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Preface - Purpose and scope of this document
This document provides technical guidance for erosion 
and sediment control (ESC) measures for earthwork 
activities in a Cook Island context.  Earthwork activities 
covered in this document comprise: 

� �Vegetation removal and subsequent soil/ground 
disturbance for residential, commercial and 
infrastructure developments (including roads, utility 
trenches); and

� �Earthworks associated with permitted Quarrying and 
Sand mining activities, such as overburden excavation 
and disposal.    

The intended audience of this document are 
designers, contractors and other implementers who 
are responsible for operating and maintaining ESC 
measures for earthworks. This document also provides 
useful information for:

� �Developers and designers, in planning of works which 
may have sediment impacts to the environment; and

� �Regulatory o�cers, who assess and approve earth 
working activities where sediment impacts to the 
environment need to be managed.  

Links and references to relevant technical resources 
are compiled in Section 6.

Clean water
Water that is free of sediment or pollutants. In the ESC context, this typically is the water from above a 
work site that has not run through the works area. This water could be in contained in streams or channels, 
or stormwater runon.

Construction staging Earthworks are undertake (or staged) over smaller areas in a site,  with progressive revegetation to limit 
erosion

Decanting earth bund 
(DEB)

An area to temporarily store water, formed from a temporary bund or ridge of compacted earth. The bund 
provides an area where dirty water runo� can be ponded, and suspended sediment can settle out before 
runo� is discharged. 

Dirty water Water that contains soil/sediment, and is typically discoloured. In the ESC context this usually water that 
requires treatment prior to discharge. 

Discharge or Discharge 
point 

The point where water (either clean or dirty) leaves the boundary of a site, and enters into streams, 
channels or ground beyond the boundary.  

Erosion The process of wearing away the land surface by running water, wind and/or ice. 

ESC Erosion and Sediment Control

ESC Designer The author of the Erosion and Sediment Control Plan 

ESCP Erosion and Sediment Control Plan. Best practise would be to have this plan approved by a permitting 
authority prior to Works commencing 

Receiving waters A natural water body or drainage feature that receives the site discharge  

Runo� Surface �ow of water that occurs when precipitation occurs (primarily rain). 

Runon Surface �ow of water that enters into a site boundary 

Sediment control 
structures

Constructed ESC measures (e.g. DEB, SRP) that installed, monitored and maintained  for the purpose of 
capturing eroded sediment 

Sedimentation The process where sediment particles enter and move through the water column, typically accumulating at 
the bottom

Silt fence A temporary barrier of woven geotextile fabric that is used to capture mainly coarse sediments carried in 
sheet �ow runo�. Silt fences provides impoundment and allows sediment to settle out of the water.  

Site The extent and boundary of Works that is addressed by the ESCP

Site erodiability 
The amount of sediment generated by a site (with or without erosion controls). This depends on the 
erodibility of the soil, the energy of the rainfall and the site conditions (vegetation cover, slope, amount of 
earthworks) 

Stabilised entrance

AA protected entry or exit point of a construction site. These points are typically stabilised through 
measures such large rocks and are designed to prevent site access points becoming sources of sediment, 
and/or assist in minimising dust generation and disturbance of areas adjacent to the road frontage by 
providing a de�ned entry and exit point.  

Treatment The practise of constructing structural measures for sediment removal from water. 

Works Activities requiring ESC practises. This typically comprises construction activities that remove vegetation 
to expose erodible soil, and/or disturbs the underlying soil

Terminology 
Terminology and acronyms used in this document are set out below. The �rst use of these terms and 
acronyms are highlighted bold in the subsequent sections. 
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1. Why is erosion and sediment control important 

The Cook Islands has experienced an increase in land 
use and development, resulting in more construction 
earthworks being permitted and carried out. 

Without measures to minimise erosion, the impact 
on fresh water and coastal environments can be 
signi�cant. 

Environmental e�ects associated with sediment 
release have been documented both globally, and for 
the Cook Islands. They include: 

� Build-up of sediment in the stream bed 

� �Alteration of aquatic habitats (e.g. smothering 
spawning areas, changing light penetration, 
temperature change)

� �Accumulation of pollutants transported by sediments 
(e.g. hydrocarbons, agricultural nutrients and toxic 
substances) 

� �Blocking water �ows, increasing susceptibility to 
�ooding and consequent damage to property

� �E�ects on water quality used for irrigation, stock 
and domestic water supplies (e.g. clogging of 
pumps, �lters and sprinkle nozzles,  increased water 
treatment required) 

� �Reduced appearance of water for recreational use (e.g. 
swimming, �shing) 

� Physical changes to the stream channel and banks. 

This document set outs a systematic approach for 
designing and implementing Erosion and Sediment 
Control (ESC).,The intention of e�ective ESC is to 
minimise erosion and the subsequent amount of 
sediment discharged from Works, which generate 
sediment. This document has been structured as 
follows: 

Diagram 1.1: Document �owchart
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2. Principles of erosion and sediment controls 

2.1 Understanding erosion
Erosion and sedimentation are related processes. 
Erosion is the process of wearing away the land 
surface by running water, wind and/or ice. Through 
the erosion process, soil particles are dislodged 
and mobilised, generally from rainfall. The amount 
of sediment generated depends on the erodibility 
of the soil, the energy of the rainfall and the site 
conditions (referred hereafter as site erodabilitiy). 

Typically, the steeper the site and the longer the 
�ow lengths, the more energy will be created by 
rainfall �owing across the ground, and sediment 
is more likely to be generated.  Modifying site 
conditions (e.g. excavating and loosening soil, 
removing vegetation covering) increases the site 
erodabilty, and further increases the likelihood of 
sediment generation. 

Once soil particles are dislodged, sedimentation is 
the process where these particles enter and move 
through the water column, typically accumulating at 
the bottom (refer Figure 2.1).

2.1.1 Geology
The Cook Islands are the result of volcanic activity and
coral growth (ref 1). Rarotonga is the largest of the Cook
Islands, and has been broadly classi�ed into three zones:

� Coastal margins, comprising the estuarine and beach
ridges;

� Flood plains, on slopes typically less than 5 degrees; and

� Interior fans, terraces and upland hilly and steep land
(moderately sloping to steep).

A typical geological cross section for Rarotonga is
illustrated below (refer Figure 2.2).

Based on this cross section, and supporting information
contained in the soil survey report (ref 2), erodible soils re 
present at Rarotonga and likely to be exposed during 
vegetation removal and/or earthworks (even shallow

earthworks). Unless basaltic rock is being exposed,
most soils are likely to be susceptible to natural erosion.
These soils could range from yellow beach sands (for the
beach ridge areas) to alluvial and colluvium silts and clay
deposits of brown, grey/dark grey and red in colour (in
the �ood plains and interior land).

The loosening of these soil through human activities
such has earthworks has the potential to further
increase its erodability and result in sedimentation. Well
implemented erosion controls can reduce this increase.

Speci�c geological information for the outer islands
is not available. Unless speci�c planning and/or
investigations demonstrates site erodabiltiy will not
increase because of the Works, planning of Works must
consider erosion controls.

Figure 2.1: The erosion 
and sedimentation 
process
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The adverse environmental e�ects resulting from 
this process (refer Section 1) are the reasons 
to understand what in�uence soil erosion, and 
implement e�ective ESC during activities that can 
increase the site erodability. 

Figure 2.2: Diagrammatic cross-section of Rarotonga 
Reproduced from NZ Soil Survey Report 49: Soils of Rarotonga Cook Islands, NZ Soil Bureau (1980).
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2.1.2 Climate  
The Cook Islands experiences a tropical climate with 
two seasons:

� �Wet season: Typically November to May, 
characterised by high humidity, sudden downpours, 
strong winds and tropical cyclones (hurricanes). 

� �Dry season: Typically June to October, characterised 
by cooler temperatures. 

In the Northern Cooks Islands, the temperature can 
remain mostly constant throughout the year, while in 
the Southern Cooks (including Rarotonga and Aitutaki) 
there is slight di�erence between the wet (warmer) 
and dry (cooler) months.  

Climate outlooks and forecasts provide valuable 
guidance for construction planning, as they can guide 
start and duration of Works. 

Climate outlooks and forecasts are available on The 
Cook Islands Meteorological Service website: 
https://www.met.gov.ck/

Works should always be timed to start in periods of 
forecasted dry weather (i.e. no rain). If Works cannot 
be completed within the same period of dry, ESC 
measures are required unless it is demonstrated that 
site erodability will not increase because of the Works.

2.2 Understanding Sedimentation
Erosion control is the most e�ective way to minimise
the e�ects from sedimentations. However in most
cases, increasing of site erodability cannot be
completely eliminated and some sedimentation will
occur (as sedimentation results when erosion occurs).

The sedimentation process can be managed to reduce
its impacts through arti�cial structures (sediment
controls) which allow eroded soil in dirty water to be
�trapped� before being carried into receiving waters
which have human and environmental value                
(refer Figure 2.3).

Vegetation is the most e�ective form of erosion
control, in preventing or reducing erodabilty of soil
surfaces. Vegetation provides a shield to the energy
of falling rain, slows the velocity of rainfall runo�,
holds soil particles together, and increases the
capacity of soil to absorb water. While Works are
occurring, arti�cial shields can be created using mulch,
geotextiles or similar to temporarily cover the ground.
Once complete, the ground cover should be replaced
either through paving, or re-grassing where otherwise
exposed soil would remain.

For Works that include removal of existing vegetation
ground cover (e.g. grass), planning of the Works must
consider erosion controls.

Figure 2.3: Water treatment concept

Figure 2. 3
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2.1.3 Ground cover 
Vegetation is the most e�ective form of 
erosion control, in preventing or reducing 
erodabilty of soil surfaces. Vegetation 
provides a shield to the energy of falling 
rain, slows the velocity of rainfall runo�, 
holds soil particles together, and increases 
the capacity of soil to absorb water. While 
Works are occurring, arti�cial shields can 
be created using mulch, geotextiles or 
similar to temporarily cover the ground. 
Once complete, the ground cover should 
be replaced either through paving, or re-
grassing where otherwise exposed soil 
would remain.    

For Works that include removal of existing 
vegetation ground cover (e.g. grass), planning 
of the Works must consider erosion controls. 
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2.3 Construction planning  
Construction planning is an important part of 
understanding how Works can be carried out to 
maximum erosion control and minimise sediment 
control.    

Earthworks carried out over the entire site maximises 
the time and area that soil is exposed and prone 
to erosion. Construction staging is useful for large 
projects.  This involves completing earthworks in 
smaller areas, with progressive revegetation to 
limit erosion, reducing the level of sediment control 
necessary.  

Construction planning shall consider:
� �How Works are sequenced. This can be done 

through illustrative sketches showing the 
construction steps. 

� �Duration and timing of Works, including timing of 
ground cover is removed and subsequently replaced. 

� Site erodability, and level of ESC required.  

� Site speci�c considerations e.g. 

- �Protecting steep slopes, either through avoiding 
ground cover clearance, or by diverting water 
around cleared slopes

- �Protecting waterbodies within the site, by 
establishing �no-go� zones for vegetation clearance.

� �The risk to all waterbodies and public drainage 
infrastructure within and around the Site, in 
particular

- How can site discharges enter streams

- �How can site discharges enter public drainage 
infrastructure

Construction planning shall also consider how 
temporary stockpiles, site access and utility 
service installation are managed so not to increase 
site erodability. Covering stockpiles, maintaining 
designated access points, and timing of service 
installation to dry weather are examples of how this 
could be achieved.    

The construction planning considerations and the 
Works sequencing shall be set out in a site speci�c 
Erosion and Sediment Control Plan (ESCP). 

The ESC designer (i.e. the author of the ESCP) shall 
be suitability experienced and able to:

� �Understand the nature of Works and assess site 
erodability accordingly 

� Set out the construction planning 

� �Select and design ESC measures in accordance 
with this guideline

� �Supervise and monitor the implementation of 
ESC in accordance with the approved ESCP and 
relevant permit requirements. 

The subsequent sections have been prepared to 
guide the ESC designer, and provide a framework of 
minimum requirements for a permitting authority to 
approve the ESCP.   
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3. Erosion and sediment control (ESC) design  

3.1 Understanding site hydrology 
It is important to quantify the amount of water entering 
into (runon), and running o� from a site (runo�) when 
selecting appropriate ESC.  

To assess site hydrology for an ESC context, the 
following must �rst be determined:

� Duration of works = 

- Less than 1 month 

- 1 to 6 months

 - More than 6 months 

� Catchment Area =

Site Area (A s, in hectares)

+ Upstream Catchment entering site (A u-in, in hectares)

+ �Upstream Catchment diverted around site 
(A u-out, in hectares)

� ESC design Area A esc =

Catchment Area � A u-out 

3.1.1 Acceptable rainfall risk
A design storm can be de�ned to achieve a set level 
of protection for the protection of downstream water 
bodies. Typically, the 20 year ARI event is adopted as 
the design storm in an ESC context. However, Works 
with shorter duration has reduced exposure (and so 
susceptibility) to soil erosion, and a lower design storm 
may be acceptable (refer Figure 3.1), though this must 
be balanced by the sensitivity of receiving waters.  

The following provides guidance for the ESC designer 
to determine the design storm for Works of varying 
durations: 

� �Less than 1 month: no less than the 1 year event 

� �1 to 6 months: 2 � 10 year event, depending on 
sensitivity of receiving waters. 

� �More than 6 months: 10 -20 year event, depending on 
sensitivity of receiving waters

3.1.2 Estimating design runo� 
The rational method provides a simple empirical model 
suitable for estimating peak �ow from storm water 
runo� (refer Eq. 1) and is widely accepted in New Zealand 
applications for runo� �ow estimations. 

Eq. 1:   

Where: 
Q = Peak discharge (m‡/s)

C = Runoff coefficient (see section 4.3.1.2)

i = Rainfall intensity (mm/hour)

A = Area of catchment (hectares)                                                                                                

Rainfall intensity is a function of the time of 
concentration (i.e. the shortest time for water to 
travel over the longest path within your site). For small 
sites typically < 0.5 ha (5,000 m2), a 10 min time of 
concentration is appropriate in most cases. For larger 
sites, the ESC designer shall calculate a site-speci�c time 
of concentration. High intensity rainfall data (e.g. HIRDs, 
or similar) is used to determine the rainfall intensity 
which corresponds to the time of concentration. 

   

Q= CiA
360

Note: HIRDs data for Cook Is-
lands is under development. It 
is recommended the New
Zealand HIRDs or Australian
equivalent for regions of
comparable climate is adopted in 
the interim (refer Section 7).                  
For ESC design, climate change
factors may be ignored.

Figure 3.1: Rainfall probability graph (based on New Zealand data)
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3.1.2 Estimating design runo� cont...
Table 3.1 provides values for typical runo� coe�cients 
(C) by soil type. A high level understanding of site soil 
and its erodability is recommended before selecting an 
appropriate C value. For large sites, multiple C values 
may be appropriate. In this case, Area (A) in Eq. 1 should 
be adjusted to re�ect the extent that the C-value would 
apply to.  

Table 3.1: Runo� co-e�cient �C�

Runo� Co-e�cient by soil type

Topsoil 0.4

Flat sand (<5°) 0.15

Flat bare silt (<5°) 0.3

Moderately sloping bare silt (10-20°) 0.4

Moderate sloping bare clay (<10°) 0.65

Steep bare clay (>10°) 0.75

Gently sloping grass cover (<10°, 
sand or clay)

0.1 � 0.2

Steep steep bush 0.6 

A design runo� estimate is required for sizing the 
following ESC measures:
� �Cleanwater diversion drains (refer section 4.1):  

Use A u-out  in Eq. 1 

� �Dirty water diversion drains (refer section 5.1): 
Use Aesc Eq. 1 

Worked example:
Step 1: Assess acceptable risk

Works duration: 1 month in October (dry season)

Receiving water sensitivity: Stream -> Coastal
Lagoon; High

Design storm: 5 year (18% chance of
exceedance, considered acceptable)

Step 2: Estimate design run o�

Site extents: 50 m wide x 100 m long, so site
area = 5000 m2, 0.5 ha

For 0.5 ha, adopt time of concentration (tc) of 10
min.

For tc of 10 min, design storm of 5 year, rainfall
intensity i (refer Figure 3.1) = 75 mm/hr

Figure 3.2: NZ HIRDs data table from Northland
(considered to have comparable climate)

Site soils = sand, C = 0.15 (from Table 3.1)

Run-o� to size dirty water channel

 = C x i x Aesc /360

 = 0.15 x 75 x 0.5/360

 = 0.015 m3/s
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Stockpiled material for site without sediment controls

Covered rainfall protection to site materials

Erosion controls act to limit the amount of sediment eroded.
As discussed above, construction planning should place
emphasis on erosion control to minimise the mobilisation of
sediment. By this, less sediment is required to be captured
and treated through the control measures compared to
relying solely on sediment control.

E�ective erosion control is about reducing the energy
of runon water to dislodge sediment and/or providing
greater protection to �shield� soil from it energy. This is
achieved through:

� �Minimising the volume and velocity of water entering, 
and subsequently 
existing the site; and

� �Maintaining or providing a protective layer against 
soil erosion through existing vegetation or using soil 
stabilisation techniques.

For most activities, a combination of both techniques 
will need to be applied. Speci�c guidance on these 
techniques are set out below.

spp
Stamp
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4.1 Clean water diversion channels
Clean water diversion channels are used to divert
clean water away from the site, which subsequently
reduces the volume of dirty water required to be
treated through sediment controls (refer Figure 4.1).
Cleanwater drains need to discharge to a protected
area of ground , which can be formed using sandbags,
pinned geotextile and/or loose rock.

Figure 4.1: Cleanwater diversion channels
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Clean water diversion drain under construction         

Design 
Clean water diversion are designed to convey runo� to 
a stabilised point, without resulting in channel scour 
and erosion. Clean water diversions comprise of lined 
channels (e.g. through pinned geotextiles) or non-
perforated pipes. The size of the diversion is governed 
by the catchment area being collected.

Detail 4.1� Cross section of a clean water
drain � from GD05

While the slope of the drain is largely governed by the 
natural slope of the ground, it should be steep enough 
for water to �ow without ponding but not so steep that 
erosion and scour occurs. Typically, slopes should be 
between 1-5%. If lining of the channel (or other velocity 
control measures) are not proposed, the channel 
velocity shall be no more than 0.5 m/s, to prevent scour.  

A example of selecting a design storm and determinig 
run o� was provided in Section 3.1. The worked example 
is continued to provide further guideance for sizing a 
clean water drain

Worked example: 
A catchment upslope of the site comprises 2 ha 
of grass pasture, gently sloping (at about 2%) 
towards the site (which is 0.5 ha). Of this, 3000 
m2 (0.3 ha) cannot be diverted around the site.

The �ow requiring diversion is calculated in the 
same manner as the example in Section 3.1:

Total upstream area = 2 ha 

Upstream Catchment entering site (A u-in) 
= 0.3 ha

Upstream Catchment diverted around site (A 
u-out) = 2 - 0.3 = 1.7 ha

For 1.7 ha of grass pasture, the time of 
concentration (tc) is calculated as 30 min. 

For tc of 30 min, design storm of 5 year, rainfall 
intensity i (from NZ HIRDS, Northland) 
= 47 mm/hr

Site soils = moderate sloping grass (silt/topsoil), 
C = 0.4 (from Table 3.1)

Run-o� to size clean water channel 
= C x i x Au-o� /360
= 0.4 x 47 x 1.7/360
= 0.09 m3/s

Natural slope = 2- 3%, constructed drain slope 
= 2% (1 in 50)

Channel lining: smooth earth (manning n =0.018 )

„ �Reference: https://www.engineeringtoolbox.
com/mannings-roughness-d_799.html

Summary of design:

Channel dimensions  
Top width: 3.5 m
Base width: 1.4m 

Freeboard: 0.3 m (standard)

Flow depth:
0.01 m (calculated for 

design �ow)

Flow velocity 
1.1 m/s (geotextile lining 
or check dams required)

A calculation sheet to support this speci�c drain design 
is included as Appendix A. 

spp
Text Box
These pages are designed as “tear-away” fact sheets, to allow easy incorporation of relevant items into site specific ESCPs



14Erosion and Sediment Control Guidelines for the Cook Islands

4.2 Check dams 
Check dams are small temporary dams constructed 
across an open drain or small water channel, usually 
comprise of multiple in series. Their primary purpose is 
to slow down water velocity and prevent channel scour 
and may be used for drain catchments less than 1 ha. 
Where catchments exceed 1ha, drain lining should be 
adopted.  

As a rule of thumb, �ow velocities exceeding 0.5 m/s in 
sand, or 1 m/s in clay are likely to cause scour.   

They are made from non-erodible material such as, 
sandbags and loose rocks (rip-rap).  

A series of rock check dams

A temporary sandbag check dam � Auckland GDO5

Design
Check dams are typically constructed with either 450 
or 600 mm high centres, the maximum height of check 
dams should be 200 mm below the top of the channel. 
The spacing of the check dams is dictated by the slope 
of the channel; a steep slope will have faster �ows and 
require more dams to reduce velocity. 

Table 4.1 Silt fence return calculation

Detail 4.2: Check dam cross-section 

Worked example: 
A temporary clean water diversion drain is 
required for 2 weeks to divert water over a 6% 
slope. The clean water drain has already been 
sized for the catchment area; 1.2 m wide and 
0.6 m in height, and needs to be 20 m long. The 
�ow velocity is much higher than 0.5 m/s and 
channel scour is considered likely. 

Lining the channel is an expensive option as 
the channel will only be required for 2 weeks. 
Instead, check dams created from sandbags are 
proposed. 

� �Step 1: Check Dam height. The centre dam 
height must be lower than the channel height, 
the channel height is 600 mm (0.6m) so 450 
mm is selected as the check dam height. 

� �Step 2: Spacing between Check dams. The 
slope of the channel is 6% and the height is 
450 mm. From Table 3.1, the required spacing 
between dams is 5 m. As our slope length is 20 
m this would require 4 check dams (20 / 5). If 0 
m is the start of the slope and 20 m is the end, 
the dams would be located at 5m, 10m, 15m 
and 20m. 
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4.3 Stabilised entranceways 
A stabilised entranceway is designed to stop site 
access ways becoming sources of sediment. They 
are located at any entry and exit points to the 
construction site. Design of a stabilised entryway 
need to consider: 

� Location of permanent entry/exit points;

� Length of the entrance way; and 

� The expected daily tra�c volumes. 

Design 

Wheel wash to remove sediment from tires

A grid to remove sediment from tires

Detail 4.3:

Detail 4.4:

Worked example: 
The earthworks site is close to the main village and construction vehicles will be using the main 
road to get to and from site. This activity is likely to track mud and dirt along the main road and 
result in complaints from the community. 

A stabilised entrance will reduce the quantity of mud and dirt leaving the site and being tracked 
on the main road. 

The size of the stabilised entranceway is constrained by the site conditions, however the 
minimum distances can be met (shown in the table above). 
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4.4 Soil surface stabilisation
A site that can reduces the area of exposed soil is one that has reduced its erodabilty, and is sometimes necessary. 

� For large sites, greater than 2 ha; 

� �Where implemented sediment control are not proving e�ective.   

Techniques to stabilise (or provide temporary ground cover) include grassing, mulching and geotextile placement.

4.4.1 Grassing 
Grass and vegetation is often the simplest way to achieve stabilisation. However, it is only e�ective if good grass 
strike is achieved with at least 80% coverage, so it is important to time the seeding with the seasons and achieve 
good seed coverage. Grassing is primarily used as a medium to long term solution.

4.4.2 Mulching 
This involves covering the disturbed soil with a layer of mulch which includes wood pulp, hay, bark and straw 
creates a protective layer over the soil. Mulching is primarily used to achieve rapid stabilisation for a short to 
medium term solution. 

Initial hydro seeding and slope planting

Hay mulching next to stream 

Well struck hydroseed

Bark mulching, retaining moisture for plants
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4.4.3 Geotextile placement
his involves placing and pinning geotextile fabric over the top of the disturbed soil. Once applied this control 
will immediately reduce the erodability of disturbed soil. This can be a short term, or long term (semi-
permanent) solution depending on the geotextile chosen. 

Geotextile fabrics cover a range products. Biodegradable geotextiles provide temporary erosion protection 
allowing time for vegetation to establish itself before breaking down into the environment. Non-biodegradable 
geotextiles should be removed after their use, they are typically used to stabilise short steep slopes, on 
batters and stockpiles.

Biodegradable coconut matting Non-biodegradable geotextile

Worked example: 
Earthworks for a new house site have been conducted at the end dry season but the new house will not 
be built until after the wet season. During the wet season, sediment will be washed from the site and 
enter the nearby stream, if the soil is left exposed. 

The soil surface should be stabilised to prevent rainfall washing away the soil.  As the site will not 
be worked on for another 6 months, grass stabilisation is chosen to achieve this. Grass will take 
approximately 6-8 weeks to establish. So a temporary cover is required to protect the soil while the 
grass establishes. A biodegradable matting or 50 mm layer of mulch can be used. In this case, the mulch 
is readily available and the matting is not, so mulch has been chosen.  

Solution: Apply grass seed to the soil, and covering with a thin layer of mulch to protect the seed as the 
grass strike is established.
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Sediment controls act to remove sediment once it 
has been dislodged and mobilised in rainfall runo�. 
Sediment controls must be applied before dirty water 
runo� leaves a site and enters receiving waters.

E�ective sediment controls focuses on the two keys 
aspects of sedimentation transportation:

� �Capture and convey dirty water to sediment control 
structures; and 

Earthworks (which increase site erodibility) carried out without sediment controls

Site fence to control dirty water from slope earthworks

� �Reduce its velocity to allow enable sedimentation to 
occur at these sediment control structures. 

The amount of sediment control required is governed 
by the ESC design area (Aesc), and a larger area will 
always result in a greater amount of sediment control 
necessary. Sediment controls should always be applied 
with erosion control methods outlined earlier in this 
guidance.

spp
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5.1 Dirty water conveyance 
Dirty water drains are used to collect and carry dirty 
water (runo� with sediment) from a site area to an 
appropriate sediment treatment pond. Dirty water 
drains are normally constructed across a slope, at a 
grade of 2% and discharge to a treatment structure 
(sediment retention pond, or decanting earth bund)  

Dirty water drains are typically unlined, unless notable 
scouring of the drain base is observed.  

Example of a dirty water drain 

Design
� Drain are often constructed from a combination of

a back or bund with the excavation upslope, or an
earthen back constructed from compacted earth
(refer Detail 5.1 below)

� For larger sites areas (typically >2ha, 20,000 m2) or
drains steeper than >2% (1 in 50), the same design
process for cleanwater drain sizing shall be carried
out for dirty water drains.

� Where possible, choose a route to the sediment
treatment device that avoids trees, infrastructure,
fence lines and other features

� Like clean water drains, dirty water drains must 300
mm freeboard.

Once implemented, if scour of the drain invert is
observed on more than 3 occasions, or compromises
the drain function (e.g. allows water to escape),
geotextile lining or check dams should be considered.

Detail 5.1: Standard cross
section of dirty water drain

Table below is produced for a U channel, 0.6 m width, allowing for 0.3 m freeboard (approximate standard detail

A calculation sheet to support this design check is included as Appendix A.  

Slope Design depth Design �ow capacity Design �ow capacity Comments

1 in 50 (2%) 0.08 0.024 m/s 1.0 m/s Standard detail

1 in 16.7 (6%) 0.08 0.041 m/s - ok 1.8 m/s � not ok
Velocities too high. 
Need speci�c design 

Worked example: 
A catchment upslope of the site comprises 2 ha 
of grass pasture, gently sloping (at about 2%) 
towards the site which is 0.5 ha. Of this, 3000 
m2 (0.3 ha) cannot be diverted around the site. 
The site area falls at 6% grade (3.5°), and it is not 
practical to construct a dirty water drain at a 
shallower grade.

Dirty water drains are sized in the same manner 
as clean water diversion drains. 

Total upstream area = 2 ha 

Upstream Catchment entering site (A u-in) = 0.3 ha

Upstream Catchment diverted around site 
(A u-out) = 2 - 0.3 = 1.7 ha

ESC design Area A esc

= Site Area + A u-in 

=  0.5 + 0.3 = 0.7 ha

For 0.7 ha of bare earth (silt) the time of 
concentration (tc) is calculated as 10 min. 

For tc of 10 min, design storm of 5 year, rainfall 
intensity i (from NZ HIRDS, Northland) = 75 mm/hr

Site soils = �at bare silt (<5°), C = 0.3 
(from Table 3.1)

Run-o� to size dirty water channel

= C x i x Au-o� /360

 = 0.3 x 75 x 0.7/360

 = 0.04 m3/s

Constructed drain slope = 6% (1 in 16.7, or 3.5°)

Channel lining: smooth earth (manning n =0.018 )

Check against hydraulic performance for the 
standard cross-section detail:
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The size of an SRP is based on the ESC design area 
which contributes to that speci�c SRP (Aesc -x), and the 
slope of  surrounding ground. A maximum of 3 ha can 
be treated by a single SPR.  

As guidance: 
� �For sites with slopes less than 10% grade the main bay 

size is a 200 m3 per ha 
� �For sites with slopes greater that 10% the main bay 

should 300 m3 per ha 

5.2 Sediment retention ponds 
A sediment retention pond (SRP) is a constructed 
ponding area to allow sediment to settle out 
(sedimentation). It is constructed by excavating to 
natural ground, or forming an embankment, or a 
combination of both (depending on the site slope).  

An SRP must be located so that dirty water can 
pass through it, before leaving the site boundary.

Sediment retention pond (SRP) in New Zealand

Design 
Sediment retention ponds must 
contain a forebay, a main bay and 
a decanting structure. These work 
together to maximise sediment 
removal from the water. 

A critical component of the SRP�s 
performance is the distance 
between the inlet and outlet of the 
SRP which should be maximised. 
The width to length ratio should be 
between 1:3 and 1:5 (measured at 
the primary spillway). 

Detail 5.2: Sediment pond detail. Reproduced from Auckland Guidance Document 05 (GD05)

Worked example: 
A catchment upslope of the site comprises 2 ha of grass pasture, gently sloping (at about 2%) towards 
the site which is 0.5 ha. Of this, 3000 m2 (0.3 ha) cannot be diverted around the site. The site area 
falls at 6% grade (3.5°), and it is not practical to construct a dirty water drain at a shallower grade. The 
maximum overland �ow path is 100 m (which includes 20 m of dirty water diversion drain). 
ESC design Area A esc =  0.7 ha (<3.0 ha, so only 1 SRP required).
A calculation sheet for this design is included as Appendix A. In summary:
� Main bay volume = 140 m3, Forebay = 7m3
� �Main bay dimensions (top, for 3:1 side slope batters): 10 .1 m (wide) x 21.2 m (long).
� �Forebay dimensions (top): 7.1 m (wide) x 2.3 m (long) 

� �The forebay should be 10% of the �nal main bay volume.
This gives the total capacity required of an SRP. 
A standard drawing and design requirements for SRP are 
in Appendix B.  
Note: Many other countries utilise concrete manholes 
as their dewatering / outlet devices. This option has 
not been shown here due to supply availability in the 
Cook Islands. Please refer to the reference section for 
further information on the use of concrete manholes as 
dewatering devices. 
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5.3 Decanting earth bunds
A decanting earth bund (DEB) is ponding area 
constructed from a temporary compacted earth 
bund. A DEB has the same function as SRP, 
however is only appropriate for treating up to 
3000 m2 (0.3 ha). DEB�s purpose is to reduce the 
amount of sediment contained within runo� 
before leaving the work site.

DEB from � Ecan ESC 2007

DEB shall remain until the contributing catchment 
has been stabilised.

Design
� �A pipe should pass through the DEB to allow clean 

water to discharge downstream.

� �The inlet of the pipe should be 150mm lower than 
the spillway.

� �The maximum catchment area contributing to a 
DEB should not exceed 0.3 ha. DEBs shall be sized 

Detail 5.3 � Decanting earth bund. Reproduced from Environment Canterbury Guidelines (Ecan ESC 2007)

Worked example: 
A new stockpiling area is required for 
excavated soil. A �at area of 2000 m2 is 
available adjacent to the site, and is proposed 
to hold the stockpile material, but also to park 
dirty machinery at the end of each working 
day. A DEB is proposed at the lowest point of 
the site to provide treatment of the full area.  

 

ESC design Area A esc =  0.2 ha (2000 m2) 

DEB volume = 30/100 x 2000

                        = 60 m3 

DEB Area      = 60 m3/ 1.2 m 

                        = 50 m2

Dimensions  = 7.1 m x 7.1 m 
(assuming a square shape)

to store 30 m3 for every 100 m2 (0.1 ha) of the 
catchment. 

� The DEB should be no more than 1.2 m deep

The cross section and elevation drawings below, 
illustrates the key design parameters for a 
decanting earth bund.
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