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Foreword

This Malaysian Standard was developed by the Technical Committee on Planning and Design
of Urban Stormwater Management under the authority of the Industry Standards Committee
on Building, Construction and Civil Engineering. Development of this standard was carried out
by the Department of Irrigation and Drainage Malaysia which is the Standards-Writing
Organisation (SWO) appointed by SIRIM Berhad to develop standards for urban stormwater
management.

This Malaysian Standard on Urban stormwater management is part of a series of standards
developed for stormwater management design practices in Malaysia. The series from Parts (1
to 20) cover the majority of stormwater facilities, from quantity design to erosion and sediment
control. However, Parts (1 to 3) of these standards set the general criteria, common to all
facilities, needed to design for either stormwater quantity or quality control and Parts (4 to 20)
of these standards set the specific criteria for the design of the individual facility or Best
Management Practices (BMP).

These standards are derived mainly from the Urban Stormwater Management Manual for
Malaysia, 2nd Edition (MSMA 2nd Edition), which already contains extensive explanatory
material as well as detailed technical guides, including work examples. As such, these
standards do not replicate the design manual. Rather, they summarise the pertinent aspects
of the manual which the user shall comply with as minimum requirements in designing
stormwater facilities.

It is hoped that with these standards, stormwater management in the country can be properly
implemented and regulated in minimising the present haphazard flash floods as well as
deterioration in water quality resulting from developing and developed catchment areas.

This Malaysian Standard does not purport to include all the necessary provisions of a
contract. Users of Malaysian Standards are responsible for their correct application.

MS 2526:2012 consists of the following parts, under the general title Urban stormwater
management:

Part 1: Design acceptance criteria
Part 2: Quantity design fundamentals
Part 3: Quality design fundamentals
Part 4: Roof and property drainage
Part 5: On-site detention

Part 6: Rainwater harvesting

Part 7: Detention ponds

Part 8: Infiltration facilities

Part 9: Bioretention systems

iv © STANDARDS MALAYSIA 2012 - All rights reserved



Foreword (continued)

Part 10: Gross pollutant traps

Part 11: Water quality ponds and wetlands
Part 12: Erosion and sediment control
Part 13: Pavement drainage

Part 14: Drains and swales

Part 15: Pipe drains

Part 16: Engineered channels

Part 17: Bioengineered channels

Part 18: Culverts

Part 19: Gate and pump

Part 20: Hydraulic structures

MS 2526-1:2012

Compliance with a Malaysian Standard does not in itself confer immunity from legal

obligations.
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Introduction

Conventional ‘urban drainage’ engineering practice follows what is termed as ‘rapid disposal’
concept where stormwater is rapidly conveyed to the nearest waterway through a system of
lined drainage system. As urban areas rapidly grow throughout the country, this approach to
drainage not only creates more flash floods but also does not take into account the increasing
pollution being carried by stormwater as it flows through developing and developed areas.

The new approach, based on sustainable practices, addresses both quantity and quality
management of the stormwater. Quantity is managed through a system of detention and
storages which aims to reduce the peak discharges arising from new and redevelopments to
that of pre development. Quality control is managed through a system of treatment facilities
for sediments and dissolved pollutants as well as floatables.

This part of the series of standards addresses basic criteria needed for all design of the entire
stormwater management facilities.

Vi © STANDARDS MALAYSIA 2012 - All rights reserved
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Urban stormwater management -
Part 1: Design acceptance criteria

1 Scope

This Malaysian Standard specifies design acceptance criteria for all the prescribed
stormwater management facilities. The design criteria specified for quantity control covers
protection levels to be provided to various urban landuses and the limits allowable in
stormwater flows. Design criteria for quality control specifies temporary facilities needed for
control of pollutants (especially sediment) during construction and permanent facilities for
control after construction. It does not detail out specific criteria for design of specific facility
types which are associated with stormwater quantity or quality management. These specific

design criteria are provided in Parts (4 to 20) of the series of urban stormwater management
standards.

2 Normative references

The following normative references are indispensable for the application of this standard. For
dated references, only the edition cited applies. For undated references, the latest edition of
the normative reference (including any amendments) applies:

MS 2526-3, Urban stormwater management - Part 3: Quality design fundamentals

MS 2526-4', Urban stormwater management - Part 4: Roof and property drainage

MS 2526-5', Urban stormwater management - Part 5: On-site detention

MS 2526-7", Urban stormwater management - Part 7: Detention ponds

MS 2526-8', Urban stormwater management - Part 8: Infiltration facilities

MS 2526-9', Urban stormwater management - Part 9: Bioretention systems

MS 2526-10", Urban stormwater management - Part 10: Gross pollutant traps

MS 2526-11", Urban stormwater management - Part 11: Water quality ponds and wetlands
MS 2526-12', Urban stormwater management - Part 12: Erosion and sediment control

MS 2526-13', Urban stormwater management - Part 13: Pavement drainage

MS 2526-14", Urban stormwater management - Part 14: Drains and swales

MS 2526-15", Urban stormwater management - Part 15: Pipe drains

MS 2526-16', Urban stormwater management - Part 16: Engineered channels

MS 2526-17", Urban stormwater management - Part 17: Bioengineered channels

' To be published.
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3 Terms and definitions
For the purposes of this standard, the following terms and definitions apply.
3.1 Average Recurrence Interval (ARI)

The average length of time between storm events that have the same magnitude or volume
and duration.

3.2 Best Management Practice (BMP)

A structure or practice designed in stormwater management to prevent the discharge of one
or more pollutants to the land surface thus minimising the chance of wash-off by stormwater.
It can also be referred to a structure or practice to temporarily store or treat urban stormwater
runoff to reduce flooding, remove pollutants, and provide other amenities.

3.3 Dbioretention

Use of vegetation in retention areas designed to allow infiltration of runoff into the ground.

3.4 detention pond

A stormwater BMP designed to protect against flooding and, in some cases, downstream
erosion by storing water for a limited period of a time.

3.5 drainage reserve

Land area surrendered to or kept for local authority jurisdiction for the purpose of maintaining
drainage facilities.

3.6 engineered waterway

Drainage conveyances designed to closely resemble natural stream channels like having
grassed and vegetative linings, which minimise adverse environmental impact on receiving
rivers.

3.7 filtration devices

Devices used to filter and remove pollutants, mainly particulate material either through
biofiltration or media filtration.

3.8 Gross Pollutant Trap (GPT)

Devices used to intercept gross litter, hydrocarbons and coarse solids.

3.9 infiltration

Process or rate at which water percolates from the land surface into the ground. Infiltration is

also a general category of BMP designed to collect runoff and allow it to flow through the
ground for treatment.
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3.10 infiltration devices

Devices used to store stormwater and promote infiltration into the soil. Infiltration devices can
take a number of structural forms including pits, trenches, or basins.

3.11 land grading
Cutting and/or filling of the land surface to a desired slope or elevation.
3.12 lot redevelopment

Redevelopment of single or multiple adjacent lots where all of the stormwater system will be
privately owned.

3.13 minor system

Drainage system intended to collect and convey runoff from relatively frequent storm events
to minimise inconvenience and nuisance flooding.

3.14 major system

Drainage system intended to safely convey runoff major storm which is not collected by the
minor drainage system to waterways or rivers designed to give protection from the
consequences of large, reasonably rare events, which could cause severe flood damage,
injury and even loss of life.

NOTE. The major or minor system does not refer to the size of the drains.

3.15 new development

Conversion of natural or rural areas into residential, commercial, industrial and/or
infrastructure development.

3.16 Non-Point Sources (NPS) pollution

Pollution that is contributed from numerous small sources as opposed to a single point source
typically any source of pollution caused by sediment, nutrients, organic and toxic substances
originating from land-use activities and/or from the atmosphere which are carried by runoff.
3.17 peak discharge

The maximum runoff discharge rate occurring during a storm event.

3.18 permanent BMP

BMP left in-place after the earthworks phase of construction to fulfil its original function or a

new function, e.g. a sediment retention pond serving as a stormwater quantity detention pond
after construction is completed.

© STANDARDS MALAYSIA 2012 - All rights reserved 3
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3.19 pollution reduction target
Decrease in pollution load that needs to be captured by BMP.
3.20 point source

Any discernible, confined or discrete conveyance not limited to pipes, channels or conduits
from which pollutants may be discharged.

3.21 ponding depth
Depth of stormwater level accumulated at a certain location.
3.22 post development peak flow

Peak discharge calculated at the final outlet of the proposed development area with all
impervious areas of the development accounted for.

3.23 pre-development peak flow

Peak discharge calculated at the final outlet of the proposed development area in land-use
condition before development.

3.24 redevelopment
Reconstruction of an existing residential, commercial, industrial or infrastructure area.
3.25 retention pond

A stormwater retention impoundment created by either constructing an embankment or
excavating a pit which retains a permanent pool of water used for water quality improvement.

3.26 runoff

Water from rainfall that flows across the ground surface instead of infiltrating the ground.

3.27 site clearing

Removal of vegetation at an area for construction purposes.

3.28 stormwater

Water resulting from runoff from a storm event. During a rainfall event some water remains on
the surface or is held in the soil or underground aquifer as groundwater, a portion of the water
is used directly by plants and the remainder flows over the surface. This overland flow called
stormwater. It usually moves as overland (sheet) flow or channel (concentrated) flow.

3.29 stormwater management

The process of controlling the quality and quantity of stormwater to protect the downstream
environment.

4 © STANDARDS MALAYSIA 2012 - All rights reserved
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3.30 sub-division redevelopment

Redevelopment where all or part of the stormwater system will be handed over to a
government authority and becomes part of the municipal drainage system.

3.31 surface flow criteria

Limits on post-development peak discharge, velocity, depth or spread of ponding of
stormwater that needs to be complied with.

3.32 swale

Natural or human-made open depression or wide, shallow ditch that intermittently contains or
conveys runoff.

NOTE. Swale can be used as a BMP to detain and filter runoff.

3.33 temporary BMP

BMP put in-place during construction phase only.

3.34 Total Suspended Solids (TSS)

Total amount of soils particulate matter which is suspended in the water column.
3.35 treatment train

A series of BMP or natural features, each designated to treat a different constituent,
component, or aspect of runoff, implemented together to maximise pollutant removal
effectiveness.

3.36 Water Quality Volume (WQV)

Storage needed to capture and treat 90 % of the average annual stormwater runoff volume.

4 Principles

Along with the increase in water quantity, urbanisation results in the increase in non-point
pollutants from various municipal landuses and activities which can all end up in receiving
waters. Their damaging effects are not always immediately apparent.

Stormwater Management (SWM) is the mechanism for controlling stormwater runoff for the
purposes of minimising the catchment flow rates, runoff volumes, frequency of flooding and
degradation of surface water quality through implementation of construction erosion and
sediment control, quantity control and treatment best management practices (BMP) to
diminish the effects of landuse changes. In response to the change, systems consisting of
curb, gutter, drain and lined channels are developed to safely convey the runoff through the
catchment. Although such effects from a small individual site may seem inconsequential the
collective effects of numerous sites throughout the catchment can have substantial impact on
the environment, especially in a catchment’s lower reaches.

© STANDARDS MALAYSIA 2012 - All rights reserved 5
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41 Stormwater system

Stormwater systems are divided into two categories: major and minor. The minor system
consists of swales, gutters, pipes, on-site detention, bioretention and the various types of
inlets and BMPs that collect, store, treat and convey runoff to a discharge area or
impoundment. Components in the minor quantity system are sized to manage runoff
generated by the more frequent short-duration storm events. The major system includes
natural streams, channels, ponds, lakes, wetlands, large pipes and culverts (see Figure 1).
Design criteria for the major quantity system are typically based on significant amounts of
rainfall produced by the less frequent long-duration storms. BMPs, all sizes, are designed
based on the same selected rainfall but from much more frequent storms.

On-site
Detention

Detention or
BMP Pond

—— Controlled

 Levee ™\ -
. Release Rate

i . e -~ - i

Receiving . /
Water ———

Figure 1. Typical urban drainage system
(Source: Adapted from Kibler, 1982)

4.2 Design goal and basis

The goal of this standard is to provide various design concepts, criteria and procedures that
serve as the foundation for developing stormwater management facilities. They should set
limits on development; provide guidance and methods of design; provide details of key
components of drainage and control systems; and ensure longevity, safety, aesthetics and
maintainability of the system.
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The design acceptance criteria are mandatory requirements for the planning and design of
new and/or upgrading of existing stormwater management systems in urban areas. The
criteria provided in this standard apply to all urban stormwater systems, while subsequent part
in this series of standards give more detailed requirements for designing individual system
components, quantity and quality facilities. The criteria are set based on the type of land-use,
level of protection required, economy, risks of failure, public safety, ecology, aesthetics, etc.
The most common criteria used in the facility design is the Average Recurrence Interval
(ARI), which is set based on whole life economy of the facility, the level of protection required
and the hazard potentials to the downstream areas.

5 Quantity design criteria

Design storm ARI to be adopted for the planning and design of minor and major storm runoff
quantity systems shall be in accordance with Table 1.

Table 1. Design storm ARI adoption

Minimum ARI

Type of development (year)
(see Note 1) (see Note 2)

Minor system? Major system?®
Residential:
a) bungalow and semi-detached dwellings 5 50
b) link house/apartment 10 100
Commercial and business center 10 100
Industry 10 100
Sport field, park and agricultural land 2 20
Infrastructure/utility 5 100
Institutional building/complex 10 100

For mixed developments, the highest of the applicable storm ARIs from Table 1 shall be adopted.

In the case where designing to the higher ARI would be impractical, the selection of appropriate ARI should be
adjusted to optimise the cost to benefit ratio or social factors. |If justified, a lower ARl may be adopted for the
major system, with consultation and approval from the Department of Irrigation and Drainage Malaysia. Even if
the stormwater system for the existing developed condition is designed for a lower ARI storm, sufficient land
should be reserved for higher ARI flow rates so that the system can be upgraded when the area is built up in the
future.

# All development projects shall be protected from both minor and major floods and, therefore, shall have
combination of minor and major systems. Habitable floor levels of the buildings (platform levels) shall be set
above the 100 years ARI flood level based on the most recent data available. The drainage submission shall
show the minor and major system components in their plans.

© STANDARDS MALAYSIA 2012 - All rights reserved 7
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A higher standard is set for the minor system in large commercial, business and industrial
areas because of the greater potential for damage and disruption in a flood that exceeds the
minor system capacity. At minimum, habitable and human occupied floor levels of buildings
shall be above the 100 years ARI flood level.

5.1 Peak discharge control

The level of runoff quantity control required is dependent on the type of development
proposed, new development or redevelopment. Flow control requirements shall be stipulated
as the following:

Runoff quantity control requirement for any size of development or re-development project is
“Post development peak flow of any ARI at the project outlet shall be less than or equal to the
pre-development peak flow of the corresponding ARl (Q,0 < O,re)”

The relevant regulatory authority shall decide the magnitude of the ARI and allowable
discharge limit of the area depending on the existing receiving conveyance capacity, potential
risk and vulnerability of the downstream resources and sensitivity of the catchment
concerned.

5.1.1 New development

The above peak discharge control criteria shall apply for both the minor and major system
design storm ARI. Pre-development peak flow shall be the estimated flow from the site based
on known or estimated catchment conditions prior to the new development.

5.1.2 Redevelopment

The degree of runoff control required depends on the scale of the redevelopment and the net
increase in impervious area.

Flow control shall be required for any redevelopment under the following conditions:

a) the density of the redevelopment, measured as the total equivalent impervious area of
the redevelopment, is greater than that of the existing development; and/or

b)  the capacity of the existing stormwater system does not meet the design storm ARI
given in Table 1.

5.1.2.1 Individual lot

The post-redevelopment peak flow rate from a lot redevelopment shall not exceed the pre-
redevelopment rate for the minor system design storm. This will generally require the
provision of On-site Stormwater Detention (OSD) if the equivalent impervious area is
increased.

5.1.2.2 Subdivision

Post-redevelopment peak flows from the outlet point(s) of the redevelopment area to the
existing downstream public conveyance system or receiving water shall not exceed the
existing development flows for both the minor and major system design storm ARI. Existing
development peak flow (the pre-redevelopment flow) shall be the estimated flow from the site
based on the developed catchment conditions prior to redevelopment.

8 © STANDARDS MALAYSIA 2012 - All rights reserved
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The minimum responsibility of the developer shall be to ensure that the redevelopment does
not create or worsen any capacity problems in the existing public drainage system up to the
major system ARI, or higher in potentially hazardous situations. This will require the
construction of detention ponds, either on its own or in conjunction with on-site detention.

5.2 Storage facilities

Storage facilities are the core elements of achieving the stormwater quantity control criteria
that the post-development peak discharge shall not be more than the pre-development peak
discharge. This shall be achieved with proper location and sizing of the storage facilities.

The recommended storage facilities are on-site detention (OSD) and detention pond.
Depending on land availability, these facilities may be located on-line or off-line to the
conveyance system. Design of such quantity control facilities shall be in accordance with the
criteria given in Part 5: On-site detention and Part 7: Detention ponds of these series of
standards.

5.3 Conveyance facilities

Stormwater conveyance systems shall be planned and designed to provide acceptable levels
of safety for the general public and flood protection for private and public property. Design of
conveyance facilities shall be in accordance with the criteria given in the respective parts of
this series of standards, i.e. Part 4: Roof and property drainage, Part 13: Pavement Drainage,
Part 14: Drains and swales, Part 15: Pipe drains, Part 16: Engineered channels and Part 17:
Bioengineered channels.

5.4 Surface flow criteria
A range of surface flow criteria shall be applied to minimise both nuisance flooding and major
hazards from flooding of roadways, buildings, and other areas, that have regular public

access. The criteria apply to both major and minor flows.

The surface flow criteria to be adopted for conveyance design (for minor and major systems)
shall be as shown in Table 2.

Table 2. Surface flow criteria

Criteria Recommended limit
Overlgnd flow vqucﬂy x depth for vehicle <05m%s
stability and pedestrian areas
Flow width for street gutters 2m to 2.5 m or a half-lane
Flow velocity:
a) soft lined waterways and overland flow paths <2.0m/s
b) hard lined channels <4.0m/s
Ponding depth < 0.20 m in unfenced areas
< 1.2 min fenced areas

© STANDARDS MALAYSIA 2012 - All rights reserved 9
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6 Quality design criteria

The pollution from stormwater is termed as Non-Point Source (NPS) due to its diffusive nature
of generation from varied land-uses. Various types of BMP can be used to reduce the
environmental impact due to NPS pollutants from development and re-development projects.

Stormwater quality control facilities, temporary or permanent best management practices
(BMP), shall be planned and designed for all types of developments, in accordance with the
criteria in Table 3. Design criteria for temporary BMPs shall be as given in Part 12
Erosion and sediment control while that for permanent BMPs shall be as given in Part 3:
Quality design fundamentals.

Table 3. Quality control design criteria

Variables Criteria

Water quality volume Temporary BMP: 50mm of rainfall applied to
catchments draining to the BMPs.

Permanent BMP: 40mm of rainfall applied to
catchments draining to the BMPs.

Primary outlet sizing Based on the peak flow calculated from the 3
months ARI event.

Secondary outlet (Spillway) sizing As per the ARI recommended in the respective
chapters of the individual BMPs.

6.1 Pollution Control

The target for minimum retention (new development) or for reduction in annual pollutant loads
(redevelopment) shall be in accordance with Table 4.

The form of the minimum criteria in Table 4 is different for new development and for
redevelopment. For new development, minimum overall percentage removal efficiency is
specified. For redevelopment or drainage system upgrading, the criteria is set in terms of a
reduction in average annual pollutant load compared to the load under existing conditions.

Table 4. Post-development annual pollutant reduction targets

Pollutant Reduction target

(%)

Floatables/Litters 90

Total Suspended Solids (TSS) 80

Total Nitrogen (TN) 50

Total Phosphorus (TP) 50

NOTE. Relevant regulatory authorities may set higher (stringent)

targets depending on the sensitivity and level of pollution in the

surrounding areas.
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6.2 Temporary control BMPs

The main purpose of temporary BMP for erosion and sediment control is to minimise erosion
and delivery of away from the construction site resulting from land-disturbing activities. The
BMP shall be provided on all such activities for land development projects of all sizes.The
BMP shall be maintained in good working order at all times until disturbed areas have been
permanently stabilised. Details on the design criteria for temporary control BMP shall be as
given in Part 12: Erosion and sediment control in this series of standards.

6.3 Permanent BMP facilities

Ecologically-based stormwater management and planning aims to protect receiving waters
from pollutant exports from new development. Ideally the determination of acceptable
pollutant limits on receiving water is based on the magnitude of overall catchment exports and
the contribution of each land-use to the total load. Reductions in annual pollutant loads are
then worked out to achieve the water quality objectives that are linked to the environmental
values. Design criteria for permanent control BMPs shall be as detailed out in Part 8:
Infiltration facilities, Part 9: Bioretention systems, Part 10: Gross pollutant traps, Part 11:
Water quality ponds and wetlands and Part 14: Drains and swales in these series of
standards.

6.3.1 Treatment trains

Various types of pollutants are generated due to storm runoff. One type of BMP alone cannot
treat all NPS pollutants. Proper combinations of stormwater BMP usually provide best cost-
effective solutions. Such a combination, which provides a sequence of treatment through
various BMP, is called a treatment train. Typically, the NPS pollution control plan would set
performance requirements for the BMP which are part of the treatment train. However, if no
plan is available, the designer shall still investigate options for providing treatment trains in
order to achieve the project objectives.

In most cases, the components of a treatment train are intended to treat different pollutants.
An example is a GPT to treat coarse sediment and litter, combined with a wet pond to treat
fine sediment and dissolved nutrients. In this case, each device may be sized according to its
own sizing guidelines ignoring any pollutant removal provided by the other device.

Treatment trains shall be provided in all new development, redevelopment, or stormwater
system upgrading. Each component may be designed for a different annual pollutant retention
or reduction target. However, the overall annual pollutant reduction of the whole treatment
train shall fulfil the targets given in Table 4.

6.3.2 Housekeeping and education

Housekeeping measures are those measures that keep pollutants from being introduced to
the runoff. These includes covering chemical storage and handling areas, sweeping up
chemical spills, berming (bunding) chemical storage areas; mitigating the dumping of
household and yard trash into the drainage system. Education is included as a housekeeping
practice, although it is not actually a practice in itself.
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Many of these measures do however relate to and work in conjunction with source control
and treatment controls. Control of urban stormwater quality shall not rely only on end-of-drain
solutions. Improved housekeeping practices will be of great benefit by preventing pollutant
loads from entering the stormwater runoff. Therefore, housekeeping and community
education or non-structural source control BMP shall be implemented at all relevant levels of
land development process.

6.3.3 General BMP selection guidance

For large developments or where the expected impacts are particularly severe, regulatory
authorities should set standards in terms of annual pollutant removal targets. These targets
should ideally be based on ecological and other water quality indicators, for which site-
specific detailed environmental study may be required.

Although it is desirable to tie in the selection of treatment devices to predicted outcomes in
the receiving waterway, this is difficult to achieve in practice. Detailed design criteria on
pollutant removal from stormwater shall be as given in Part 3: Quality design fundamentals.

7 Unified design criteria
7.1 Natural drainage paths

Major systems shall be planned and designed to conform to natural drainage patterns and
discharge to natural drainage paths within a catchment. As much as possible, this also should
be done for minor system, which is often modified to conform to road and lot layouts.

In general, runoff from development sites within a catchment shall be discharged at the
existing natural drainage outlet or outlets. If the developer wishes to change discharge points
he shall demonstrate that the change will not have any adverse impacts on downstream
properties or stormwater systems.

Diverting runoff from other catchments or sub-catchments can cause adverse impacts on
downstream properties and stormwater systems due to greater runoff volumes than would
otherwise occur from the natural drainage catchment. Therefore, there shall be no diversion
of runoff to or from other catchments or sub-catchments.

7.2 Property drainage

If drainage is provided within a development, each lot to be serviced by a system (open or
pipe drain) shall have an individual stormwater service tie to provide for the connection of
drainage from buildings to the public stormwater conveyance system.

A public stormwater conveyance shall only be located within a lot where it is intended solely
for the purpose of providing drainage for the lot or adjacent lots. The conveyance shall be
located such that access can be readily achieved and restrictions imposed on the use of the
land due to the presence of the service are minimised.
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7.3 Drainage reserves

A drainage reserve shall be provided for stormwater conveyances located within private lots
to provide access for maintenance. As drainage reserves can restrict flexibility in locating
structures on a lot, conveyance system alignments which minimise the need for such
reserves shall be considered wherever possible.

To meet the intent of the major or minor stormwater drainage philosophy, only minor system
conveyances may be contained within drainage reserves in private lots. The major drainage
system shall be contained within separate drainage reserves located completely outside
private land.

7.4 Rights of other authorities

Where a stormwater conveyance is proposed to be located within close proximity to another
service, the designer shall ensure that the requirements of the authority responsible for that
service are met.

Where there is significant advantage in placing a stormwater conveyance on an alignment
reserved for another authority, it may be so placed provided that both the regulatory authority
responsible for maintenance of the stormwater conveyance and the other authority concerned
agree in writing to release the reservation.

7.5 Extireme events

Design of stormwater systems to pass or safely contain a runoff of a given ARI implies that an
overflow will occur during a larger event. There is also a risk that overflows will occur during a
smaller storm due to blockage of some drains, culverts or inlets. All hydraulic works sized by
a flood estimate are designed on a risk basis.

If failure of conveyance systems and/or major structures such as detention pond occurs
during an extreme storm event, the risk to life and property could be significantly increased. In
most urban stormwater drainage systems, the provision for a major storm will provide
adequate security. However in unusual situations, such as possible failure of levees and
detention basin outlets, the designer shall take into account such possible failures in a flood
larger than 100 years ARI.

8 Site development
8.1 Aesthetics and functionality

The stormwater drainage system shall be designed so that it enhances the appearance of the
area, and maximises its use by the community [Arthington A.H., Bunn S. and Caterall C.
(1993)]. without compromising the functionality of the drainage component or system.
However, functionality shall be given priority over aesthetics, to make sure that the objectives
of the component are met.
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8.2 Landscaping

Landscaping shall endeavour to enhance the aesthetics of a stormwater drainage area
without compromising the functionality of the stormwater drainage objectives. The stormwater
system design shall take into account and be part of the overall land development landscape
design.

The design shall consider the following:

a) allow for landscaping or future changes in landscaping to enhance the visual appeal of
the system;

b)  enhance open space links through development areas;

C) retain existing flora and fauna, as much as possible;

d) respect the functional use of the space; and

e)  form part of the landscape character of the surrounding neighbourhood.
8.3 Site clearing

Natural vegetation shall be retained wherever possible to minimise erosion within a site. This
will also reduce the requirement for erosion and sediment controls during construction.

8.4 Land grading

Wherever practical, the natural slope of the land within the development site shall be retained
to ensure development lots and roadways are free draining. Where possible development
sites with platform that result in poor runoff disposal primarily at hillside areas shall be
minimised. The conveyance system may then be excessively deep at the site outlet and
possibly below the tailwater level. Grade creation may be considered where existing
topography is naturally very flat.

8.5 Project layouts

Project layouts shall be planned in conjunction with drainage engineers and other
environmental professionals to avoid potential problems. Attention to the layout at this stage
can significantly reduce drainage costs. Issues to be considered include,

a) avoiding trapped low points;

b) providing suitable flow paths for the major design flood; and

C) providing suitable areas for stormwater quantity and quality control facilities.

For all lot developments layouts shall not result in the concentration and discharge of runoff

from upstream lots to adjacent downstream lots in sufficient quantity to cause nuisance
conditions.
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8.6 Hillside drainage

Planning and achieving sustainable development in hilly areas particularly needs attention to
drainage, flash flood control, erosion and sediment control, and slope stability management.
Proper drainage is the most important element in the correction or prevention of slope
instability on hillside developments. Proper drainage reduces soil moisture content and the
destabilising hydrostatic and seepage forces on a slope, as well as the risk of surface erosion
and piping. Poor site planning and design in a hillside development can result in large
quantities of rainwater to accumulate in the drainage system or infiltrate into the ground;
leading to destabilisation of slopes. Special drainage requirements may be stipulated as
additional requirements for development on hillside areas.

9 Design for maintenance

The design of a stormwater drainage system shall take into account the maintenance
requirements of the system after it has been constructed. The drainage system should include
facilities for ease of maintenance. Consequently, designers shall familiarise themselves with
the capacity and capabilities of the authority responsible for maintaining the stormwater
infrastructure in order to provide facilities that can be readily and economically maintained.

The purchase of special maintenance equipment and plant requires considerable lead-time by
the maintenance authority for approvals and funding. As a consequence, any design
incorporating the need for special or unusual equipment shall not be prepared without the
prior written approval of the maintenance authority. This approval also extends to the use of
special techniques and the hire of special equipment.

A stormwater drainage system shall also be designed such that maintenance activities can be
performed without the risk of inadvertent damage to the assets of other authorities. Other

authorities include those responsible for gas, electricity, telecommunications, water supply,
sewerage and other related services.

10 Health, safety and environment

Notwithstanding the various requirements above to ensure public safety, stormwater
managers and designers shall consider the need or otherwise to implement additional
measures to further protect public safety.

Typical measures to improve public safety include the following:

a) railings on crossings, headwalls, steep slope or other locations where the public could
fall into drains or waterbodies;

b)  grates over open drains and manholes;
C) limiting the depth of open drains and ponds;

d) gentle side slopes on engineered waterways and on the sides of ponds, wetlands and
lakes;
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e) maximum flow velocity criteria for engineered waterways;

f) maximum velocity-depth criteria for flow on or across roads; and

g) landgrading criteria for different stormwater structures.
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