to detail is essential to get it built and
maintained correctly.
Isolate the construction site with diversion channels or bunds (section 6.3.1) and install a
sediment fence or similar (section 7.1.3) around the lower side of the works to retain
sediment during construction. This also applies to any dump site that may be needed for
placement of unsuitable material.
Remove all vegetation, topsoil and unsuitable material.
Use only competent fill. Place in layers of 150–200 millimetres and compact well with a
compactor, rubber-tyred machinery, etc.
Install the outlet pipe and anti-seep collars during construction (rather than digging them
in later) and compact thoroughly.
Attach the decant systems. Make sure the holes reflect the catchment area and soil type.
Make all connections watertight.
Install two flexible rubber couplings on the lower decant to connect to the discharge pipe.
Use strap clamps and glue. Only one should be necessary on the upper decants. A 300
millimetre length of well-clamped pump hose may also be used – ensure that there are
no leaks.
Where a concrete riser is used, slope the lowest decant connection upwards to reduce
the angle that the decant works through. Make sure that the concrete riser is properly
weighted (e.g. with concrete) to stop it ‘floating’ (see your supplier).
Install the emergency spillway. If using fabric protection, ensure woven material is used.
Install the level spreader, fore bay and inlet devices.
Install a baffle if the length to width is less than 3:1. Fabric to the height of the riser is
usually all that is required.
Do an as-built assessment at the completion of construction to ensure construction
reflects design. Note any areas where there is a discrepancy and remedy as required.
An all-weather access road to the pond may be necessary during winter as well as a
designated dump site for pond cleanings.

Performance inspection and maintenance
Inspect sediment retention ponds daily and before and after each rainfall event and:
• check for damage caused by settlement and/or seepage through embankments, leaking
joints, decant systems not working correctly or blocked, ‘unlevel’ level spreader,
outflanking of inlet/outlet systems, pond short-circuiting, erosion at outlets and any other
signs of weakness or failure;
• immediately repair any damage and/or modify the structure as required;
• make sure that runoff is reaching the pond. Also ensure that any diversion systems
constructed to convey runoff to the pond’s inlet (section 6.3.1) are fully functional and
have not silted up;
• check for damage caused by earthmoving equipment, etc.;
• clean out the fore bay after rainfall;
• clean the pond out when 20 percent full of sediment and place the excavated material in
a position where it cannot wash to natural water or back into the pond.
Decommissioning
•
•
•

150

A sediment fence or similar sediment retention device is usually required below the site
during decommissioning of a pond.
Refer to section 7.2.3 for information on dewatering the pond.
Remove and correctly dispose of all accumulated sediments, placing them well clear of
situations where it can wash back to natural water, stormwater systems, etc.
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•
•
•

Remove fabric, concrete, pipes and other construction materials.
Backfill the pond and compact the soil. Re-grade and smooth as required.
Stabilise all areas disturbed as part of the removal process with topsoil, grass, mulch,
gravel, etc. as required.

Useful tips

Fore bay/level spreader
9 Level timber spreader about
to be concreted in.
9 Spreader the width of the
pond.
9 Fabric laid under level
spreader and down inlet
batter.
9 Fore bay well constructed.

Fore bay/level spreader
9 Fore bay good width and
extends the pond width.
9 Level spreader also extends
the pond width.
9 Good concrete haunching
around level spreader and
fabric down inlet batter.

8
8

Level spreader is not level
and needs repair.
Inlet batter too steep.

Baffles
9 Lengthens flow path.
8 The baffle needs to be
extended to the height of the
riser.
8 A fore bay or sump
immediately upstream of the
inlet would reduce sediment
loading and removal of
sediment from the pond.
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9

Level embankment.

8

No dewatering decants,
primary spillway or erosionproofed
emergency
spillway.
Cleaning out well overdue.

8

7.2.2

Decanting earth bunds
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Note: Photograph taken before spillway fabric fastened.
Description and purpose
A decanting earth bund (DEB) is a temporary ponding area that detains runoff long enough
to allow coarser particles of sediment to drop out of suspension before discharge from site
construction works. It differs from a sediment retention pond in that it has a smaller
contributing catchment and no minimum length to width requirements or level spreader.
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DEBs can be constructed from topsoil or clay, but as the bund must be ‘waterproof’, material
that may allow seepage through the bund must not be used. It has a permanent pool of
water to reduce re-suspension of retained sediments and an operational volume through
which storm flows can be temporarily detained.
A DEB can be almost any shape. It can also be a continuous bund constructed on the
contour with returns at the intervals necessary to ensure catchment areas do not exceed the
required catchment area/DEB. The returns may need to be extended upslope to achieve this
capacity. A decant device is needed, although a snorkel-type decant is usually sufficient.
DEBs are sized in a similar way to sediment retention ponds except that their maximum
capacity is limited to 75 cubic metres/DEB.
Where to use it
use DEBs in preference to sediment fences, as they are much more robust.
keep DEB capacity at 75 cubic metres or less (catchment area will vary depending
on soil type).
9DO
put DEBs as close as possible to the sediment source, with its active length along
the contour to allow the required storage capacity to form behind the bund.
9DO
compact the bunds properly to avoid failure of the embankment wall.
9DO
install a right-angled fitting on the inlet end of the pipe to create a permanent 30
percent dead storage volume to minimise re-suspension of retained sediments.
9DO
install an erosion-proof emergency spillway.
8DON’T use perforated drainage pipe through the embankment.
8DON’T discharge to bare land.
8DON’T install DEBs above unstable slopes as seepage may exacerbate land instability.
9DO
9DO

Limitations
DEBs capture slightly finer soil particles than sediment fences but are not as effective as
sediment retention ponds. Short-circuiting through DEBs can occur because they do not
usually have a defined inlet – although baffles can overcome this shortcoming. They are
usually more effective on flatter land where runoff velocities are less. They can be outflanked
unless well constructed.
The small drainage holes in the perforated drainage coil often become blocked with floating
debris. Regular cleaning of these is usually necessary. Consider placing chicken mesh or
similar around the perforated upstand to keep material away from blocking the drainage
holes in the upstand.
The upstand is often wrongly constructed higher than the emergency spillway, so review the
completed structure carefully and rectify as required.
Like sediment fences, DEBs are usually used to supplement other sediment retention
measures on larger sites.
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Figure 7.13

Decanting earth bund and snorkel upstand

Source

Auckland Regional Council, 1999

Design criteria
DEB sizing criteria
• Work out how the DEB will fit in/work for the site. Identify the catchment area and avoid
placing the DEB where damage is likely to occur; for example, from construction
machinery.
• Measure the volume of a DEB from the base of the trap to the top of the outlet riser.
• The capacity of a DEB varies with different soil types, rather than design storms. The
sizing of DEBs for different soil types and maximum catchment areas is shown in Table
7.9.
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Table 7.9

DEB sizing and maximum catchment areas
Soil type

Required minimum capacity
(m3)/100m2 catchment

Maximum catchment
(hectares)

0.5m3/100m2

1.5

Flat – moderately sloping silt
loam/loess (0–20%)

1m3/100m2

0.75

Steep silt loam/loess (>20%)

1.5m3/100m2

0.5

Flat gravel

3

Clay (<20%)

2

2m /100m

0.4

•

Depending on the catchment, more than one DEB may be needed. Separate DEBs may
be constructed, or returns installed along the length of the bund to isolate individual
sections.

•

A DEB should have a minimum compacted earth bund height of 1.15 metres at the
lowest point. This is made up of 0.75 metres for the height of the riser, 0.15 metres
elevation to the spillway and a further 0.25 metres spillway depth.

•

Inlet points must be located as far as possible away from the outlet to optimise sediment
deposition. Ideally, the DEB should be three times longer than it is wide with inflow at
one end and the outlet at the other. A baffle may be able to be installed to achieve this
(see sediment retention ponds, section 7.2.1).

•

Put a 150 millimetre diameter non-perforated drainage pipe through the bund at the low
point and compact soil firmly around the pipe.

•

The pipe needs to discharge to an erosion-proof outlet such as a natural depression or
watercourse. Do not discharge over bare land, fill or unstable ground. If necessary, flume
the outflow to an erosion-proof outlet.

•

Install a decanting upstand as shown in Figure 7.14.

Figure 7.14

Snorkel upstand

Source

Auckland Regional Council, 1999
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Build a one metre-wide trapezoidal spillway over the DEB embankment (preferably to spill to
undisturbed land). The spillway must always be at the lowest point of the bund. It must be
level across its width, 150 millimetres above the invert of the upstand and at least 250
millimetres deep. Stabilise the surface of the spillway against erosion if the downslope is
more than 2 percent; for example, with needle-punched geotextile fabric, 150-300 millimetrediameter rock or concrete.
Figure 7.15

Decanting earth bund and returns

Source

Auckland Regional Council, 1999

Construction specifications
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•

Build DEBs along the contour to obtain the required capacity.

•

Diversion channels/bunds (section 6.3.1) may be necessary to intercept and direct site
runoff to the DEB.

•

Excavate a sump or pit in flow paths upslope of the DEB – if cleaned out regularly they
will greatly reduce cleaning out of the DEB.

•

Remove all vegetation and organic matter before construction. Embankments may need
to be keyed in on steep slopes.

•

Subsoil is the preferred material to construct embankments. The embankment is to be a
minimum of three metres wide with 1:1 side batters. Soil must be well compacted with
rubber-tyred machinery in layers 150-200 millimetres thick. If topsoil is used, the
embankment is to be a minimum of 4 metres wide and well compacted.

•

Install a 150 millimetre-diameter non-perforated drainage pipe through the bund at the
low point; install an anti-seep collar and compact thoroughly around the collar and pipe
to avoid seepage and potential failure of the DEB.

•

Connect a right-angled fitting to the inlet of the drainage pipe and insert perforated
drainage coil into the top of this right-angled bend for decant purposes. Cut the drainage
coil 150 millimetres below the invert of the emergency spillway.

•

Glue the pipe connections and tape the perforated drainage coil to the right-angled
fitting. Fasten the perforated drainage coil to a stake to keep it secure.
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•

Surround the perforated upstand with chicken mesh to keep floating debris from blocking
the drainage holes in the upstand.

•

The emergency spillway must always be the lowest point of the embankment. This
should be level, 250 millimetres in depth, a minimum of 1 metre wide and 150 millimetres
above the primary spillway. It needs to be protected against erosion, e.g. with needlepunched geotextile.

•

The pipe and emergency spillway needs to discharge to stable outfalls such as an
undisturbed natural depression or watercourse. Do not discharge over bare land, fill or
unstable ground. If necessary, the outflow may need to be flumed to an erosion-proof
discharge point (section 6.3.3).

Performance inspection and maintenance
Inspect regularly, and before and after every major storm, to look for any changes in the
structure. Important details to check on are:
•

that runoff is not outflanking the DEB;

•

that the spillway is the lowest point over the embankment wall, that it is functional and
protected against erosion. Repair any damage;

•

whether there is erosion at the outfall and remedy if required; for example, by redirecting
flow to a new outlet or installing a flume;

•

whether there is any damage to the pipe drainage systems and repair as necessary;

•

whether there is seepage through the embankment, or along the outlet pipe and remedy
as necessary;

•

repair any blockages, such as to the holes in the upstand, etc.;

•

remove accumulated sediment when the DEB is 20 percent full. Place the material so it
can’t wash back into the DEB or into water; and

•

that the DEB is repaired immediately where damaged by construction.

Decommissioning
•
•
•
•
•
•

Remove DEBs only when the contributing catchment has been stabilised.
Refer to section 7.2.3 for information on dewatering.
Remove and correctly dispose of all accumulated sediment where it cannot wash back to
natural water, stormwater systems and other receiving environments.
Remove pipes, fabric and other construction materials.
Backfill any excavations and compact the soil. Re-grade and smooth as required.
Stabilise all areas disturbed as part of the removal process with topsoil, grass, mulch or
aggregate, etc. as required.
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Useful tips

9
9
9
9

Good perimeter diversion bund
height and width leading to DEB.
Rock-protected spillway placed
on fabric.
Good dead storage/live storage
division.
Good DEB capacity.

8

Drain or baffle could be used on
the upslope side of the DEB to
direct runoff to the end, in order
to increase length: width ratios
and sediment retention.

9

The DEB is at the lowest point of
the construction site.
The snorkel decant has been
positioned at a height that allows
a permanent pool of water to
form and sedimentation to occur.
The spillway is slightly higher
than the height of the snorkel.
The embankment and bund
leading to the DEB is well
shaped and constructed.

9

9
9

8

The spillway needs to be
protected against erosion, e.g.
with fabric.

9

Spillway well dug in and at the
lowest point.
Catchment has been stabilised.
Spillway stabilised with fabric.

Common problems

9
9
8

158

Poor compaction of embankment
which could result in eventual
failure of the embankment.
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8
8
8
8

7.2.3

Dewatering

Poor embankment construction
and compaction.
Spillway has blown out and
needs to be repaired urgently.
Holes are blocked in decant
upstand and need cleaning.
No evidence of stabilisation of
embankment
by
hydroseed
and/or mulch.
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Description and purpose
Dewatering is the removal of water from low-lying areas, excavations, trenches and so on. It
is often done by pumping. Sediment retention ponds and DEBs often need to be dewatered
before they can be maintained or decommissioned. Dewatering can generate very finetextured material that is difficult to retain onsite through best, practical sediment control
facilities (such as those in this guideline) and can, therefore, have significant adverse
environmental effects.
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Options to ensure that dewatering does not pollute water bodies, stormwater systems or
other receiving environments include:
•
minimising the volumes of water to be dewatered and the levels of sediment in the water;
•
retaining sediment-laden water onsite for as long as possible to maximise settling of
sediment onsite (settling may be aided by lime or flocculants, though these are
environmentally hazardous if they enter water bodies, so take care with their use and
storage);
•
dewatering the cleaner water at the top of settling devices, then pumping the residual
sediment-laden water to a tanker for spreading elsewhere onsite for reworking or
appropriate offsite disposal;
•
using a three-chamber settling device, mud tank, or gravel filter;
•
pumping small volumes of sediment-laden water to a sediment fence (section 7.1.3) or
decanting earth bund (section 7.2.2); and/or
•
pumping larger volumes to a sediment retention pond onsite (section 7.2.1).
Grassed vegetative buffer strips (section 7.1.1) do not usually provide good treatment of
pumped water because of the concentrated nature of the flow. Only if the flow is dispersed
and directed through a long and densely vegetated filter strip will it have any positive effects.
Ensure volumes applied are such that sediment does not kill the plants or become a source
of dust.
Stormwater inlet protection devices (section 7.2.5) are also not particularly effective because
of the fine-textured particles usually involved and the lack of settling.
Dewatering is often needed on smaller operations including trenching and building sites, and
is also briefly discussed in sections 9 and 10.
Where to use it
plan and organise works and construction to minimise dewatering volumes; for
example, by limiting the extent of trenching to that which can be worked and
backfilled each day.
9DO
pump from the top using a float or similar to keep the intake off the bottom. This will
remove cleaner water while avoiding mobilisation of bottom sediments.
9DO
consider the use of a surrounding filtering system (e.g. appropriately sized
aggregate) in coarser-textured soils.
9DO
encourage settling of sediments from pumped water by temporarily stopping the
outflow from sediment retention ponds or DEBs, e.g. by raising the decants or
putting a bung in the pipe.
9DO
dewater sediment retention ponds and DEBs before maintaining or
decommissioning them.
8DON’T dewater directly to watercourses or stormwater lines: always treat pumped water
before discharge.
9DO

Limitations
• Take particular care with pumping, as it produces fine-textured sediments that are very
difficult to retain onsite.
• Sediment retention measures are far less effective for controlling dewatering than
erosion-control measures (i.e. those that reduce dewatered volumes).
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Useful tips

9
8

9
9
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Pumping
to
sediment
retention pond for treatment
prior to discharge.
The pipe outlet should be
located at the upper (inlet)
end of the pond to maximise
settling of sediments.

Pumping from trench to
decanting earth bund for
treatment prior to discharge.
Good stabilisation of work
site.
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7.2.4

Soakage systems
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Note: This soakage system is a permanent one but is used to illustrate the concepts of temporary construction
soakage systems which are very similar.
Description and purpose
Soakage systems are temporary systems intended to dispose of clean run-on water and
sediment-laden site runoff into the ground where infiltration rates and groundwater levels
allow this. These are typically in areas of free-draining alluvial, montane or glacial gravels.
Surface water receiving environments may be few and far between in these areas.
Soakage systems for earthworks sites are chambers that are drilled or excavated into the
ground and backfilled with coarse gravel and rock to allow direct discharge of infiltrated
water into groundwater or free-draining strata. A fore bay captures coarser sediment so as to
protect the infiltration rate for the duration of the earthworks phase. These systems have a
small footprint that can easily be accommodated onsite.
Soakage may also be obtained through the base of sediment retention ponds, provided a
fore bay is provided and regularly maintained in order to capture coarser sediment.
The location of any nearby water supply bores should be checked and any potential effects
on production rates of the temporary discharge into the ground should be considered.
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Where to use it
use soakage systems on the Canterbury Plains and other flat lands with good
infiltration and low water table, as generally indicated in Figure 5.1 or by soakage
tests (Appendix B).
9DO
use soakage systems whenever possible where the required rate of infiltration is
available.
9DO
use soakage systems where the required rate of infiltration is available and
Environment Canterbury and/or the city or district council require recharge of
groundwater systems.
9DO
use separate soakage systems for ‘clean’ run-on and ‘dirty’ runoff water.
9DO
protect the infiltration capacity of ‘dirty’ water soakage systems by providing a
series of small informal fore bays up-gradient of them, and regularly removing
sediment from these to maintain the infiltration rate of the soakage system for the
duration of the earthworks.
9DO
fill in the soakage system after use for sediment control.
8DON’T put ‘clean’ and ‘dirty’ water into the same soakage system.
8DON’T use soakage systems for long-term disposal of stormwater after they have been
used for sediment control unless all retained sediments have been removed and
infiltration capacity has been verified by new soakage tests.
9DO

Limitations
• Can not be used in areas with low infiltration rates and/or high water table.
• Do not use on old landfill sites or where there is other artificial fill.
• Do not use where soakage may have land instability or geotechnical implications.
Design criteria
•

Conduct soakage testing as outlined in Chapter 6 of the Christchurch City Council 2003
Waterways, Wetlands and Drainage Guide or the other references in Appendix B.

•

Ascertain depth to groundwater in summer and winter (this will vary) to define depth of
base of soakage chamber.

•

Preferably backfill the soakage chamber to ground level with gravel or rock of greater
diameter than the surrounding strata to maintain the shape of the chamber (this is not
essential for temporary excavations, provided the infiltration capacity can be
maintained).

•

Line the spillway from the fore bay ahead of the soakage chamber with geotextile or
building plastic to prevent erosion, toeing and pinning to prevent short-circuiting or
erosion.

•

Install a series 10-20 cubic metre fore bays at convenient locations around the site upgradient of the fore bay at the soakage chamber to progressively remove sediment from
inflows and protect the chamber’s soakage capacity.

•

Allow easy access to fore bays for removal of accumulated sediment.

•

If soakage is to be provided through the base of a sediment retention pond, use the pond
sizes outlined in section 7.2.1.

Performance inspection and maintenance
Inspect fore bays weekly and before and after each rainfall event and:
• assess soakage rates and remove accumulated sediments as necessary to maintain the
function of the system;
• replace/repair geotextile between fore bay and soakage chamber as required to prevent
short-circuiting; and
• replace/repair and/or modify as required, especially where temporary fore bays are
placed in areas undergoing construction.
PART C EROSION & SEDIMENT CONTROL PRACTICES

163

Erosion and sediment control guideline 2007

Decommissioning
•
•

Remove accumulated fine sediments if present in very large quantities.
Following completion of all construction activities, remove the coarse backfill and any
filter cloth and fill in the soakage system with similar materials and to the same
compaction requirements as the surrounding natural strata.

7.2.5

Sediment curtains
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Description and purpose
Floating sediment curtains are temporary geotextile fabric barriers suspended vertically
within a water body to separate contaminated and uncontaminated water. Curtains do not
stop, divert or filter a significant volume of water. They will, however, isolate the work area
and allow sediments to settle out of suspension.
Floating sediment curtains normally include a skirt (geotextile fabric) that forms the barrier,
flotation segments along the top, weighting devices at the lower edge of the barrier (usually a
ballast chain) and a load (securing) line usually built into the flotation segments. In higherflow situations, additional anchor or mooring cables may also be needed to help secure the
curtain.
The barrier fabric is generally a woven geotextile, canvas or poly-tarp material. Proprietary
sediment curtains are also available commercially. Non-woven geotextiles are not
recommended for use as a sediment curtain.
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Where to use it
9DO
use sediment curtains to isolate a work site at or along the edge of a stream, lake
or estuary.
9DO
use curtains in streams with negligible or low flow.
8DON’T use curtains in streams with high velocities and/or turbulent flow.
8DON’T place sediment curtains completely across the full width of a stream or channel with
flow; don’t block tidal movements or fish passage.
8DON’T block more than one-third of the width of a stream at any one time.
Limitations
Sediment curtains:
• can not be used in streams with high velocities or turbulent flows;
• may be damaged by large waves, fast-flowing water or large pieces of floating debris;
• should only be used in water up to 2m in depth;
• will isolate and contain suspended sediments and/or turbidity; will not filter or otherwise
treat contaminated water;
• are time-consuming and sometimes difficult to install and remove correctly;
• may need both terrestrial and aquatic anchors; and
• may be vandalised and/or present a hazard to navigation.
Design criteria
•

Limit the isolated portion to less than one-third of the stream width.

•

When isolating a portion of a stream, the current velocity in the remaining channel will
increase; be aware that this will increase potential for erosion.

•

Curtains should not be used with flow velocities exceeding 0.15 metres per second.

•

Maximum depth of water should not generally exceed 2 metres.

•

Use nylon load line with a minimum diameter of thirteen millimetres; use 13 millimetre
galvanised steel ballast chain (3.3 kilogrammes/metre); flotation to have buoyancy ratio
greater than five.

•

Use woven geotextile fabric with grab tensile strength of 900 newtons and maximum
apparent opening of 0.21millimetres.

•

Make the height of the curtain a minimum of 10 percent more than the depth of water
into which the curtain will be placed; this will allow for tidal movements and/or wave
action.

•

Make the length of the curtain 10-20 percent longer than the straight line of the curtain
enclosure; this will reduce stress on the barrier and make installation easier.
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Figure 7.16

Typical sediment curtain detail

Source

Trow, 1996

Construction specifications
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•

Make sure the area enclosed by the curtain is as small as possible, but locate the curtain
far enough away from the construction to avoid damage from equipment, sloughing
excavations, etc.

•

Do not block more than one-third of the width of the channel at any one time.

•

Do not place the curtain completely across a stream or channel with flow.

•

Before deploying the curtain, roll up the skirt around the anchor chain and secure with
furling ties (refer Figure 7.17); this will make it much easier to manoeuvre (float) the
barrier into place.

•

Once in the desired position, fasten load lines to the shore anchor points; deploy and
secure anchor or mooring cables if required.

•

Release the furling ties and allow the barrier to unroll and settle onto the bottom of the
stream.

•

Ensure curtain is fully deployed and confirm that the lower edge is in contact with the
bottom of the channel at all points along the boundary of the enclosure.

•

Taper the bottom of the curtain up to suit the shape of the shoreline.

PART C EROSION & SEDIMENT CONTROL PRACTICES

Erosion and sediment control guideline 2007

Figure 7.17

Sediment curtain deployment detail

Source

Trow, 1996

Figure 7.18

Sediment curtain anchorage detail

Source

Trow, 1996
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Performance inspection and maintenance
Inspect daily and after each rainfall event and check:
•

for sediment and/or turbidity movement beneath or around the sides of the curtain;

•

for movement of curtain from initial location; check security of all load and anchor lines;

•

flotation devices for abrasion, cuts or holes;

•

skirt for cuts, holes, tears or other damage;

•

anchor assembly for broken lines, missing buoys, etc.;

•

remove any accumulated debris from elevated stream flows; and

•

repair and/or modify as required; replace badly damaged sections.

Decommissioning
•

Give suspended sediments enough time to settle following completion of all construction
activities.

•

Physically remove accumulated sediments if specifically required.

•

Conduct retrieval operations during periods of calm weather and low flows.

•

Slowly pull the skirt up, furl and tie it around the flotation device.

•

When the entire skirt is furled, release the anchors and the load line, and float the curtain
toward the shore for retrieval.

Useful tips

168

9

The area enclosed by the sediment
curtain must be as small as
possible, but should be far enough
away from the work area to avoid
being damaged.

9

Effective use of sediment curtain to
separate clean from dirty water.
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Common problems

8

7.2.6

Sediment curtains must not be
placed across the full width of a
stream or channel.

Stormwater inlet protection

6

[

Ì

O

Description and purpose
Stormwater inlet sediment control devices are used to intercept and treat sediment-laden
runoff before it enters a reticulated stormwater system and before subsequent discharge into
a receiving environment. Inlet protection may take various forms depending upon the type of
inlet to be protected.
Control measures are installed in areas of concentrated flow (the roadside kerb and channel)
and will usually have to contend with significant flow velocities, although their sediment
retention efficiency is usually low. Stormwater inlet protection is, therefore, a secondary, or
supplementary sediment control measure and should not be used as a stand-alone
technique.
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Accordingly, stormwater inlet protection devices must be used in conjunction with a full range
of other erosion and sediment control management practices that have been strategically
deployed in an integrated approach.
Take care with these control devices to ensure that they do not cause secondary flooding:
their aim is to remove as much sediment as possible from site runoff and allow water to flow
past the retention measure to enter the stormwater system further downhill.
Where to use it
9DO

use stormwater inlet sediment control devices as an integral component of a much
broader and more comprehensive erosion and sediment control system.

9DO

use on areas with low sediment yields and runoff volume.

8DON’T completely block the storm drain system; always include a bypass arrangement.
8DON’T use straw bales in roadside water tables or around stormwater inlets because they
are easily broken and straw can block the inlet to the stormwater system.
8DON’T use sediment fencing around stormwater inlets.
Limitations
Stormwater inlet protection:
• is only useful in very small catchments;
• should not be used as a stand-alone technique (although at times this is unavoidable);
• measures have relatively low sediment removal efficiency and low hydraulic capacity;
• measures have very limited sediment storage capacity; extremely high maintenance
requirements;
• measures and/or debris may partially block the stormwater system, increasing the
likelihood of localised flooding;
• often leaks, particularly against the kerb;
• measures may cause stormwater and sediments to pond on footpaths, carriageways or
newly constructed pavements;
• are easily damaged by vehicles and/or construction equipment; and
• pose potential public safety issues, particularly if not removed following construction.
Design criteria
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•

Maximum catchment area of 0.25 hectares to each inlet; stormwater inlet treatments
should be limited to areas with a general slope of less than five percent, and the area
immediately around the inlet should be less than one percent.

•

Do not completely block the stormwater system; always include a bypass arrangement.

•

Devices must not be used near the edge of fill material and must not divert water over
cut or fill slopes, or away from the storm drain inlet.

•

Stormwater inlet protection around stormwater inlets in the low points of the road must
be set back to allow the drain to function normally during periods of heavy rain (see
Figure 7.19).

•

Stormwater inlet protection must not cover or block stormwater inlets, as storm flows
may be deflected around the inlet; instead use small sediment traps like sandbags
placed in the kerb and channel upslope of the inlet (see Figure 7.20).

•

Height of sediment control devices around stormwater inlets must be kept to less than
300 millimetres so that runoff does not cause local flooding and/or is not inadvertently
directed into nearby catchments.

PART C EROSION & SEDIMENT CONTROL PRACTICES

Erosion and sediment control guideline 2007

•

An earthen bund placed immediately downslope of the device may hold ponded water
around the inlet and prevent it from bypassing the drain.

Figure 7.19

Typical concrete block and gravel storm drain inlet protection at road
low points

Source

Institution of Engineers, Australia, 1996

Figure 7.20

Typical sandbag storm drain inlet protection for stormwater inlets

Source

Institution of Engineers, Australia, 1996
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Figure 7.21

Typical excavated catchpit inlet protection

Source

Institution of Engineers, Australia, 1996

Construction specifications
•

Construction methodology and detail will vary according to the type of inlet protection
measures proposed in the erosion and sediment control plan.

•

Always ensure an emergency spillway or bypass facility is included on all devices.

•

Ensure the device will not cause water to bypass the storm drain system and/or does not
divert water away from its intended flow path.

•

Ensure the location and/or operation of the device will not cause a public safety issue.

•

Keep all stockpiles or loose sediments away from roadside water tables.

•

There are an increasing number of proprietary products now available that can
undertake this function.

Performance inspection and maintenance
Inspect daily and during and after each rainfall event and:
•
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look for blockage of the drain inlet by sediments, debris or sediment control materials
that may have been damaged during the storm event;
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•

check for leaks in the facility which may affect its performance;

•

check to see that the control device has not inadvertently directed water away from the
drain and/or has not caused localised flooding; augment or modify as required;

•

clean up all accumulated sediments immediately;

•

repair, augment and/or modify control devices as required; and

•

ensure all above-slope stockpiles or loose sediment is away from the roadside water
table.

Decommissioning
•

Decommissioning and removal procedures will vary according to the type of inlet
protection measures proposed in the erosion and sediment control plan.

•
•
•

Remove all accumulated sediments and dispose of them appropriately.
Remove control measure and reuse or recycle materials wherever possible.
Stabilise any areas disturbed as part of the removal process.

Useful tips

9

8

9

8
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Stormwater drain inlet protection
measures must not cover or block
inlets on-grade; use small sediment
traps placed in the kerb and
channel upslope of the inlet.
Stormwater and sediments will
pond on footpaths, carriageways or
newly
constructed
pavements
unless provision is made to bypass
flows at a suitable height.

Stormwater inlet protection around
inlets at road low points must be set
back to allow the drain to function
normally during periods of heavy
rain.
Additional support should be
provided to ensure gravel-filled
sausage is not pushed into the inlet
by the force of the water.

9

Height of sediment control devices
around catchpit inlets must be kept
to less than 300mm so that runoff
does not cause local flooding and/or
is not inadvertently directed into
adjacent catchments.

9

Re-use or recycle material found
around the site wherever possible.
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Common problems

8 Unsupported sediment fencing must
not be used around inlets, as the
force of water will cause them to
collapse.

8

174

Inlet protection treatments must
not completely block off the
stormwater system; always
include a bypass arrangement.
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8

Stream works

Background considerations
Works in or around streams can have direct impacts on watercourse habitat, such as
physical disturbance or destruction, and on watercourse ecology, such as through sediment
and temperature-related effects. The loss of watercourses through works such as piping and
extensive culverting can have permanent adverse ecological effects. A resource consent will
be needed for works in or around watercourses and fish spawning or migration times may
affect the timing of works.
Large quantities of sediment can potentially be generated by works in watercourses; not only
by the works themselves but also by storm scour through erodable construction areas.
Sediment generated and transported by these flows will have an instant and direct effect
because the material is already in the receiving environment. It can cause the suite of
adverse effects outlined in section 1.3. Great care is therefore needed when working in or
around watercourses.
The preferred approach is to avoid works in and around watercourses wherever possible,
unless the work involves naturalisation of boxed drains or other habitat and amenity
improvements.
The usual order of preference for watercourse crossings is (from first to last):
•
bridges;
•
bottomless arch culverts;
•
arch culverts;
•
box culverts; then
•
round culverts.
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Any permanent structure such as a culvert should be dug in at least 150 millimetres into the
channel to avoid creating fish passage barriers as well as to allow for future bed re-grading.
Lengthy culverts need to include measures such as those outlined in:
•
•

Chapter 13.2 of the CCC Waterways, Wetlands and Drainage Guide (2003); and/or
ARC TP 131 (Fish Passage Guidelines for the Auckland Region).

Where works in or near a watercourse are desirable or unavoidable, then specific control
practices and methodology are required to minimise potential adverse impacts. This
guideline does not address culvert installation per se, but focuses on methods to avoid,
remedy and mitigate erosion and the generation of sediment during that process.
Erosion and sediment control considerations
Erosion and sediment control measures are not usually constructed in channels with
permanent flow because significant storm flows can be generated from the upper catchment
that can greatly reduce the effectiveness of the control measures. The measures themselves
can impede fish passage and cause their own adverse effects because of the degree of
construction disturbance. For these reasons, the actual construction work such as
construction of culverts or naturalisation of the channel should be carried out off-line, that is in a work zone away from stream flows. It may be possible to do this off-line from the
watercourse in question, or a watercourse diversion may be necessary. Sediment curtains
may be appropriate. In some situations, the issue can be resolved through careful
construction methodology – for example, by bridging instead of culverting a stream, or by
realigning the roading network to avoid the need for any kind of stream crossing.
Temporary watercourse diversions
Diversion of watercourse flow above the site is usually the first consideration. This flow can
be pumped around a site (when works are for short durations only), conveyed through
temporary drainage coil or plastic flumes or similar or diverted into a specifically designed,
constructed and stabilised diversion channel (section 6.3.1). Some of the disadvantages to
pumping and/or small pipes is their lack of capacity should flows increase; running out of fuel
if the pump is unattended – for example, at night; and fish passage constraints.
Where works in a watercourse will take place over a period of time, it is usual to construct a
separate diversion channel, stabilise it and then divert flow into it and, therefore, away from
the work area. This makes construction easier and gives better environmental outcomes.
Design considerations
The diversion system needs to be capable of conveying the flow from the five percent AEP
storm event. General design details are in section 6.3.1 and as shown below in Figure 8.1.
Recently excavated channel banks and beds will need stabilising against scour before
watercourse flow is directed into them (see section 6.3.5 for soft armour channel protection
and section 6.3.6 for hard armour channel protection).
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Figure 8.1

Diversion channel

Source

Auckland Regional Council, 1999

Construction
The typical construction sequencing of a temporary diversion channel is outlined in the four
steps overleaf.
Step 1
•
Size the diversion channel to allow for a five percent AEP storm event and mark it out on
the ground.
•
Excavate the diversion channel, leaving each end untouched so that the watercourse
does not breach the diversion.
•
Stabilise the diversion channel appropriately (often with needle-punched geotextile fabric
for short-term diversions) so that the new temporary channel does not become a source
of sediment.
•
Pin the fabric to the manufacturer’s specifications and trench the fabric into the top of
both sides of the diversion channel and entry point.
•
Open the downstream end and allow water to flow up the channel, keeping some water
within the existing channel to reduce problems when the upstream plug is excavated.
•
Open the upstream plug and allow water to flow into the new channel.
Figure 8.2

Watercourse diversion step 1

Source

Auckland Regional Council, 1999

Step 2
•
Place a non-erodible dam (see Figure 8.6) in the upstream end of the existing channel.
This can be a compacted earth bund with shotcrete/concrete or appropriate geotextile
pinned over it. Other options include steel sheet plates pushed into the channel by
machine, stacked sandbags or other non-erodible material.

PART C EROSION & SEDIMENT CONTROL PRACTICES

177

Erosion and sediment control guideline 2007

Figure 8.3

Watercourse diversion step 2

Source

Auckland Regional Council, 1999

Step 3
•
Install a non-erodable downstream dam to prevent backflow into the construction area.
•
Drain the existing watercourse by pumping to a sediment retention measure such as a
sediment retention pond (section 7.2.1) for treatment of sediment-laden water.
•
Outflow from this pond may need to be temporarily halted (e.g. by raising the decants
above the water level or by inserting a mechanical bung into the outlet pipe) to maximise
sedimentation.
•
Construct the structure and complete all channel work.

Figure 8.4

Watercourse diversion step 3

Source

Auckland Regional Council, 1999

Step 4
•
Remove the downstream dam first, allowing water to flood back into the original channel.
•
Remove the upstream dam. Fill in both ends of the diversion channel with non-erodible
material.
•
Pump any sediment-laden water to a sediment retention pond.
•
Fill in the remainder of the diversion and stabilise.
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Figure 8.5

Watercourse diversion step 4

Source

Auckland Regional Council, 1999

Figure 8.6

Watercourse barrier

Source

Auckland Regional Council, 1999

Performance inspection and maintenance
• There is often some pressure on temporary stream works, particularly during storms but
also by errant machinery.
•

The pinning of protective fabric is often poorly done – make sure that it is carried out in
accordance with the manufacturer’s specifications. If the material is ripped, repair it.

•

Watch also for scour where the diverison channel re-enters the main channel.

PART C EROSION & SEDIMENT CONTROL PRACTICES

179

Erosion and sediment control guideline 2007

Some examples of diversion systems
An operational stream diversion
with:
9 temporary fabric protection
for the channel;
9 mulch stabilisation above the
immediate channel sides;
and
9 sediment fencing and site
grading beyond channel to
direct run-on flows away
from the channel to a
sediment retention pond (not
in photo).

Construction of a clean water
diversion system on steep
country:

8

9
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fabric needs to be extended
upslope and buried.

Operational
clean
system
in
an
construction site.

water
active
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9
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A fabric diversion flume
conveying clean run-on water
through a small construction
area.
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9

Utilities

Description/background
Unless correctly planned and managed, the installation of services and utilities such as
electricity, gas, water, sewer and telecommunications can result in significant disturbance to
the ground surface. Soil erosion and sedimentation are common environmental impacts of
trenching and dewatering of trenches.
Installation of these utilities and services in a residential subdivision generally takes place
towards the end of the bulk earthworks phase. Trenching works may, therefore, traverse
areas that have already been stabilised, and, in some cases, areas where sediment control
measures have already been decommissioned. The trenches are often long and can cut
across different water catchments. The earthworks are usually fairly minor in any one area,
but have a cumulative effect. The works are often undertaken along roads and close to
stormwater inlets.
Pumping groundwater and rain water out of trenches generates sediment-laden water that
can be difficult to treat in the roadway where these works are usually done. Refer to section
7.2.3 for advice on dewatering.
Planning and design requirements
Consider the following points when planning for installation of utilities:
• Install reticulation systems for water supply, stormwater and sanitary services and for
other services and utilities at the same time as the road works.
• Co-ordinate installation of services and utilities with all relevant service providers and
authorities, and, where possible, use common trenching.
• Make sure that trenching operators working in a larger site are aware of the erosion and
sediment control plan for the site over all and understand that they must comply with its
provisions as well as with any specific erosion and sediment control requirements for their
work.
• Do not trench across flowing streams or watercourses. Use an alternative methodology
such as directional boring or aqueducts in these situations.
• In areas where ephemeral water is likely to concentrate, create a dam above the site with
sandbags or similar, carry out the works and reinstate the surface with a stabilised
surface.
• Plan the works so as to minimise both the extent and duration of site disturbance,
particularly in high-risk areas such as areas close to watercourses and on slopes steeper
than 10 percent.
• When trenching has been completed independent of other activities onsite, plan for
progressive stabilisation and/or restoration of disturbed areas.
• Trenches should not be open for any longer than three days; complete the stabilisation of
all disturbance in high-risk areas within two days of backfilling, and within five days in all
other areas.
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Construction requirements
Address the aspects below when planning and undertaking installation of utilities:
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•

If trenching works affect pre-existing erosion and sediment control measures, those
measures must be carefully removed and then immediately reinstated at completion of
works.

•

Additional erosion and sediment control contingency measures will usually be needed for
the duration of trenching activities, and until the original measures are reinstated or
replaced.

•

Where practicable, plan and undertake works in appropriately sized stages so that
trenching is not open for a period longer than three days, and can be stabilised within the
range specified above.

•

Avoid opening trenches when there is a risk of high rainfall.

•

Divert above-site water away from work areas with temporary contour drains (section
6.3.2); don’t allow the trench excavation to concentrate or convey runoff.

•

Topsoil and spoil should be stockpiled separately on the upslope side of the trench.

•

Do not put stockpiles of topsoil, spoil or bedding material in overland flow paths or within
1m of a hazard area such as kerb and channels, stormwater inlets, paved footpaths or
driveways.

•

Minimise soil loss by protecting all stockpiles with covers such as geotextile fabric.

•

On loess soils such as those on Banks Peninsula, consider stabilising trenches with lime
or cement so as to prevent them becoming entry points into tunnel gullies
(underrunners). Take care with all use of lime and cement to avoid discharges into
stormwater or water bodies (see section 10).

•

Remove excess spoil and/or bedding material from the site as soon as work is
completed, or immediately incorporate into other works onsite.

•

Backfill and compact trenches within three days.

•

Leave the final level slightly above that of the adjacent ground to allow for subsequent
settlement, but make sure this does not cause concentration of overland flow.

•

Dewatering of trenches must not pollute any stormwater system or downstream
watercourse; pump sediment-laden water to a tanker for appropriate offsite disposal.
Refer to section 7.2.3 for more information on dewatering.

•

Grassed vegetative buffer strips (section 7.1.1) do not usually provide good treatment of
pumped water because of the concentrated nature of the flow. It will have positive effects
only if the flow is dispersed and directed through a long and densely vegetated filter
strip.

Figure 9.1

Typical trenching methodology

Source:

Hawkesbury-Nepean Catchment Management Trust, 2000
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Useful tips

9
9
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Pipe being dewatered to decanting
earth bund (section 7.2.2).
Good straw mulch and fabric
stabilisation of surrounding work
area.
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10 Small sites

Why do small sites need erosion and sediment control?
Building houses on individual lots usually starts after the bulk earthworks for urban
development have been completed. Ground disturbance for house building is on a much
smaller scale, but the cumulative impact from these small sites can be considerable. In some
cases they may discharge as much sediment as the bulk earthworks phase. Because
reticulated stormwater systems are usually installed and operational, they provide an
efficient hydraulic conveyance for sediment-laden stormwater from the building site to the
receiving environment.
Small sites often need only basic erosion and sediment control practices, but they are often
missing or poorly done; perhaps due to a lack of erosion and sediment control knowledge on
building sites and a lack of resources to do the work.
What are the effects of uncontrolled erosion on small sites?
The effects of uncontrolled erosion and sediment runoff from small sites include:
• damage to the building site and structural damage to retaining walls, building foundations,
underground services and other structures;
• public safety problems when soil, litter and debris is washed onto roads and intersections;
• blocked gutters and stormwater reticulation, soakage and treatment systems, creating
flooding and increased council maintenance costs;
• loss of good topsoil;
• pollution of receiving waters; and
• loss of aquatic habitat and reduced biodiversity.
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In addition to sediment, other wastes from building sites are also transported via the
stormwater system directly into rivers and streams from incorrect operation and/or clean-up
of:
• concreting;
• concrete or brick cutting;
• bricklaying;
• brick cleaning;
• plastering;
• tiling; and
• painting.
What are the benefits of good water and soil management on small sites?
Effective onsite management of soil erosion and water pollution provides many benefits,
including:
• all-weather site access;
• improved wet-weather working conditions;
• improved drainage and reduced site wetness;
• reduced average construction time;
• fewer problems with mud and dust;
• reduced stockpile losses;
• reduced clean-up costs;
• better public image;
• better-looking and more marketable sites;
• fewer public complaints; and
• better fishing for everyone!
Sequence of work
Following the ten simple steps below will help developers, builders and tradesmen protect
the environment as they do their work:
1. Take a smart approach to multi-lot developments for developers and builders.
2. Pre-construction planning and site layout.
3. Provide stabilised all-weather access.
4. Control water at the top of the site.
5. Control sediment at the foot of the site.
6. Put all stockpiles and building materials within the sediment control zone.
7. Connect all downpipes as soon as possible.
8. Manage litter and building wastes – especially concrete.
9. Promptly stabilise service trenching and other areas of exposed soil.
10. Maintain and carefully decommission control measures and stabilise the site.
1. Take a smart approach to multi-lot developments for developers and builders
We suggest that developers plan and complete the construction of building platforms and
any retaining walls on each lot before sale: this delivers economies of scale and allows use
of the erosion and sediment control practices provided for the bulk earthworks phase. It also
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means that builders only have to disturb each site for footings and access, not major building
excavations.
Where builders are managing more than one lot, think ahead about site layout. This will
allow you to:
•

design the home to suit the land type; for example, use piers and footings or construct
pole homes on steep slopes rather than building slab-on-ground (see step 1 in section
5);

•

use combined erosion and sediment controls for all the lots, where they are together, to
save on time and materials; and

•

use signage to inform subcontractors of their presence and purpose.

2. Pre-construction planning and site layout
A little forward thinking when planning the site layout, building location and earthworks
minimises the number of erosion and sediment controls needed on each lot and their
interference with the building process.
• Minimise site re-contouring and keep earthworks to an absolute minimum; only start them
immediately before you start building.
• Maintain as much grass cover as possible and install temporary fences to define ‘no go’
areas that are not to be disturbed.
• Direct stormwater flows around the building area and any exposed soils (see step 3).
• Avoid long, steep, unstable driveways; plan to stabilise them as soon as they are
constructed and preferably before starting to build (see step 4).
• Allow room for sediment controls (see step 5).
• Do not use exposed aggregate concrete in areas where the wash-off cannot be
adequately contained or removed: concrete is lethal to fish even in tiny concentrations
(see step 7).
• Prepare an erosion and sediment control plan before starting any earth-disturbing
activities – see the example in Figure 10.2. This plan should define a sediment control
zone beyond which no soil should be disturbed.
• Include in the plan places where tool and paint washing, brick, tile or masonry cutting and
water-cooled activities can be done where they will not cause runoff into stormwater
systems. Aim to contain all wastewater within the site boundaries by locating these tasks
on a permeable surface or uphill of an infiltration or where appropriate, a service trench.
• Tell staff and subcontractors not to park on the footpath, grass verge or swale, where
they will damage services and track dirt onto the road.
• Make sure all subcontractors and tradesmen are fully aware of their requirements and
individual responsibilities under this plan: if you document this, it will greatly reduce your
liability in the event of any pollution complaints.
3. Provide stabilised all-weather access
Local residents often complain about muddy roads when builders start work. Protect your
site and stop this source by following the steps below:
• restrict entry/exit to one stabilised location: this may not be where the driveway will
ultimately be;
• wherever practicable, extend the stabilised entry right up to the building;
• manage the entry/exit point so that sediment is not tracked offsite; use an aggregate,
recycled concrete or rock apron placed over a needle-punched geotextile fabric
membrane (section 7.1.4). See Figure 10.1; and
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• where the entry/exit area slopes towards the road, install a diversion hump across the
stabilised area to direct stormwater runoff to the side for treatment by a sediment fence or
sandbag trap.
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Figure 10.1

Typical stabilised all-weather site access

Source:

Brisbane City Council, no date
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Figure 10.2

Example erosion and sediment control plan for a small site

Source:

Brisbane City Council, no date

PART C EROSION & SEDIMENT CONTROL PRACTICES

191

Erosion and sediment control guideline 2007

192

Figure 10.3

Typical drainage and sediment control layouts

Source:

Brisbane City Council, no date
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4. Control water at the top of the site
Look at Figure 10.3 for ideas on managing the fall of the land and stormwater runoff, to help
you plan the layout of your site’s erosion and sediment controls.
Keeping water out of your works is a cost-effective site-management tool. Consider the
following points:
• where practical, divert stormwater from above the site around the disturbed area (section
6.3.1);
• steep diversion drains may require a temporary lining of geotextile fabric (section 6.3.5);
• discharge diverted stormwater onto stable areas; for example, well-vegetated lawn or
berms;
• don’t divert it onto neighbouring properties unless you have the landowner’s written
permission; and
• direct water away from the site entry/exit point, to prevent it from eroding and thus,
becoming a source of sediment runoff.
5. Control sediment at the foot of the site
Follow the steps below to keep sediment on your site:
• retain any existing grass cover adjacent to the footpath or kerb and channel (see section
7.1.1) and make sure vehicles don’t drive over it;
• use vegetated buffers, straw bale barriers, sediment fences or decanting earth bunds as
outlined in sections 7.1.1, 7.1.2, 7.1.3 and 7.2.2. For public safety and efficient sediment
control, keep these within the property boundaries unless you have council approval to
use public land; and
• if necessary, place control measures around stormwater inlets as outlined in section
7.2.6, to keep sediment out of the public stormwater network and receiving environment.
6. Put all stockpiles and building materials within the sediment control zone
Follow the steps below to keep potential sources of sediment and other contaminants within
your sediment control zone:
• keep stockpiles and building materials off the footpath and out of road reserves (and
definitely out of the roadside kerb and channel);
• keep stockpiles and building materials out of any existing or proposed public reserve
areas, in order to prevent filling of areas reserved for ponding and overland flow in storms
or loss of infiltration capacity due to soil compaction;
• keep all stockpiles and building materials within the sediment control zone behind the
sediment barrier;
• do not put stockpiles in any overland flow path or within one metre of a hazard area such
as roadside water tables, stormwater inlets, paved footpaths or driveways;
• minimise soil loss, runoff and dust problems by covering stockpiles with waterproof
covers such as geotextile fabric;
• do not stockpile excessive volumes of loose soil material onsite; limit the amount to what
is needed at any one time;
• remove surplus material from the site as soon as work is completed; and
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• advise all site workers, subcontractors and delivery drivers of their responsibilities for
responsible placement and management of building materials and stockpiles and make
them aware that they will have to pay for any damage they do to site controls.
7. Connect all downpipes early
Early connection of roof water to the stormwater system will reduce site wetness, erosion
and sediment runoff. Experience shows this reduces downtime after storms and shortens the
building construction period.
Take advantage of these benefits by:
•

installing temporary or permanent downpipes as soon as gutters are put up; and

•

connecting them into the stormwater system before putting the roof on.

8. Manage litter and building wastes – especially concrete
Follow the steps below to reduce unsightly litter and prevent pollutants getting into
stormwater and water bodies:
• store all hard waste in a way that prevents material loss caused by wind or water;
• store smaller materials such as litter in covered bins or mini-skips;
• retain waste and clean up from ‘wet trades’ on the site and contain it within the sediment
control zone in an evaporation pit lined with black plastic or other approved storage
container; and
• never let liquid wastes from ‘wet trades’ into the stormwater system.
Maintain a clean and tidy site (this will make a more efficient one, as well) by:
• removing accidental spills of soil or other materials from the road, kerb and channel or
any location outside the sediment control area:
• immediately if it’s raining or likely to rain during the day;
• at least upon completion of the day’s work (even if rainfall is unlikely during the night);
use a broom and shovel instead of hosing to clean hard surfaces;
• following storms, inspect the road reserve and sediment barriers and clean them out
without damaging them, so as to preserve the sediment retention capacity.
Concrete is lethal to fish and other stream life, even in tiny concentrations. Follow the steps
below to manage concrete washings, concrete cutting wastewater and runoff from exposed
aggregate concrete surfaces.
Concrete washings and concrete cutting wastewater
Fully contain concrete waste washed from trucks and mixer units onsite and store where it
cannot be washed from the site and cause harm to the environment. If cooling water is
needed or washing needs to be carried out onsite, ensure that there is no discharge into the
environment by:
• diverting all runoff to a grassed or unsealed area where it can soak into the ground;
• blocking a receiving drain and pumping the wastewater to an area where it can evaporate
or soak into the ground; and
• washing the fines off freshly laid concrete onto grass at the side, not into the stormwater
drainage system.
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Exposed aggregate concrete surfaces
You must prepare exposed aggregate surfaces without allowing cement residue to flow into
stormwater drains or waterways:
• where practicable, wash cement residue onto pervious surfaces or fully contain it within
temporary sediment dams created from tightly stacked sandbags;
• when suitably dry, shovel cement residue into a waste disposal bin; and
• at no time should cement residue or wastewater runoff enter the roadside gutter.
This may make it impractical on some sites for exposed aggregate driveways to be
constructed. In such cases, it is better to use an alternative driveway finish.
9. Promptly stabilise service trenching and other areas of exposed soil
Prevent trenches from becoming a source of sediment by following the steps below:
• where possible co-ordinate all the service connections to the building so they can use a
single trench;
• avoid trenching in areas where water flow is likely to concentrate;
• alternatively, try to schedule work to periods when rainfall is lowest;
• trenching must not be open for any longer than three days;
• don’t open trenches when there is a high risk of storms;
• put soil on the uphill side of the trench to divert water away from the trench line;
• pump water from trenches and excavations to a tank for appropriate offsite disposal or to
a sediment retention facility. Keep the intake off the bottom to minimise pumping
sediment (see sections 7.2.3 and 9);
• promptly backfill and compact the trench to a level at least 75-100 milimetres above the
adjoining ground level, to allow for some subsidence and prevent the trench becoming a
water channel and eroding out;
• put a low soil bund along the uphill side of the trench to divert water out of the backfill
(this can be flattened later); and
• immediately reinstate any sediment controls that may have been removed or damaged
during trenching operations.
10. Maintain and carefully decommission control measures and stabilise the site
The site manager (owner, builder or builder’s representative) must check the operation of all
soil and water management works on a daily basis and initiate immediate repair,
maintenance or modification as required:
• remove all accidental spills of soil or other materials onto the road or gutter at the end of
each day’s work;
• sweep materials from the road, not washing them down the nearest stormwater inlet;
• hold subcontractors and delivery drivers responsible for any damage caused through their
actions or negligence;
• decommission your controls with care – that way you can save money by reusing
materials like silt fencing, waratahs and straw bales on the next job; and
• revegetate or otherwise stabilise the site, as in sections 6.2 and 7.1.1.
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Useful tips

9
9
9
9

9

Permanent downpipes installed and
connected into the stormwater
system prior to the roof cover
installation.

9

Temporary downpipes connected
into the stormwater system.
Stabilised all-weather access.
Sediment fence needs urgent
maintenance.

9
8
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Sediment fencing along low side of
site; with end returns to hold water
and sediment.
Building materials stored within
sediment control zone.
Stabilised all-weather access.
Turf filter strip behind kerb and
channel.
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9

A well-stabilised all-weather site
entry/exit point.

8

Work has begun with no erosion
and sediment controls in place.

8
8

Loose soil material stockpiled in
roadside kerb and channel.
Lack of sediment control.

8
8
8
8

Rudimentary litter bin.
Downpipes not connected.
No sediment control.
No stabilised all-weather access.

Common problems

PART C EROSION & SEDIMENT CONTROL PRACTICES

197

Erosion and sediment control guideline 2007

8
8
8

No stabilised all-weather access.
No control of run-on water.
No sediment control.

8

Excessive
surplus
material
stockpiled onsite.
Sand stockpile outside sediment
control zone and in kerb and
channel.
Lack
of
litter
and
waste
management.
Sediment fence requires urgent
maintenance.

8
8
8

8
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Cutting bricks near the gutter,
where runoff will get into the
stormwater system.

PART C EROSION & SEDIMENT CONTROL PRACTICES

Erosion and sediment control guideline 2007

8

Lack of erosion and sediment
controls on a building site caused
this highly visible discharge of
sediment into the Cashmere
Stream.
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Abbreviations
asl

Above sea level

AEP

Annual exceedance probability

ARI

Average recurrence interval

BFM

Bonded fibre matrix (see section 6.2.2)

BPO

Best practicable option

DEB

Decanting earth bund (see section 7.2.2)

HIRDS

High intensity rainfall design system (NIWA, 2002)

l/sec

litres per second
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m /day

cubic metres per day

NRRP

Natural Resources Regional Plan

OSH

Occupational Safety and Health

RMA

Resource Management Act 1991

RPS

Canterbury Regional Policy Statement (26 June 1998)
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Glossary
AEP (Annual exceedance probability): a statistical term defining the probability of an event
occurring annually. Expressed as a percentage and generally used in hydrology
to define rainstorm intensity and frequency. For example, a five percent AEP
event has a five percent chance of being exceeded in any one year. This has
replaced the return period concept. A five percent AEP event expresses the
twenty year return period in more probability terms.
Anti-seep collar: an impermeable barrier, usually of concrete, constructed at intervals within
the zone of saturation along the conduit of a primary outlet pipe to increase the
seepage length along the conduit and, thereby prevent piping or seepage in the
compacted fill material along the outside of the pipe.
Area of disturbance: the area of soil exposed as a result of the development process.
ARI (average recurrence interval): the average period between exceedances of a given
rainfall or flow rate.
Baffles: semi-permeable or solid barriers placed in a sediment retention pond to deflect or
regulate flow and effect a more uniform distribution of velocities, hence creating
better settling conditions.
Batter: a constructed slope of uniform gradient.
Berm: in this guideline, berm usually means a small earthen bank, rather than roadside
berm.
BPO: best practicable option. In relation to a discharge of a contaminant, BPO means the
best method for preventing or minimising the adverse effects on the
environment having regard, among other things, to:
(1) the nature of the discharge or emission and the sensitivity of the receiving
environment to adverse effects;
(2) the financial implications, and the effects on the environment, of that option
when compared with other options; and
(3) the current state of technical knowledge and the likelihood that the option
can be successfully applied.
Bulk earthworks: this term is generally used to describe the cut to fill earthworks required to
re-grade an area. It also applies to larger-scale earthworks such as for building
excavations.
Catchment: a geographical unit within which surface runoff is carried under gravity by a
single drainage system to a common outlet or outlets. Also commonly referred
to as a watershed or drainage basin.
Catchpit: small chamber incorporating a sediment trap that runoff flows through before
entering a reticulated stormwater system (also termed a sump).
Channel: that part of a watercourse system where normal flow is contained. The channel is
generally incised into the floodplain and for many of the stable stream systems
in New Zealand can be defined in capacity as being just able to accommodate
the annual return period flow (one hundred percent AEP) without overtopping.
Also refers to an artificial conduit such as a ditch excavated to convey water.
Channel stabilisation: stabilisation of the channel profile by erosion control and/or velocity
distribution through reshaping, the use of structural linings, mass blocks,
vegetation and other measures.

PART D APPENDICES

209

Erosion and sediment control guideline 2007

Channel storage: the amount of water temporarily stored in channels while en route to an
outlet.
Chute: see Flume.
Clay (soils): a mineral soil consisting of particles less than 0.002mm in equivalent diameter.
A soil texture class.
Clean water: any water that has not been polluted by construction activities and has no
visual signs of suspended solids, e.g. overland flow (sheet or channelled)
originating from stable well-vegetated or armoured surfaces.
Cohesion: the capacity of a soil to resist shearing stress, exclusive of functional resistance.
Cohesive soil: a soil that, when unconfined, has considerable strength when air-dried and
significant cohesion when submerged.
Compaction: for construction work in soils, engineering compaction is any process by which
the soil grains are rearranged to decrease void space and bring them into closer
contact with one another, thereby increasing the weight of solid material per unit
of volume, increasing their shear and bearing strength and reducing
permeability.
Concentrated flow: the accumulation of sheet flow into discrete rills, gullies or channels,
significantly increasing erosive forces.
Conduit: any channel intended for the conveyance of water, whether open or closed.
Contaminant: includes any substance (including gases, liquids, solids, and micro-organisms)
or energy (excluding noise) or heat, that either by itself or in combination with
the same, similar, or other substances, energy, or heat:
(a) when discharged into water, changes or is likely to change the physical,
chemical, or biological condition of water; or
(b) when discharged onto or into land or into air, changes or is likely to change
the physical, chemical, or biological condition of the land or air onto or into
which it is discharged.
Contour: a line across a slope connecting points of the same elevation.
Contributing drainage area: all of that drainage area that contributes to the flow into a
treatment device. A contributing drainage area can include both clean and
sediment-laden water flows. Commonly referred to as the catchment area.
Crimping: the embedding of straw mulch into the soil surface by using implements such as a
disc cultivator set at zero cut.
Critical twenty year return period storm: a rainfall event that has a five percent annual
exceedance probability and a duration equal to the time of concentration.
Cumulative effect: the combination of discrete isolated effects, the sum of which can have a
major long-term detrimental impact.
Dam: a barrier to confine or raise water for storage or diversion, to create a hydraulic head,
to prevent gully erosion, or to retain soil, rock or other debris.
Decant rate: the rate at which surface water is decanted from a sediment retention pond.
Deposition: the accumulation of material that has settled because of reduced velocity of the
transporting agent (water or wind).
Detention dam: a dam constructed for the temporary storage of storm flow, which releases
the stored water at controlled rates in order to reduce flooding hazard
downstream of the dam.
Dewatering: the removal of impounded water, generally by pumping.
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Di-ammonium phosphate (DAP): a high-percentage nitrogen and phosphate fertiliser suitable
for the rapid establishment of grass.
Disturbed area: an area of exposed soil.
Diversion: a channel or bund constructed to convey concentrated flow.
Drainage: the removal of excess surface water or groundwater from land by means of
surface or subsurface drains.
Drainage basin: refer catchment.
Ephemeral watercourse: a watercourse that flows only part of the year; includes overland
flowpaths such as grassland swales and dry gullies which only flow during more
intensive rainstorms.
Erodible: an erodible soil is a soil that is readily entrained (moved) by actions such as
raindrop impact, overland flow or wind.
Erosion and sediment control plan: a detailed plan normally prepared by the developer's
engineer that details the way erosion is to be minimised and the treatment of
sediment-laden overland flow that is to be undertaken.
Erosion-control blankets: manufactured blankets and matting of either synthetic or natural
fibre used to minimise surface erosion by protecting soil from raindrop impact
and shallow sheet flows. Similar to but lighter and less durable than erosioncontrol mats (see below).
Erosion-control matting: manufactured matting of either synthetic or natural fibre used to
minimise surface erosion by concentrated flows and, in some cases, to promote
revegetation.
Erosive power: refers to the ability of erosional agents such as wind or water to cause
erosion. Not to be confused with erodible, as a quality of soil.
Erosive velocities: velocities that are high enough to wear away the land surface. Exposed
soils erode faster than stabilised soils. Erosive velocities vary according to the
soil type, slope, and structural or vegetative stabilisation used to protect the soil.
Estuary: area where freshwater meets salt water, where the tide meets the river current
(e.g. bays, mouths of rivers, salt marshes and lagoons). Estuaries serve as
nurseries and spawning and feeding grounds for large groups of marine life and
provide shelter and food for birds and wildlife. Estuaries are typically low energy
systems where sediment readily settles.
Evapotranspiration: the sum of surface evaporation and plant transpiration.
Emergency spillway: a sediment retention pond or dam spillway designed and constructed to
discharge flow in excess of the structure’s primary spillway design discharge.
Energy dissipator: a designed device such as an apron of rip-rap or a concrete structure
placed at the end of a water conduit such as a pipe, paved ditch or flume for the
purpose of reducing the velocity and energy of the discharged water.
Fill: earth placed (normally under a strict compaction regime) to raise the land surface.
Filter blanket: a layer of sand and/or gravel designed to prevent the movement of finegrained soils.
Filter fabric: a woven or non-woven, water-permeable geotextile made of synthetic products
such as polypropylene used for such purposes as preventing clogging of
aggregate by fine soil particles. Refer Geotextile fabric.
Filter strip: a long, narrow vegetative planting used to retard or collect sediment for the
protection of adjacent properties or receiving environments.
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Fines (soil): generally refers to the silt- and clay-size particles in soil.
Flocculation: the process whereby fine particles suspended in the water column clump
together and settle. In some instances, this can occur naturally, such as when
fresh clay-laden flows mix with saline water, as occurs in estuaries. Flocculation
can be used to promote rapid settling in sediment retention ponds by the
addition of flocculating chemicals (flocculants).
Flume: a high-velocity, open channel for conveying water to a lower level without causing
erosion. Also referred to as a chute, although, technically, a chute is part of a
flume; namely, the steeply inclined section of a flume or other similar hydraulic
structure, between the inlet and the outlet, that conveys flows directly from one
level to another.
Gabion basket: a flexible woven-wire basket comprising: two to six rectangular cells filled
with small stones. Gabions may be assembled into many types of structures,
such as retaining walls, channel liners, drop structures and groynes.
Geosynthetic erosion control systems (GECS): the artificial protection of erodible channels
and slopes using artificial erosion control material such as geosynthetic matting,
geotextiles or erosion matting. Also see Erosion-control blankets and Erosioncontrol matting in section 6.2.3.
Geotextile fabric: a woven or non-woven, impermeable or semi-permeable material generally
made of synthetic products such as polypropylene and used in a variety of
engineering, stormwater management, and erosion and sediment control
applications.
Gley soils: formed under the influence of poor drainage, gley soils are typically grey or bluegrey in colour, sometimes with reddish-brown iron deposits.
Grade:

(1) The slope of a road, channel or natural ground.
(2) The finished surface of a channel bed, road bed, top of embankment or
bottom of excavation.
(3) Any surface prepared for the support of construction like paving or for laying
conduit.
(4) To finish the surface of a channel bed, road bed, top of embankment or
bottom of excavation.

Gravel: aggregate consisting of mixed sizes of 5mm to 75mm particles which normally occur
in or near old streambeds and have been worn smooth by the action of water.
Guar: a drought-tolerant herb grown for forage and for its seed, which yields a gum used as
a thickening agent or sizing material. This biodegradable gum can be used as a
tackifier, or an adhesive applied directly to the soil, or over a layer of mulch. It
acts as a glue to hold the soil in place or increase the holding power of the
mulch.
Headwater: the source of a watercourse; the water upstream of a structure or point on a
watercourse.
Hydrology: the science of the behaviour of water in the atmosphere, on the surface of the
earth and underground.
Hydroseeding: the pressure-spraying of a slurry of water, seed, fertiliser and paper or wood
pulp over a surface to be revegetated.
Impervious: not allowing infiltration of water.
Level spreader: a device used to convert concentrated flow into sheet flow.
Mitigation: measures taken to off-set adverse environmental effects.
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Mulch: covering on surface of soil to protect it and enhance certain characteristics, such as
protection from raindrop impact and improving germination. Mulching can be
extended to include gravelling of compound areas, haul roads and access
tracks.
Overland flow path: the route of concentrated flow.
Perennial stream: a stream that maintains water in its channel throughout the year or
maintains a series of discrete pools that provide habitats for the continuation of
the aquatic ecosystem.
Permeability (soil): the rate at which water will move through a saturated soil.
Permitted activities: activities described in the Resource Management Act, regulations, or a
plan or proposed plan that does not require a resource consent if it complies
with the standards, terms, or conditions, if any, specified in the plan or proposed
plan.
Pervious: allowing movement of water.
Poly aluminum chloride (PAC): a long chain chemical that is used as a flocculant in certain
situations.
Primary spillway: the riser inlet within a sediment retention pond. See Riser.
Rainfall intensity: the volume of rainfall falling in a given time. Normally expressed as
mm/hour.
Receiving environment: the ultimate destination of a discharge, whether via a reticulated
stormwater system, from surface runoff or via direct discharge.
Rehabilitation: restoration to as near to pre-disturbance conditions as possible. This may
entail such measures as revegetation for erosion control, enhancement
planting, modification and armouring of watercourses.
Reno mattress: a shallow (three to five hundred millimetres deep), wide, flexible woven-wire
basket comprised of two to six rectangular cells filled with small stones. Often
used at culvert inlets and outlets to dissipate energy and prevent channel
erosion.
Return period: the statistical interpretation of the frequency of a given intensity and duration
of a rainstorm event. Refer AEP.
Revegetation: the establishment of vegetation to stabilise a site.
Riparian protection area: An area adjacent to a watercourse designated as a nondisturbance zone to provide a buffer between receiving environments (e.g.
watercourses) and the area of operation.
Riser: in a sediment retention pond, a vertically placed pipe to which decant pipes are
attached, which forms the inlet to the primary spillway.
River: a continually or intermittently flowing body of fresh water; and includes a stream and
modified watercourse; but does not include any artificial watercourse (including
an irrigation canal, water supply race, canal for the supply of water for electricity
power generation, and farm drainage canal).
Saturation point: in soils, the point at which a soil or an aquifer will no longer absorb any
amount of water without losing an equal amount.
Scarified: shallow subsurface disturbance with a tine implement to provide surface
roughening, used before topsoiling and revegetation.
Scour: the erosive, tractive or digging action of flowing water; the downward or lateral
erosion caused by water. Channel-forming stream scour is caused by the
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sweeping away of mud and silt from the outside bank of a curved channel
(meander), particularly during a flood.
Sediment: solid material, both mineral and organic, that is in suspension, is being
transported, or has been moved from site of origin by air, water, gravity, or ice
and has come to rest on the earth’s surface either above or below water.
Sediment delivery ratio: the proportion of the soil eroded from within a catchment area that
actually reaches sediment treatment controls or water bodies.
Sediment texture: the relative proportions of different sizes of sediment and soil particles that
can be separated by screening. Refer also to Soil texture.
Sediment yield: the quantity of sediment discharged from a particular site or catchment in a
given time, measured in dry weight or by volume. When erosion and sediment
control measures are in place, sediment yield is the sediment discharged from
the site after passing through those measures.
Sensitive areas: include water bodies used for public water supply, any river, lake, stream,
pond or wetland, sensitive crops or farming systems (e.g. organic farms) and
any place, area or feature of special significance to tangata whenua as
identified in the Environment Canterbury Natural Resources Regional Plan.
Settling: the downward movement of suspended solids through the water column.
Shear strength: the ability to resist shear (slip) forces.
Sheet flow: shallow dispersed overland flow.
Shutter boards: plywood or similar sheeting supported by light timber framing normally used
for boxing concrete forms.
Silt: a soil consisting of particles between 0.05 and 0.002 millimetres in equivalent diameter;
a soil textural class. Refer Figure 3.4.
Silt loam: a soil textural class containing a large amount of silt and small quantities of sand
and clay. Refer Figure 3.5.
Silty clay: a soil textural class containing a relatively large amount of silt and clay and a small
amount of sand. Refer Figures 3.4 and 3.5.
Slope: degree of deviation of a surface from the horizontal, measured as a numerical ratio,
as a percent, or in degrees. Expressed as a ratio, the first number is the
horizontal distance (run) and the second number is the vertical distance (rise),
as 2:1. A 2:1 slope is a fifty percent slope.
Expressed in degrees, the slope is the angle from the horizontal plane, with a
90° slope being vertical (maximum) and a 45° slope being a 1:1 slope. (Source:
USEPA Polluted Runoff (Nonpoint Source Pollution) Management Measures for
Forestry - III. Glossary http://www.epa.gov/nps/MMGI/Chapter3/ch3-3.html,
accessed 24 May 2006).
Small site: small areas of earth disturbance that normally do not require a consent from
Environment Canterbury or the city or district council, such as individual
residential building sites. Refer Permitted activities.
Soil: the unconsolidated mineral and organic material on the surface of the earth that serves
as a natural medium for the growth of land plants. Earth and rock particles
resulting from the physical and chemical disintegration of rocks, which may or
may not contain organic matter. Includes fine material (silts and clays), sand
and gravel.
Soil structure: soil structure reflects the pore space within a soil available for aeration and
storage of water. It is a measure of bulk density, and as a rule the higher the soil
bulk density the poorer the structure. The combination or arrangement of
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primary soil particles into secondary particles, units or peds. Good soil structure
is important for plant growth.
Soil texture: the relative proportions of various particle sizes in a soil material. Refer
Sediment texture and Figures 3.4 and 3.5.
Spreader (hydraulics): a device for distributing water uniformly in or from a channel.
Stabilisation: providing adequate measures, vegetative and/or structural that will protect
exposed soil to prevent erosion.
Stabilised area: an area sufficiently covered by erosion-resistant material such as a good
cover of grass, or paving by asphalt, concrete or aggregate, in order to prevent
erosion of the underlying soil.
Staging of construction: the completion of bulk earthworks in successive time phases to
minimise the area of bare earth exposed at any one time.
Subsoil: the B-horizons of soils with distinct profiles. In soils with weak profile development,
the subsoil can be defined as the soil below the ploughed soil (or its equivalent
of surface soil), in which roots normally grow.
Sump: Small chamber incorporating a sediment trap that runoff flows through before entering
a reticulated stormwater system (also termed a catchpit).
Surface runoff: rain that runs off rather than being infiltrated into or retained on the surface
on which it falls.
Surface water: all water with its surface exposed to the atmosphere.
Suspended solids: solids either floating or suspended in water.
Swale: a constructed, elongated depression in the land surface that can be seasonally wet,
is usually heavily vegetated, and is normally without flowing water. Swales
conduct stormwater into primary drainage channels and can provide some
pollutant retention and groundwater recharge.
Tackifier: A compound that is added to straw mulch to bind it together and prevent it being
blown around by the wind. See Guar.
Temporary watercourse crossing: a stable watercourse crossing that is installed for the
duration of an operation and is removed in its entirety at the completion of the
operation.
Tensile strength: resistance to elongation and tearing.
Time of concentration: the time for runoff to flow from the most remote part of the drainage
area to the outlet.
Toe (of slope): where the slope stops or levels out. Bottom of the slope.
Topsoil: fertile or desirable soil material (suitable organic and structural properties) used to
top-dress roadbanks, subsoils, parent material, etc., to provide a suitable
medium for plant growth.
Unified soil classification system (engineering): a classification system based on the
identification of soils according to their particle size, gradation, plasticity index
and liquid limit.
Uniform flow: a state of steady flow occurring when the mean velocity and cross-sectional
area are equal at all sections of a reach.
Universal soil loss equation: an equation used for the design of a water erosion control
system:
A = RKLSCP where:
A = the soil loss in tonnes per ha per annum;
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R = the rainfall factor;
K = the soil erodibility factor;
LS = the slope length and gradient factor
C = the vegetation factor;
P = the surface roughness factor.
Water body: any type of surface water such as watercourses, lakes and wetlands.
Watercourse: any pathway for concentrated overland flow, including rivers, streams and
ephemeral channels.
Watershed: refer Catchment.
Water table: the upper surface of the free groundwater in a zone of saturation; locus of
points in soil water at which hydraulic pressure is equal to atmospheric
pressure.
Water table drain: a drain that parallels a carriageway to drain surface and subsurface water
from the road formation.
Wetland: includes permanently or intermittently wet areas, shallow water, and land water
margins that support a natural ecosystem of plants and animals that are
adapted to wet conditions. Note: Environment Canterbury is in the process of
compiling an inventory of wetlands in the region. When that inventory has been
completed, the term wetland in this plan will refer to wetlands listed in that
inventory. In the interim, the term wetland has the same meaning as in section 2
of the Resource Management Act 1991.
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Appendix A Key design decisions
and assumptions
A1

Runoff design criteria

The design storm was chosen to be the ten minute, five percent AEP (20-year) event. Ten
minutes was chosen as the time of concentration for many small sites fits within this. A
twenty year storm was selected because larger storms have been shown to generate greatly
increased sediment levels than smaller storms (TP 51, ARC, 1994).
Storm intensities are based on version 2 of NIWA’s HIRDS (high intensity rainfall design
system) database. This has been found to under-estimate by thirty percent the rainfall
intensities in Christchurch in comparison with a specific Christchurch study and other areas
of the Canterbury region when compared to measured ECan rainfall data (Tony Oliver,
ECan, pers comm.). Therefore, using HIRDS a twenty year storm may in reality be closer to
a ten year event.
Where more comprehensive rainfall data is available, then it should be used to derive the
twenty year design storm pending review of the HIRDS database. Note that for areas of
Banks Peninsula, HIRDS V2 grossly under-estimates rainfall events and V1.5 should be
used: Akaroa rainfall depths are one-third of those in V2 (Allen Ingles, pers. comm., 12 June
2006).
Another source of rainfall data is Pearson (1992) Frequency of high intensity rainfalls in
Christchurch.
A basic extrapolation of the HIRDS V2 model for a ten minute twenty percent AEP (five-year)
storm event compared with a ten minute five percent AEP (twenty year) event was
undertaken for a variety of locations in Canterbury. The increase in runoff was significantly
higher: forty to sixty percent, Table A1.

Table A 1
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Percentage increase in runoff volume for a five percent AEP (twenty
year) compared to a twenty percent AEP (five-year) storm event (ten
minute duration)
Christchurch – 40%

Rangiora – 40%

Ashburton – 60%

Timaru – 55%

Tekapo – 55%

Otematata – 60%
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A2

Sediment retention pond: assessment of capacity

Summary of assessment
•

Pond sizing in Canterbury has been based on a ten hour, twenty percent AEP (five-year)
rainfall event and runoff coefficients reflecting different soil types and slopes.

•

Pond sizes for Christchurch are shown in Table A 3.

•

Pond sizes for sites with markedly different rainfall can be determined from: pond volume
(Table A 3) x [site ten hour, five-year rainfall/50]

•

Sediment retention efficiency from these ponds is expected to be higher than that of
Auckland, where pond efficiency research has been undertaken.

•

The maximum catchment/pond is suggested to be ten hectares.

•

Drain the live storage portion of a pond over twenty-four hours with decants.

•

Most flat to moderately sloping silt loam soils should require only one dewatering decant
for catchment of less than four hectares.

•

Insert drainage holes in the decant in proportion to the soil type and catchment area.

•

Ponds should be a minimum of 10m long to maximise settling prior to outlet.

•

General widths of spillways can be approximated by:
gravels
flat silt loams <5%
silt loams 10–20%
steep silt loams >20%
clay soils <20%
clay soils >20%

0.5m wide/ha x 0.5m deep
0.5m wide/ha x 0.5m deep
0.75m wide/ha x 0.5m deep
1.0m wide/ha x 0.5m deep
1.0m wide/ha x 0.5m deep
1.25m wide/ha x 0.5m deep

A 2.1 Storm and pond sizing
A ten hour twenty percent AEP (five-year) storm has been selected by Canterbury
earthworks industry representatives as the basis on which to size sediment retention ponds.
This was based on an assessment of Auckland pond sizes and known efficiencies of ponds
in that area coupled with local rainfall and experience. In Christchurch, this rainfall event is
approximately fifty millimetres, which equates to five hundred cubic metres of runoff/hectare.
However, the actual quantity discharged will depend on matters such as the type of soil and
topography. This is reflected by the use of representative runoff coefficients. The Rational
Formula is used in CCC’s Waterways, Wetlands and Drainage Guide and the runoff
coefficients from that guide are used in this one for consistency.
The Rational Formula is:
Qv2 = KCiA
where Qv
K
C
i
A

= m3
= 0.00278
= runoff coefficient (depends on soil type and topography)
= 50mm
= hectares

Representative coefficient values are in Table A 2.

2
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This is termed Cv or Volumetric C to differentiate it from peak flow C.
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Table A 2

Representative Cv3 values for different soil types and slope
Soil type/slope

Cv

Flat gravel (<5%)

0.15

Sloping gravel (>10 %)

0.25

Flat silt loam (<5%)

0.3

Sloping silt loam (10–20%)

0.4

Steep silt loam (>20%)

0.5

Clay (<10%)

0.65

Clay (>10%)

0.75

Table A 3 below shows indicative pond sizing for Christchurch:
Table A 3

Cv values and pond sizing/hectare for different soil types and slope,
based on Christchurch rainfall
Soil type/slope

Cv

Pond sizing
(m3/ha)

Flat gravel (<5%)

0.15

75

Sloping gravel (>10 %)

0.25

125

Flat silt loam (<5%)

0.3

150

Sloping silt loam (10–20%)

0.4

200

Steep silt loam (>20%)

0.5

250

Clay (<20%)

0.45

225

Clay (>20%)

0.55

275

Rainfall varies markedly around the region and so pond sizes will also vary from that shown
in Table A 3. Sizing ponds in these areas can be determined from:
Above pond volume x [site ten hour, five year rainfall/50]
Because rainfall can vary markedly over short distances as topography changes, it will be
important to ensure that the right rainfall information is used.

A 2.2 Comparison with Auckland pond efficiency
Research into sediment pond efficiencies in Auckland indicates that ponds in that area are
about seventy-five percent efficient in retaining sediment from construction sites from soils
that generally have a higher component of fine-textured soil particles than is common ion
Canterbury. Auckland ponds are either two or three hundred cubic metres per hectares
depending on the size of the contributing catchment and are thus slightly bigger than the size
indicated above.

3

From CCC Waterways, Wetlands and Drainage Guide and verified by industry earthworks
representatives.
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It is considered that the commonly used Auckland figure of seventy-five percent efficiency
would be conservative for Christchurch, as the common silt loam is a slightly smaller particle
size that would settle out faster than the finer-textured silty clay or clay-loam soil particles of
Auckland. Figure 3.5 of this guideline shows the distribution of particle sizes in typical
Canterbury soils (note these are surface soils). No direct comparison between the settling
characteristics of different soil particle sizes has been undertaken, although these are
available in Appendix 7 of the Christchurch Waterways, wetlands and drainage guide (CCC,
2003).
Conclusions:
a)

Pond sizing in Canterbury has been based on ten hour, twenty percent AEP (fiveyear) storm event and runoff coefficients reflecting different soil types and slopes.

b)

Pond sizes for Christchurch are shown in Table A 3.

c)

Pond sizes for sites with markedly different rainfall can be determined from:
pond volume (Table A 3) x [site ten hour, five year rainfall/50]

d)

Sediment retention efficiency is expected to be higher than that of Auckland.

e)

The maximum catchment/pond is suggested to be ten hectares.

A 2.3 Peak flow comparison between Christchurch and Auckland
Assumptions:
a) Peak flows are worked out from five percent AEP (twenty year), ten minute storm
records using the Rational Formula. The twenty year storm is selected because ARC
research indicates that sediment yield increases markedly with higher-intensity
storm events. Use 78.5 mm/hr for Christchurch4 and 106 mm/hr for central
Auckland5.
Table A 4

Christchurch/Auckland peak flow comparison
Christchurch peak runoff
(m3/s)

Auckland peak runoff
(m3/s)

Flat gravel

0.033

Soils not found

Flat silt loam (<5%)

0.065

Soils not found

Sloping silt loam (10–
20%)

0.087

Soils not found

0.1

0.192

Site

Clay soil (<5%)

Conclusion:
a)
For the nominated storm, peak flow from a Christchurch silt loam soil is about onethird that from the typical Auckland clay soil.

4
5
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A 2.4 Decant rates
TP 90 (ARC, 1999) stipulates a decant rate of three litres/second/hectare to drain the live
storage of sediment retention ponds. The live storage component is the top 70 percent of the
pond. This rate would drain the live storage volume from a 300m3 pond in about 19.5 hours
(i.e. 300 x 70 percent x 1000/3 x 3600). TP 90 indicates that approximately 133 x 10mm
diameter holes/ha drilled into the floating decant will achieve the discharge rate of 3 l/s/ha. A
10mm diameter hole then drains 3/133 or 0.0225 l/s. The lesser rainfall of Christchurch
suggests that a twenty-four hour draining period should be possible and which should
achieve slightly better sediment retention (because water is retained slightly longer) and,
therefore, better environmental protection. The decant rates in which to drain the live storage
from the pond over twenty-four hours, the drainage holes necessary to achieve this rate, and
the area that each decant can serve for the Christchurch situation are assessed as follows in
Table A 5.
Assumption:
a)
Live storage is 70 percent of the pond volume
Table A 5

Decant details
Volume
(m3/ha)

Live
storage
(m3/ha)

24-hour
decant rate
(l/s/ha)6

Holes /
hectare

Hectares /
decant

Flat gravel

75

52

0.6

27

7.4

Flat silt loam (<5%)

150

105

1.2

54

3.7

Sloping silt loam (>10%)

200

140

1.6

742

2.8

Steep silt loam (>20%)

250

175

2.0

90

2.2

Clay soil (<20%)

225

158

1.8

81

2.5

Clay soil (>20%)

275

193

2.2

99

2.0

Site

Conclusions:
a)
Drain the live storage of a pond over a 24-hour period.
b)
Most flat to moderately sloping silt loam soils should require only one dewatering
decant for a three or four hectare catchment.
c)
Insert drainage holes in the decant in proportion to the soil type and catchment area.
d)
Ponds should be a minimum of 10m long to maximise settling prior to outlet.

A 2.5 Spillway sizing
To compare the spillway requirements for a two percent AEP (fifty year), ten minute intensity
storm7 for a one-hectare catchment with varying soil types:
Assumptions:
(a)
C values as before.
b)
Spillway sized from Q = 1.7wh1.5 or w = Q/1.7 h1.5 (where h = depth of flow).
c)
The dewatering effect of the primary spillway and decants is ignored.

6
7

From live storage volume x 1000/24 x 3600
From Waterways, etlands and Drainage Guide. CCC
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Table A 6

Christchurch two percent (fifty year) peak runoff assessment
Spillway
width/ha (m)
with 0.2m
depth

2% (50-yr),
10-min rain
(mm/hr)

Q50 yr, 10 min

Flat gravel

95.4

39.8

0.26

Flat silt loam (<5%)

95.4

79.6

0.52

Sloping silt loam (10–20%)

95.4

106.1

0.70

Steep silt loam (>20%)

95.4

132.6

0.87

Clay (<20%)

95.4

120

0.79

Clay (>20%)

95.4

172.4

1.13

Site

(l/s/ha)

Conclusions:
a)
Christchurch has less total volume of runoff and lower peak flow than Auckland.
Therefore, spillway widths can be reduced.
b)
A freeboard depth of 0.3m is assumed over the design depth.
c)
General spillway widths:
gravels
0.5m wide/ha x 0.5m deep
flat silt loams
0.5m wide/ha x 0.5m deep
silt loams 10–20%
0.75m wide/ha x 0.5m deep
steep silt loams >20%
1.0m wide/ha x 0.5m deep
clay soils <20%
1.0m wide/ha x 0.5m deep
clay soils >20%
1.25m wide/ha x 0.5m deep

A 2.6 Over-all conclusions
a)

ten hour, five-year rainfall event and runoff coefficients reflecting different soil types
and slopes.

b)

Pond sizes for Christchurch are shown in Table A 3.

c)

Pond sizes for sites with markedly different rainfall can be determined from:
pond volume (Table A 3) x [site ten hour, five-year rainfall/50]

d)

Sediment retention efficiency from these ponds is expected to be higher than that of
Auckland (where pond efficiency research has been undertaken).

e)

The maximum catchment/pond is suggested to be ten hectares.

f)

Drain the live storage portion of a pond over twenty-four hours with decants.

g)

Most flat to moderately sloping silt loam soils should require only one dewatering
decant for a three or four hectare catchment.

h)

Insert drainage holes in the decant in proportion to the soil type and catchment area.

i)

Ponds should be a minimum of ten metres long to maximise settling prior to outlet.

j)

Spillways: general widths:
gravels
flat silt loams
silt loams 10–20%
steep silt loams >20%
clay soils <20%
clay soils >20%
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0.5m wide/ha x 0.5m deep
0.5m wide/ha x 0.5m deep
0.75m wide/ha x 0.5m deep
1.0m wide/ha x 0.5m deep
1.0m wide/ha x 0.5m deep
1.25m wide/ha x 0.5m deep
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A3

Peak flow runoff and channel sizing

The following is an assessment of a diversion channel to divert run-on water from a typical
small pasture catchment around an earthworks site.

A 3.1 Flow assessment
Assume:
a)
Peak flows are worked out from CCC (2003) records for the ten minute five percent
(twenty year AEP) storm, using the Rational Formula. This is a conservative
approach as storm durations are expected to be longer than ten minutes for fivehectare catchments, and intensity declines with longer storm duration. Use 78.5
mm/hr8. Assume run-on water is from a pasture catchment with c values (based on
the underlying soils) of 0.1 for gravel, 0.2 for silt loam and 0.25 for clay. Add 0.1
adjustment factor for steep (>20%) slopes.
Table A 7

Christchurch peak flow
Q20 peak runoff
(m3/s)
1 ha

Q20 peak runoff
(m3/s)
3 ha

Q20 peak runoff (m3/s)
5 ha

0.02

0.06

0.1

Flat silt loam (<5%)

0.04

0.12

0.2

Steep silt loam (>20%)

0.087

0.26

0.44

Clay soil (<20%)

0.55

0.16

0.27

Clay soil (>20%)

0.98

0.29

0.49

Site
Flat gravel

A 3.2 Capacity of channel
Assume trapezoidal channel with 0.5m wide base, fabric-lined, 1:3 side slopes and on two
percent grade.
1. Assume 0.1m depth of water in channel
Use

Q

=

A R2/3 S1/2
n

Q20

=

0.161 m3/s

where A

2. 0.2m depth of water in channel where
Q20

=

=
R2/3
S1/2
n

0.08m2
=
0.171
=
0. 1414 (2% fall)
=
0.012 (fabric)

A = 0.22m2 and R2/3 is 0.249

0.64 m3/s

A 3.3 Conclusion
Using a fabric-lined channel with 0.5m base, 0.5m depth (which gives 0.3m freeboard) and
1:3 sides will convey the run-on flow from five hectares of steep pasture catchment on all soil
types.
8

From Waterways, Wetlands and Drainage Guide. CCC (2003)
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Appendix B Stormwater soakage
testing and design guidelines
This Appendix supplements the information in section 5.2 of this guideline. Use the map in
Figure 5.1 together with the matrix in step 3 to identify whether onsite soakage is feasible for
managing runoff from your development. If it is not clear from this map if the site has highly
permeable soil, or the development is in another part of the region where soakage may be a
solution, then refer to the guidelines below. Note that Environment Canterbury reserves the
right to take a precautionary approach when assessing soil permeability for the purposes of
developing erosion and sediment control plans for earthworks.
Comments on guidelines that provide design methodologies for stormwater soakage
disposal
Source:
NZWERF, 2004
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Guideline

Comment

ARC TP 10 (Auckland
Regional Council, 2003)

Design procedure is for disposal of the water quality storm;
presumably this procedure would be relevant for larger
storms, i.e. to provide full disposal

Christchurch City Council
(2003)

This provides for water quality aspects and flood protection,
developed for Christchurch conditions, namely free-draining
alluvial soils. Expected to be relevant for other locations with
free-draining soils.

Auckland City
(ACC, 2003)

Relevant for areas of fractured basalt and associated highly
permeable soils. Includes details on percolation testing. Uses
design charts specifically prepared for Auckland City rainfall.

Council

Approved Document for
New Zealand Building
Code
Surface
Water
Clause E1 (BIA, 2003)

Design procedure for disposal of stormwater from individual
buildings, including procedures for field testing of soakage
and soak pit design methodology

University of Technology,
Sydney (2001)

Method not reviewed
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Appendix C

Further support

From time to time, Environment Canterbury will prepare supporting resources to help users
of this guideline. This information will be made available on the Environment Canterbury
website.
If you would like to be notified as this information becomes available, please register on the
website at http://www.ecan.govt.nz/ to go on our email list.
Currently available information includes:
•

case studies

•

factsheets

Case studies
Environment Canterbury, the earthworks industry and city and district councils in the region
are currently working together to:
•
develop case studies to help people preparing erosion and sediment control plans;
•
carry out further research on the effectiveness of the erosion and sediment control
practices in this guideline; and
•
assess the need for further measures such as chemical treatment.
Factsheets
Factsheets are available:
•

a summary factsheet about this guideline; and

•

an information factsheet on control of sediment runoff from mature industrial sites that
accompanies this guideline as part of Environment Canterbury’s Pollution Prevention
Guide.; and
a factsheet for Small Site developers.

•
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