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Disclaimer

The use of Urban Stormwater Management Manual for Malaysia (MSMA 2nd Edition) requires professional
interpretation and judgment. Appropriate design procedures and assessment must be applied to suit the
particular circumstances under consideration.

Every effort and care has been taken in selecting methods and recommendations that are appropriate to
Malaysian conditions. Notwithstanding these efforts, no warranty or guarantee, express, implied or statutory is
made as to the accuracy, reliability, suitability or results of the methods or recommendations.

The Government shall have no liability or responsibility to the user or any other person or entity with respect to
any liability, loss or damage caused or alleged to be caused, directly or indirectly, by the adoption and use of

the methods and recommendations in this Manual, including but not limited to, any interruption of service, loss
of business or anticipatory profits, or consequential damages resulting from the use of the Manual.
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Foreword

MSMA (Manual Saliran Mesra Alam), an abbreviation from Malay Language translation of Urban Stormwater
Management Manual, has been widely accepted term and since become trade mark in the stormwater industry
in Malaysia. The first edition of the Manual, published in 2000, has served as invaluable references for both
authority and private professionals. The version included the latest standards and practices, technologies, best
engineering practices that were generally based from foreign countries. The first edition was also quite
voluminous and relatively difficult for engineers and professionals to use. Recognising all these and after ten
(10) years time lapse, the Department decided that it is timely for the first edition be improved. This improved
version is called MSMA 2nd Edition.

The MSMA 2nd Edition is developed through contributions from the Government as well as private sectors and
foreign experts. The Manual has been simplified and updated to serve as a source of information and to provide
guidance pertaining to the latest stormwater best management practices (BMPs). This is one of the many
initiatives undertaken by the DID to further enhance its services parallel with ongoing transformations taking
place in Government Department and private sectors.

There are just too many to name and congratulate individually, all those involved in preparing this Manual.
Most of them are my fellow professionals who are well-respected within their fields. I wish to record my
sincere thanks and appreciation to all of them and I am confident that their contributions will be truly
appreciated by the users for many years to come.

Dato’ Ir. Hj. Ahmad Husaini bin Sulaiman

Director General
Department of Irrigation and Drainage Malaysia
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INTRODUCTION TO THE MANUAL

This Urban Stormwater Management Manual for Malaysia (MSMA 2nd Edition) is an improved version of the
MSMA 1st Edition that provides planning and design guidance to all those involved in the management of
stormwater.

Users are advised to read this section before start using the Manual. Chapters 1, 2 and 3 serve as the driver of
the Manual while the rest, Chapter 4 to 20, detail the necessary design methods and procedures on relevant
stormwater facilities. This edition is supplemented and ended with Annexures; on ecological plants and
maintenance.

Stormwater management design requires a multi-skills and multi-disciplinary approach and it should be
expected that some Chapters are interrelated. However, each Chapter is simplified, concised and complete in
the coverage of its own subject material.

1. GENERAL
1.1 Goal and Objectives

The goal of this Manual is to provide easy guidance to all regulators, planners and designers who are involved
in stormwater management implementation, which is often undertaken by a number of organisations. The
challenge is to ensure that the administration of the planning, design and maintenance of stormwater
management systems is consistent across the relevant Local, State and Federal Authorities and the professions
of urban development, environmental, water resources, civil engineering and landscape architecture.

Under this direction, stormwater management will have multiple green and hazards-free objectives within and
downstream of development area

o Ensure the safety of the public;

» Control nuisance flooding and provide for the safe passage of less frequent or larger flood events;

e Stabilise the landform and control erosion;

e Minimise the environmental impact of runoff; and

o Enhance the urban landscape and ecology.

1.2 Scope

This Manual covers most of the important aspects and requirements of stormwater management practices for
new and existing urban areas.

1.3 Required Knowledge

Engineers, architects, planners and others who are involved in applying the guidelines set out in this Manual
should have undertaken an appropriate course of study in their subject. For example, design engineers are
expected primarily to have undertaken a course in hydrology and hydraulics, within tertiary civil engineering
curriculum or equivalent experience, in order to apply the subject matter in the Manual.

14 Related Stormwater Management Documents

The related document “Design Guides for Erosion and Sediment Control in Malaysia (DID, 2010)” should be
considered when planning urban development and/or designing stormwater management infrastructure.

viii Urban Stormwater Management Manual for Malaysia
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2. ENHANCED DESIGN SKILLS

The Manual explains the design methods of each stormwater management control components in subsequent
chapters. Users should not limit themselves only to the material available within this Manual but also to have
initiatives in research to enhance their design and to continuously build up knowledge in this aspect which can
subsequently be added on to enhance their design skills. Users should explore maximum combinations of these
components as are practicable to meet their design objectives.

3. CONTENTS

The Chapters were prepared covering mainly administration, quantity control design, quality control design
and conveyance design. They are accompanied by Annexures on planting and maintenance. In each design
chapter, background information, analysis and simplified design procedures are presented. Where appropriate,
supporting basic theory and worked examples are also provided to assist the users.

3.1 Administration and Requirement

These early sections are the key that sets requirement and direction to enable users to start and finish the facility
design process of a stormwater facility project. Chapter 1 - Design Acceptance Criteria provides mainly design
Average Recurrence Intervals (ARIs) for both quantity control and conveyance system as well as prescribed
Water Quality Volume (WQV) for quality control system.

Before proceeding to subsequent design Chapters, design fundamentals for quantity and quality management
facilities are provided in Chapters 2 and 3, respectively. They present hydrologic, hydraulic and water quality
principles, methods and procedures that are inherent in the stormwater system design.

These three (3) Chapters 1, 2, and 3 are the pre-requisites to the rest of the chapters in the Manual.
3.2 Quantity Control System Design

Quantity control facilities covered in the Manual basically deal with control at premise level; Roof Drainage
(Chapter 4), On-site Detention (Chapter 5) and Rainwater Harvesting (Chapter 6) while at community level
using Detention Pond (Chapter 7). OSD, combined with rainwater tanks, would be preferred as they reduce
more runoff peak at small scale.

Detention pond is regarded as the most cost-efficient mean of reducing peak flood runoff. A step-by-step
procedure is detailed out in text and worked example involving pond routing, based on storage-indication
curve, in each Chapter 2 and 7.

3.3 Quality Control System Design

Quality control or best management practices (BMPs) design covered in the Manual are for permanent facilities;
Infiltration (Chapter 8), Bioretention (Chapter 9), Swales (Chapter 14), Gross Pollutant Traps (Chapter 10),
Water Quality Pond and Wetlands (Chapter 11) as well for construction Erosion and Sediment control (Chapter
12).

The main parameters of concern are sediment, total suspended sediment (TSS), total phosphorus (TP) and total
nitrogen (TN). TSS is known to have been the most important pollutant for treatment as it is more readily
settled out and removed. Attached with it in water column are some heavy metals and oil and grease.

34 Conveyance System Design
Design procedures for conveyance system, minor and major, are found in Chapter 13 (Pavement Drainage),

Chapter 14 (Drain and Swales), Chapter 15 (Pipe Drain), Chapter 16 (Engineered Channel), Chapter 17
(Bioengineered Channel), Chapter 18 (Culvert) and Chapter 19 (Gate and Pump). Chapter 20 contains various

Urban Stormwater Management Manual for Malaysia ix
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hydraulic structures as integral components of stormwater facilities. These facilities convey runoff from premise
level to receiving waters, lakes, rivers and seas, connecting both quantity and BMPs structures.

Swales are recommended in most areas while lined drain or pipe drain are suitable in highly urbanised zones.
Bioengineered systems deals more with visual and ecological objectives of development. Culvert, gate and
pump are common practices and their design procedures are found also in most hydraulic documents
elsewhere.

Design procedures for gate and pump are provided to guide users in solving stormwater disposal difficulties in
high tailwater boundaries normally experienced at lowland areas closed to rivers and shorelines.

3.5 Facility Planting, Maintenance and Care

Each stormwater facility shall involve planting to enhance its ecological, environmental and visual quality
purposes. Annexure 1 provide lists and guidance of various ecological plants, obtained locally, for possible
application at various sites, primarily Detention Pond (Chapter 7), Infiltration (Chapter 8), Bioretention
(Chapter 9), Swales (Chapter 14), Water Quality Pond and Wetlands (Chapter 11) and Bioengineered Stream
(Chapter 17).

Annexure 2 independently provides the required inspection, maintenance and caring procedures for most of
the stormwater facilities found in the Manual.

X Urban Stormwater Management Manual for Malaysia
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11 INTRODUCTION

Along with the increase in water quantity, urbanization 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
minimizing 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 (BMPs) 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.

1.1.1  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 (Figure 1.1). 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 storm but from much more frequent
events.
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Figure 1.1: Typical Urban Drainage System (Adapted from Kibler, 1982)
11.2  Design Goal and Basis

The goal of this Manual is to provide the 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.

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.

Design Acceptance Criteria 1-1
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The criteria provided in this Chapter apply to all urban stormwater systems, while subsequent Chapters in the
Manual give more detailed requirements for designing individual system components, quantity and quality
facilities. The criteria are set based on the type of landuse, level of protection required, economy, risks of failure,
public safety, ecology, aesthetics, etc. One of 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.

1.2 STORMWATER QUANTITY DESIGN CRITERIA

The minor and major systems are closely interrelated, and the design of each component must be done in
conjunction with the overall stormwater management standards set by the authorities (Knox County, 2008).

Design storm ARIs to be adopted for the planning and design of minor and major storm runoff quantity
systems shall be in accordance with Table 1.1. The storm runoff quantity design fundamentals are given in

Chapter 2 of this Manual.

Table 1.1: Quantity Design Storm ARIs

Minimum ARI (year)
Type of Development (See Note 2)
(See Note 1) Minor System Major System
(See Note 3) (See Note 3)

Residential

Bungalow and semi-detached 5 50

dwellings

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

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

2. 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 ARI might be adopted for the major system, with
consultation and approval from the Department of Irrigation and Drainage (DID).
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.

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

The minor system is intended to collect, control and convey runoff from buildings, infrastructures and utilities in
relatively frequent storm events (up to 10 year ARI) to minimise inconvenience and nuisance flooding. During
any event larger than the minor storm ARI, the higher runoff will overspill the minor drainage components.

The major system is intended to safely convey and control runoff collected by the minor drainage system
together with its possible overspill to the larger downstream systems and water bodies. The major system must
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protect the community from the consequences of large and reasonably rare storm events (generally up to 100
year ARI), which could cause severe property damage, injury or loss of life.

The main reason for adopting a higher standard for the minor system in large commercial, business and
industrial areas is because of the much greater potential for damage and disruption in a flood, that exceeds the
minor system capacity. At a minimum, habitable and human occupied floor levels of buildings shall be above
the 100 year ARI flood level.

Restrictions on development of flood-liable land shall generally apply to land affected by flooding from
stormwater drains, as well land affected by river flooding. However, it is recognised that the duration of
stormwater flooding is shorter and therefore some short-duration disruptions (such as to road traffic) can be
accepted, unless the loss due to traffic congestion is very high.

121  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 are stipulated as the following:

Runoff quantity control requirements for any size of development or re-development
project is “Post development peak flow of any ARI at the project outlet must be less than
or equal to the pre-development peak flow of the corresponding ARI (Qpost < Qpre)”.

The relevant local regulatory authority will 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 concern.

1.21.1 New Development

New development is defined as the conversion of natural or rural areas into urban, industrial infrastructure
and/or utility development.

For new development proposals, the post-development peak flow from the outlet point(s) of the site to the
downstream drainage system or receiving waters shall not exceed the corresponding ARI pre-development
flow for both the minor and major system design storm ARIs. Pre-development peak flow shall be the estimated
flow from the site based on known or estimated catchment conditions prior to the new development.

1.2.1.2 Redevelopment

Redevelopment is defined as the renewal and reconstruction of an existing residential, commercial, industrial or
infrastructure areas. The degree of runoff control required will depend on the scale of the development and
primarily the net increase in impervious area.

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

e 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

e The capacity of the existing stormwater system does not meet the design storm ARIs given in
Table 1.Error! Bookmark not defined..

(a)  Individual Lot

Lot redevelopment is defined as redevelopment of single or multiple adjacent lots where all of the stormwater
systems are privately owned.
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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 control if the

equivalent impervious area is increased.
(b)  Subdivision

Subdivision redevelopment is defined as redevelopment where all or part of the stormwater system will be
handed over to a government authority and become part of the municipal drainage system.

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 ARIs. 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.

The minimum responsibility of the developer is 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 pond, either on its own or in conjunction
with on-site detention.

Notwithstanding the above, it may be advantageous in some areas (where upgrading of the existing municipal
stormwater system is physically or economically impractical) for the developer to provide additional flow
control.

1.2.2  Storage Facilities

Storage facilities are the core elements of achieving one of the major stormwater quantity control criteria which
is the post-development peak discharge cannot be more than the pre-development peak discharge. Its
achievable with proper locating and sizing of the storage facilities.

The recommended storage facilities are on-site detention (OSD) and detention pond. Depending on the land
availability, these facilities can be located on-line or off-line to the conveyance system. Design of quantity
control facilities should be done following the procedures given in Chapter 5 and 7.

1.2.2.1 On-site Detention

OSD may be provided as above-ground, below-ground, or a combination of both within a property boundary.
The above-ground storages (basically as tanks) can be located at roof top, lawns, gardens, car park, driveway,
etc. The below-ground storages are from tanks and pipe packages. For combined facilites, a proportion of the
total storage is provided as below-ground, whilst the remainder of the storage is provided as above-ground.

Storage tanks to be used for OSD should be structurally sound and be constructed from durable materials that
are not subjected to deterioration by corrosion or aggressive soil conditions. Tanks shall be designed to
withstand the expected live and dead loads on the structure, including external and internal hydrostatic
loadings. Buoyancy shall also be checked, especially for lightweight tanks, to ensure that the tank will not lift
under high groundwater conditions.

To permit easy access to all parts of the storage for maintenance, the floor slope of the tank shall not be greater
than 10%. The slope shall also be not less than 2%, to enable good drainage of the tank floor. The design storm
for estimating the required storage volume shall be 10 year ARIL

1.2.2.2 Detention Pond

Detention pond is the most important component for stormwater quantity control. A detention pond can be
dry or wet type. To meet the flow control objectives of a detention pond, it is necessary to consider the
behaviour of the storage by examining the degree of reduction of flows from the catchment, water depth in the
pond, pond empty time, etc.
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The pond primary outlets can be designed as multi level riser to synchronise the flow from minor and major
storms. Secondary outlets for all detention ponds shall be designed to safely pass a minimum design storm of
100 year ARI. The side slope of pond is recommended flatter than 1(V):6(H). Areas with slopes steeper than
1(V):4(H) may require a fence or rail for safety reason. Special attention should be paid to the outlets, to ensure
that people are not drawn into them. Rails, fences, crib-walls, anti-vortex devices, and grates should be
provided where necessary.

Provision should be provided in a dry detention pond to bypass small flows through or around the pond using
low flow channel or pipe. This is necessary to ensure that the pond floor, particularly if it is grassed, is not
inundated by small storms or continually wetted by dry weather baseflow. The minimum amount of bypass
flow should be one half (1/2) the 1 month ARI flow.

1.2.3  Conveyance Facilities

Stormwater conveyance systems shall be planned, analysed, and designed in order to provide acceptable levels
of safety for the general public and protection for private and public property. Design procedures of the
respective conveyance facilities are given in Chapter 4 and Chapter 13 to 19.

1.2.3.1 Surface Flow Criteria

A range of surface flow criteria must be applied to minimise both nuisance runoff flow and hazards from runoff
flooding of infrastructures, buildings, utilities and other areas that have regular public and vehicular access.

The criteria apply to both major and minor systems.

The surface flow criteria to be adopted for conveyance design are provided in Table 1.Error! Bookmark not
defined..

Table 1.2: Surface Flow Criteria

Criteria Recommended Limit

Overland flow velocity x depth <05m?/s
for vehicle stability and
pedestrian areas

Flow width for street gutters 2 t0 2.5 m or a half-lane

Flow velocity

o soft lined waterways and <20m/s
overland flow paths
e hard lined channels <4.0m/s
Ponding depth < 0.20 m in unfenced areas

<1.2min fenced areas

1.2.3.2 Property Drainage

Property drainage refers to the systems which transfer runoff from roofs, paved areas and other surfaces to a
suitable outlet or disposal facility. The system involves gutters, downpipes, drains, pipes, swales and storage
and treatment facilities. It shall be the responsibility of the property owner to design infiltration or on-site
detention structures or facilities, to limit the amount of stormwater that can be drained to streets or trunk
drainage systems, in order to reduce flooding and pollution. Usually, 5 minute duration design rainfall of 20, 50
and 100 year ARIs shall be used for the sizing of property drainage components.
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1.2.3.3 Pavement Drainage

Effective pavement drainage is essential to the maintenance of road service level and to traffic safety. The
potential for hydroplaning at high speeds as well as the potential for vehicles to float or be washed off roads at
lower speeds shall be given due considerations in designing pavement drainage. Recommended minimum
values of roadway longitudinal slope shall be used for safe pavement drainage. Desirable gutter grades shall
not be less than 0.5 percent for curbed pavements with an absolute minimum of 0.3 percent. To provide
adequate drainage in sag vertical curves, a minimum slope of 0.3 percent shall be maintained within 15 metres
of the low point of the curve.

All roads in urban areas shall generally be provided with an integral curb and gutter. However, where the
volume of gutter flow is negligible as in car parks and on the high side of single-crossfall roads, a curb without
a gutter is acceptable. Inlet plays important role in pavement drainage. Inadequate inlet capacity or poor inlet
location may cause flooding on the roadway resulting in hazard to the travelling motorists.

1.2.3.4 Open Drain and Swale

Open drains are all drains other than pipe and box culverts used to convey runoff to its receiving waters. The
most common types of open drains used in stormwater management are vegetated swales, grassed channels,
concrete lined drains and composite drains. Determination of drainage types (earth/concrete/composite)
should be based on space availability, site suitability, environment conditions (aesthetic, conservation values,
etc.) and maintenance advantages and disadvantages. Each of the drains has its own design criteria that need to
be followed.

1.2.3.5 Pipe Drain

Pipe drains are very common in urban areas, where the land is limited. Pipes can be used in privately owned
property drains or open public spaces. A drainage reserve shall be wide enough to contain the service and
provide working space on each side of the service for future maintenance activities. Minimum clearances
between stormwater pipelines and other services, and other guidelines should be in accordance with the criteria
given in the relevant Chapter. Stormwater pipelines should be located on the high side of road reserves to
permit relatively short service tie connections to adjacent properties.

1.2.3.6 Engineered and Bio-engineered Waterways

The engineered waterways are generally constructed large open or composite channels. The design of
engineered channels should, wherever practicable, mimic the natural stream forms in the immediate region.
Various considerations should be planned for the successful management of aquatic, ephemeral and terrestrial
environments along the engineered waterways. The greater the Froude number, the higher is the effect of
tailwater on the jump. Therefore, for a Froude number as low as 8, the tailwater depth should be greater than
the sequent depth downstream of the jump so that the jump will stay on the apron. When the Froude number is
greater than 10, the common stilling basin dissipater may not be as cost-effective as a special bucket type
dissipater.

On the other hand, bioengineered waterways use the combination of biological, mechanical, and ecological
concepts to control erosion through the use of vegetation or a combination of vegetation and construction
materials. Various criteria are to be adopted, which are related to scour, attrition, slumping, undermining, etc.
The design of bioengineered channels involves the creation of channels with the attributes of natural
watercourses pertinent to the location within the catchment and should be based on a sound understanding of
fluvial geomorphic principles.

1.3 STORMWATER QUALITY DESIGN CRITERIA

The pollution from stormwater is termed as non-point source (NPS) due to its diffusive nature of generation
from varied landuses. Various types of BMPs can be used to reduce the environmental impact due to NPS
pollutants from development and re-development projects.
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Stormwater quality control facilities, temporary or permanent best management practices (BMPs), shall be
planned, analysed, and designed for all types of developments, in accordance with the criteria in Table 1.3.
Additional criteria, specifically related to the BMPs are described in the following sections. The quality design
principles for the temporary BMPs are given in Chapter 12 while the permanent BMPs in Chapter 3.

Table 1.3: Quality Control Design Criteria

Variables Criteria

Water Quality Volume Temporary BMPs - 50mm of rainfall applied to catchments
draining to the BMPs.
Permanent BMPs - 40mm of rainfall applied to catchments
draining to the BMPs.

Primary Outlet Sizing Based on the peak flow calculated from the 3 month ARI
event

Secondary Outlet (Spillway) Sizing | As per the ARIs recommended in the respective chapters
of the individual BMPs.

1.3.1 Pollution Control

The target for minimum retention (new development) or for reduction in annual pollutant loads
(redevelopment) for the four (4) common pollutants shall be in accordance with Table 1.4.

Table 1.4: Pollutant Reduction Targets

Pollutant Reduction Targets (%)
Floatables/ Litters 90
Total Suspended Solids (TSS) 80
Total Nitrogen (TN) 50
Total Phosphorus (TP) 50

Note: Relevant local regulatory authorities may set higher
(stringent) targets depending on the sensitivity and level
of pollution in the surrounding areas.

The form of the minimum criteria in Table 1.4 are different for new development, and for redevelopment. For
new development a minimum overall percentage removal efficiency is specified. For redevelopment or drainage
system upgrading, the criteria are set in terms of a reduction in average annual pollutant load compared with the
load under existing conditions.

1.3.2 Temporary BMPs Facilities

The main purpose of temporary BMPs, erosion, runoff and sediment control BMPs is to minimize erosion and
soil delivery away from the developing/construction site resulting from land clearing and grading or other
land-disturbing activities. The BMPs shall be provided on all land development and infrastructure projects of all
sizes, minor or major. The BMPs shall be maintained in good working order at all times until disturbed areas
have been permanently stabilised. Details on the design and preparation of temporary control BMPs are given
in Chapter 12.
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1.3.2.1 Erosion and Sediment Control Plan

The first step to minimize sediment accumulation from any site is to prepare an effective erosion and sediment
control plan (ESCP), providing details of construction activities and practices, timing and staging of works, and
the range of erosion and sediment BMPs practices and measures to be implemented. The next step would be to
implement the ESCP at the site to minimise the erosion.

Various criteria are to be followed in order to reduce the erosion of soils. For hilly areas (slopes greater than 12°
or 20%) terracing shall be built and maintained. Cover plants shall be established on the slopes of the platforms
and walls of the terrace immediately after commencement of earthworks. For the slopes greater than 35° or 70%
no works are allowed and should instead be maintained as natural.

1.3.2.2 Sediment Control Measures

Surface water collected from disturbed areas shall be routed through a sediment basin or sediment trap before
release from the site. Sediment retention facilities shall be installed prior to the clearing, grading or disturbance
of any contributing area.

Sediment basin shall be sized to retain a minimum of 90% of total suspended solid (TSS) for all storms that
produce rainfall up to 50mm, for all sites. Such condition will not be applicable, for the compliance purpose,
to any storm that produces event rainfall greater than 50mm.

1.3.3 Permanent BMPs Facilities

One of the aims of an ecologically-based stormwater management and planning approach is to identify the
sustainable pollutant exports from a site to protect the environmental values of the receiving water. Ideally the
identification of sustainable pollutant loads on a receiving water is based on the magnitude of overall catchment
exports, the contribution of each landuse to the overall levels of pollutant export and the reduction in overall
annual pollutant loads are required in order to achieve the water quality objectives that are linked to the
environmental values. Chapter 8, 9, 10, 11 and 14 provide relevant design procedures for the permanent control
BMPs.

1.3.3.1 Treatment Measures
The followings are requirements for source and treatment control BMPs facilities:
(c)  Infiltration

Infiltration facilities (sumps, trenches, porous pavements and basins) are designed to capture a volume of
stormwater runoff, retain it, and infiltrate all or part of that volume into the ground and the excess will
overflow to conveyance system. A properly designed and constructed infiltration system can sustain longer
from clogging

The limits of the maximum contributing catchment areas for infiltration sump, trench & porous pavement, and
basin are recommended as 500m?, 4 ha and 15 ha, respectively. Saturated soil infiltration rate of the proposed
infiltration facility site should have a minimum value of 13mm/hr. The base of all facilities should be located at
least 1.5m above the seasonal high ground water level and/or any impermeable layer. Other guidelines related
to the design of infiltration facilities are given in Chapter 8.

(b)  Bioretention System

Bioretention systems use infiltration and vegetation to remove pollutants from stormwater. Usually the systems
consist of excavated basins or trenches that are filled with porous media and planted with vegetation. If the
infiltration rate and nutrient content of the in-situ soil are suitable, it is not necessary to use imported soil.
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These systems should usually be used to capture and treat runoff from small catchments, limited to less than 1.0
ha of impervious area. Larger areas should be divided into smaller sub-areas with individual bioretention
systems. Specific design of a bioretention facility may vary considerably, depending on site constraints or
preferences of the designer or Community. However, pretreatment, treatment, conveyance, maintenance
reduction, and landscaping components should be incorporated into all bioretention systems. These design
features are given in Chapter 9 of this Manual.

(c)  Swales

Swales are wide but shallow channels designed to store and/or convey runoff at a non-erosive velocity, as well
as to enhance stormwater quality through infiltration, sedimentation and filtration. Swale can be located within
open space areas, parklands and along roadways. A swale should have the capacity to convey the peak flows
from the design storm without exceeding the maximum permissible velocity. If this is not practical or the space
is limited, designer should consider dividing the flow into surface and subsurface components where
underground pipeline or drainage blocks are to be provided as subsurface drains.

The longitudinal terrain slope should not exceed 2% as low runoff velocities are required for pollutant removal
and to prevent erosion. Side slope shall not be steeper than 2H:1V while side slope 4H:1V or flatter is
recommended for safety reason. Other criteria related to the design of swales are given in Chapter 14.

(d)  Gross Pollutant Traps

Gross pollutant traps (GPTs) remove litters, debris, coarse sediment and hydrocarbon from stormwater. GPTs
should be used as pre-treatment BMPs for detention pond, water quality pond and/or wetlands.

The GPTs shall be sized to retain 90% of gross pollutants with a minimum of 70% of coarse sediments and oil
droplet. The GPTs must be designed so as to prevent any additional overflows in the stormwater system in the
event of partial or complete blockage. Tidal influence and backwater effects must be considered. The pollutant
reduction performance must be maintained up to the design ARI discharge. If design flows are exceeded, the
GPTs shall not allow any significant remobilization of trapped material. Detail criteria related to the design of
the GPTs are given in Chapter 10.

(e)  Water Quality Pond and Wetlands

Water quality control ponds (wet ponds) or constructed wetlands must be protected from excessive sediment
loads by installing upstream GPTs. Water quality ponds and wetlands shall be sized to achieve the pollutant
capture above the permanent pool’s water surface as set out in Table 1.4 and to minimise the remobilization of
deposited pollutants. Ponds shall be fitted with spillways able to discharge at least the 100-year ARI flow.

The designer must be guided by the frequency of the storm events and their peak discharge rates when
determining the risk that high velocities will wash out the epiphytes and biofilms, which are very important for
the proper function of a wetlands. Velocities > 0.1 m/s may cause washout. Occasional washout (say 1 event
per year or less) may be acceptable provided that the epiphytes and biofilms can re-establish over time. Design
criteria related to the water quality pond and wetlands are given in Chapter 11.

1.3.3.2 Treatment Trains

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

Often, 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 water quality pond to treat fine sediment and dissolved
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nutrients. In this case, each device can be sized according to its own sizing guidelines and ignoring any
pollutant removal provided by the other device. The resulting design is likely to be conservative.

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 must fulfil the targets given in Table 1.4.

1.3.3.3 Housekeeping and Education

Housekeeping measures are those measures that keep out 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.

Many of these measures do, however, relate to and work in conjunction with source control and treatment
controls. Control of urban stormwater quality should not rely only on end-of-pipe 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 BMPs should be
implemented at all relevant levels of a municipality.

1.3.3.4 General BMPs Selection Guidance

For large developments or where the expected impacts are particularly severe, local 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 study might 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. In any case the required studies will take a long time to
complete. Most regulatory agencies throughout the world have adopted a similar approach. This Manual
provides guidance to developers in selecting, installing and operating suitable measures to achieve those
targets. Guidelines on the BMPs selection are given in Chapter 3.

1.4 UNIFIED DESIGN CRITERIA
1.41  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 should be discharged at the existing natural
drainage outlet or outlets. If the developer wishes to change discharge points he or she must 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, the diversion of runoff to or from other catchments or sub-catchments is not
permitted without authority approval.

1.4.2  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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1.4.3 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/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.

1.44  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 local regulatory authority responsible for maintenance of
the stormwater conveyance and the other authority concerned agree in writing to release the reservation.

14.5 Extreme 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. This risk must be balanced against
the probability of the extreme event. 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 pond outlets, the designer must consider the element of risk in a flood larger than 100 year ARIL.

15 SITE DEVELOPMENT
1.5.3  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 et al., 1993) without compromising the functionality of the
drainage component or system. However, the functionality must be given priority over the aesthetics, to make
sure that the objective of the component is met. Blending good aesthetics with the drainage component would
make the overall system easily acceptable to the community and people.

154 Landscaping

Landscaping is intended to ensure that a stormwater drainage system will enhance visual quality an area while
providing water quality improvement. The landscaping should increase the aesthetics of the surroundings
without compromising the functionality of the stormwater drainage objectives. The landscape design shall take
into account and be part of the overall stormwater system design.

The design shall consider the followings:

¢ Allow for landscaping or future changes in landscaping to enhance the visual appeal of the system;
¢ Enhance open space links through development areas;

¢ Retain existing flora and fauna, as much as possible;

¢ Respect the functional use of the space; and

e Form part of and be sympathetic with the landscape character of the surrounding neighbourhood.
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15,5 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.

1.5.6 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 minimise development sites with platform
that result in poor runoff disposal primarily at hillside areas. The conveyance system may then be excessively
deep at the site outlet and possibly below the tailwater level. The existing topography of some sites may
naturally be very flat that grade creation shall be considered.

1.5.7  Project Layouts

Project layouts must be planned in conjunction with drainage engineers, ecologists, environmentalists, etc. to
avoid potential problems. Attention to the layout at this stage can significantly reduce drainage costs. Issues to
consider include,

¢ Avoiding trapped low points;
e Providing suitable flow paths for the major design flood; and

¢ Providing suitable areas for stormwater quantity and quality control facilities.

For all kinds of lot developments it is important that layouts do not result in the concentration and discharge of
runoff from upstream lots to adjacent downstream lots in sufficient quantity to cause nuisance conditions.

1.5.8 Hillside Drainage

Planning and achieving sustainable development in hilly areas is particularly important in regard to drainage,
flash flood, erosion and sediment and slope stability management. Of all the techniques considered for the
correction or prevention of slope instability on hillside development, proper drainage is recognised as the most
important element. 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 area causes large quantities of rainwater collected in the drainage system and from direct
rainfall, to infiltrate into the ground. Design and construction of stormwater facilities in the hilly areas are to be
done with proper caution, failure of which may cause slope instability. Some special drainage requirements are
stipulated for a few types of development on hillside areas.

1.5.9 Lowland, Tidal and Small Island Drainage

Sustainable stormwater system design in low-lying and tidal areas involves a number of special considerations.
Some of the pertinent issues are the hydraulic effects of flat grades and high tailwater levels, tidal effects, storm
surge, flood effects in estuaries, greenhouse effect and the combined probabilities of different modes of
flooding. The saltwater intrusion and potential for groundwater depletion can also influence the stormwater
quality to which designers must take into considerations at planning stage. Development of land in these areas
may be environmentally sensitive and the proposals will need to comply with all applicable legislation and
regulations. These areas must be protected against storm and wave action and appropriate guidance can be
found in a number of specialized technical publications as such in Integrated Shoreline Protection Plan by DID
as well as in Chapter 46, MSMA 2000. Design guideline for gates and pumped system is given in Chapter 19.

1.6 DESIGN FOR MAINTENANCE

The design of a stormwater drainage system needs to 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 will need to familiarise themselves with the capacity and capabilities of the authority
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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 must 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.

1.7 HEALTH, SAFETY AND ENVIRONMENT

Many of the requirements for the planning and design of stormwater systems presented in this manual have
either directly or indirectly considered the need to protect public safety. Notwithstanding these requirements,
stormwater managers and designers must consider the need or otherwise to implement additional measures to
further protect public safety.

Typical measures to improve public safety include the followings:

¢ Railings on crossings, headwalls, steep slope or other locations where the public could fall into drains or
waterbodies;

o Grates over open drains and manholes;

e Limiting the depth of open drains and ponds;

¢ Gentle side slopes on engineered waterways and on the sides of ponds, wetlands and lakes;
e Maximum flow velocity criteria for engineered waterways;

e Maximum velocity-depth criteria for flow on or across roads; and

¢ Landgrading criteria for different storm water structures.
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21 INTRODUCTION

This chapter provides the fundamentals and appropriate methods required for designing stormwater quantity
facilities. They apply to primarily detention pond as well as conveyance. The design ARIs for various types of
facilities vary while the critical storm duration might be different due to differing facility operational concepts
and mechanisms.

2.2 RAINFALL ESTIMATION

Rainfall data and characteristics are the driving force behind all stormwater studies and designs. Adequacy and
significance of the rainfall design is a necessary pre-requisite for preparing satisfactory urban drainage and
stormwater management projects. The estimation involves frequency, duration and intensity analyses of rainfall
data.

221  Average Recurrence Interval

Rainfall and subsequent discharge estimate is based on the selected value of frequency or return period, termed
as the Average Recurrence Interval (ARI) which is used throughout this Manual. ARI is the average length of
time between rain events that exceeds the same magnitude, volume or duration (Chow, 1964), and is expressed
as:

1
T, =100 (2.1)

where,

T, = Average Recurrence Interval, ARI (year); and
P = Annual Exceedance Probability, AEP (%).

As an example, using Equation 2.1, 1% AEP of storm has an ARI of 100 years. According to the definition, a 100
year ARI storm can occur in any year with a probability of 1/100 or 0.01.

The design ARI of a stormwater facility is selected on the basis of economy and level of protection (risk) that the
facility offers. ARIs to be used for the design of minor and major stormwater quantity systems are provided in
Table 1.1. It is assumed that the design flow of a given ARI is produced by a design storm rainfall of the same
ARI. Design rainfall intensity (mm/hr) depends on duration (minute or hour) and ARI (month or year). It is
strongly recommended that performance of the designed drainage system must be examined for a range of
ARIs and storm durations to ensure that the system(s) will perform satisfactorily.

2.2.2 Time of Concentration

Time of concentration (t.) is the travel time of runoff flows from the most hydraulically remote point upstream
in the contributing catchment area to the point under consideration downstream. The concept of time of
concentration is important in all methods of peak flow estimation as it can be assumed that the rainfall
occurring during the time of concentration is directly related to peak flow rate. The practice is to select the
design storm duration as equal to or greater than the time of concentration (%)

In the design of stormwater drainage systems, t, is the sum of the overland flow time (t,) and the time of travel
in street gutters (f;), or roadside swales, drains, channels and small streams (t;). The relevant equations
necessary to calculate the f. is given in Table 2.1 (QUDM, 2007). Calculation of ¢, is subject to the catchment
properties, particularly length, slope and roughness of the drainage path. The overland flow time #, can be
estimated with proper judgment of the land surface condition due to the fact that the length of sheet flow is
short for steep slopes and long for mild slopes. This equation shall be applied only for distances (L)
recommended in Table 2.1. Catchment roughness, length and slope affect the flow velocity and subsequently
overland flow time #,. Typical values of Horton’s roughness n" for various land surfaces are given in Table 2.2
(QUDM, 2007). Alternatively, the overland flow time can easily be estimated using the Design Chart 2.A1.
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The drain flow time equation should be used to estimate f; for the remaining length of the flow paths
downstream. Care should be given to obtain the values of hydraulic radius and friction slope for use in the
drain flow time equation. Note that recommended minimum time of concentration for a catchment is 5 minutes
which applies to roof drainage.

Table 2.1: Equations to Estimate Time of Concentration (QUDM, 2007)

Travel Path Travel Time Remark
Overland Flow B 107n" .13 to Overland sheet flow travel time (minutes)
o gl/s L Overland sheet flow path length (m)
for Steep Slope (>10%), L <50 m
for Moderate Slope (<56%), L <100 m
for Mild Slope (<1%), L <200 m
n' Horton’s roughness value for the surface
(Table 2.2)
S Slope of overland surface (%)
Curb Gutter Flow P L tg Curb gutter flow time (minutes)
£ 40Vs L Length of curb gutter flow (m)
S Longitudinal slope of the curb gutter (%)
Drain Flow _ n.L n Manning’s roughness coefficient (Table 2.3)
47 60R?/351/2 R = Hydraulic radius (m)
S Friction slope (m/m)
L Length of reach (m)
ta Travel time in the drain (minutes)

Table 2.2: Values of Horton’s Roughness n* (QUDM, 2007)

Land Surface Horton’s Roughness n*
Paved 0.015
Bare Soil 0.0275
Poorly Grassed 0.035
Average Grassed 0.045
Densely Grassed 0.060

2.2.3  Design Rainfall Estimate
2.2.3.1 Intensity-Duration-Frequency Curves Development

The most common form of design rainfall data required for use in peak discharge estimation is from
relationship represented by the intensity-duration-frequency (IDF) curves. The IDF can be developed from the
historical rainfall data and they are available for most geographical areas in Malaysia.

Recognising that the rainfall data used to derive IDF are subjected to some interpolation and smoothing, it is
desirable to develop IDF curves directly from local raingauge records, if these records are sufficiently long and
reliable. The IDF development procedures involve the steps shown in Figure 2.1 while a typical developed
curves are shown in Figure 2.2.
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Table 2.3: Values of Manning’s Roughness Coefficient (1) for Open Drains and Pipes
(Chow, 1959; DID, 2000 and French, 1985)

Drain/Pipe Manning Roughness n
Grassed Drain
Short Grass Cover (< 150 mm) 0.035
Tall Grass Cover (= 150 mm) 0.050
Lined Drain
Concrete
Smooth Finish 0.015
Rough Finish 0.018
Stone Pitching
Dressed Stone in Mortar 0.017
Random Stones in Mortar or Rubble Masonry 0.035
Rock Riprap 0.030
Brickwork 0.020
Pipe Material
Vitrified Clay 0.012
Spun Precast Concrete 0.013
Fibre Reinforced Cement 0.013
upPvC 0.011

2.2.3.2 Empirical IDF Curves

Empirical equation can be used to minimise error in estimating the rainfall intensity values from the IDF curves.
It is expressed as

i= AT (2.2)
(d+0)"
where,
i = Average rainfall intensity (mm/hr);
T = Average recurrence interval - ARI (0.5 <T <12 month and 2 < T <100 year);
d = Storm duration (hours), 0.0833 <d <72; and

A «, 0 and n = Fitting constants dependent on the raingauge location (Table 2.B1 in Appendix 2.B).

The equation application is simple when analysis is prepared by spreadsheet. Alternatively designers can
manually use the IDF curves provided in Annexure 3.

224  Temporal Patterns

It is important to emphasise that the rainfall temporal patterns are intended for use in hydrograph generation
design storms. They should not be confused with the real rainfall data in historical storms, which is usually
required to calibrate and validate hydrological and hydraulic simulation results.

The standard time intervals recommended for urban stormwater modelling are listed in Table 2.4. The design
temporal patterns to be used for a set of durations are given in Appendix 2.C.
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Collect Monthly or Annual Maximum Rainfall Data of
Selected Durations from the Nearby Automatic Station(s)

Y

[ Test Data for Quality and Consistency (e.g. Mass Curve) }

Y
[ Fit the Raw Rainfall Data to Various Frequency Distributions }

(e.g. GEV, Log-Normal, Log-Pearson, etc.)

Y
[ Select the Most Suitable Frequency Distribution Method }

that fits the Data

Y

s 2
Calculate the Amounts of Rainfalls for Various Durations
L and Selected ARIs (2, 5, 10, 20, 50 and 100 year) )
|
- 2
Convert the Rainfall into Intensity and Plot Various Durations
in the Log-Log Graph for the Selected ARIs
- J
Figure 2.1: Typical Steps to Develop IDF Curves
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Figure 2.2: Typical IDF Curve
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If data available, it is recommended to derive the temporal patterns using the local data following the example
given in Appendix 2.D. For other durations, the temporal pattern for the nearest standard duration should be
adopted. Itis NOT correct to average the temporal patterns for different durations.

Table 2.4: Recommended Intervals for Design Rainfall Temporal Pattern

Storm Duration | Time Interval
(minutes) (minutes)
Less than 60 5
60 - 120 10
121 - 360 15
Greater than 360 30

Various methods can be used to develop design rainfall temporal pattern. However, it is most important to note
that design patterns are not derived from complete storms, but from intense bursts of recorded rainfall data for
the selected durations. The method described herein incorporates the average variability of recorded intense
rainfalls and also the most likely sequence of intensities. The highest rainfall bursts of selected design storm
durations are collected from the rainfall record. It is desirable to have a large number of samples. The duration
is then divided into a number of equal time intervals, as given in Table 2.4. The intervals for each rainfall burst
are ranked and the average rank is determined for the intervals having same rainfall amount. The percentage of
rainfall is determined for each rank for each rainfall burst, and the average percentage per rank is calculated.
This procedure is then repeated for other durations. The procedure involves the steps as shown in Figure 2.3.

23 PEAK DISCHARGE ESTIMATION

This Section presents the methods and procedures required for runoff estimation. The recommended methods
are the Rational Method and Hydrograph Methods. Each method has its own merits. A simple Rational
Hydrograph Method (RHM) is recommended for the design of small storage facilities.

231 Rational Method

The Rational Method is the most frequently used technique for runoff peak estimation in Malaysia and many
parts of the world. It gives satisfactory results for small drainage catchments and is expressed as:

C.i.A
Q= 260 (2.3)
where,
Q = Peak flow (m3/s);
C = Runoff coefficient (Table 2.5);
i = Average rainfall intensity (mm/hr); and
A = Drainage area (ha).

The primary attraction of the Rational Method has been its simplicity. However, now that computerised
procedures for hydrograph generation are readily available, making computation/design by computerised
method or software is also simple.

The most critical part of using the Rational Method is to make a good estimate of the runoff coefficient C. In
general, the values of C depend mainly on landuse of the catchment and is very close to its imperviousness (in
decimal form). The value of C also varies with soil type, soil moisture condition, rainfall intensity, etc. The user
should evaluate the actual catchment condition for a logical value of C to be used. For larger area with high
spatial variabilities in landuse and other parameters, this can easily be done by the use of AutoCAD, GIS or
other computer softwares.
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Select the required storm duration and find about
ten (10) dates when extreme rainfall events occurred

Y

[ Collect the rainfall amounts from the nearby automatic rainfall station }

for the required intervals (Table 2.4)

Y

Assign a rank for each interval based on the rainfall amount
(1 for the highest amount)
Y
[ Determine the percentage of rain occurred in each interval 1

Y

[ Calculate the mean ranks and percentages of rainfall for each interval }

|

Assign the mean percentages of rainfall for each interval
based on the new mean rank

|

Convert the percentage rainfall into fraction of total rainfall
and plot the temporal pattern

Y

Multiply the fractional values with the design rainfall amount (mm)
to get the distribution of rainfall in each time interval

Figure 2.3: Typical Steps for the Development of Design Rainfall Temporal Pattern

2.3.1.1 Runoff Coefficient for Mixed Development
Segments of different landuse within a sub-catchment can be combined to produce an average runoff coefficient

(Equation 2.4). For example, if a sub-catchment consists of segments with different landuse denoted by j = 1,
2. , m; the average runoff coefficient is estimated, C, by:

Crpe = (2.4)
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= Average runoff coefficient;

Runoff coefficient of segment i;

= Area of segment i (ha); and

Total number of segments.

Table 2.5: Recommended Runoff Coefficients for Various Landuses
(DID, 1980; Chow et al., 1988; QUDM, 2007 and Darwin Harbour, 2009)

Runoff Coefficient (C)
Landuse For Minor System | For Major System
(=10 year ARI) (> 10 year ARI)

Residential

Bungalow 0.65 0.70

Semi-detached Bungalow 0.70 0.75

Link and Terrace House 0.80 0.90

Flat and Apartment 0.80 0.85

Condominium 0.75 0.80
Commercial and Business Centres 0.90 0.95
Industrial 0.90 0.95
Sport Fields, Park and Agriculture 0.30 0.40
Open Spaces

Bare Soil (No Cover) 0.50 0.60

Grass Cover 0.40 0.50

Bush Cover 0.35 0.45

Forest Cover 0.30 0.40
Roads and Highways 0.95 0.95
Water Body (Pond)

Detention Pond (with outlet) 0.95 0.95

Retention Pond (no outlet) 0.00 0.00

Note: The runoff coefficients in this table are given as a guide for designers. The near-field
runoff coefficient for any single or mixed landuse should be determined based on

the imperviousness of the area.

2.3.1.2 Assumptions

Assumptions used in the Rational Method are as follows:

The peak flow occurs when the entire catchment is contributing to the flow;

o The rainfall intensity is the uniform over the entire catchment area; and

The Rational Method is not recommended for use where:

The rainfall intensity is uniform over a time duration equal to the time of concentration, ¢..

The catchment area is greater than 80 ha (TxDOT, 2009);

Ponding of stormwater in the catchment might affect peak discharge; and

The design and operation of large and more costly drainage facilities are to be undertaken, particularly if
they involve storage.

2.3.1.3 Calculation Steps

Steps for estimating a peak flow from a single sub-catchment for a particular ARI using the Rational Method are
outlined in Figure 2.4.
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select design ARI for drainage system

Select design ARI

Y

¢ divide sub-catchment into segments of

Discretise sub- homogeneous landuse or surface slope

catchment

Y

e estimate flow times for all other flow
components within the sub-catchment such as
curb gutters, pipe, and channels, etc.

concentration, .

Y

Determine average
rainfall intensity, i

e calculate i for design ARI and duration d equal
to the time of concentration, from IDF data for
area of interest

e estimate overland flow time
Estimate time of

Y

e estimate C values for each segment if there are
Estimate runoff coefficients different landuses

Y
[ Calculate average

use Equation 2.4

runoff coefficient

Y

Calculate peak flow rate

Q for the sub-catchment from Equation 2.3

} o calculate peak flow rate

Figure 2.4: General Procedure for Estimating Peak Flow Using the Rational Method (DID, 2000)

2.3.2 Rational Hydrograph Method

This procedure, Rational Hydrograph Method (RHM), extends the Rational Method to the development of
runoff hydrographs. For simplicity, this method is recommended for the deriving inflow hydrograph on-site
detention (OSD) and small detention pond. However, for complex drainage system and high risk areas, the
Time Area Method in Section 2.2.3 or computer models should be used for obtaining the inflow hydrograph.

As illustrated in Figure 2.5, two types of hydrographs are to be used for the sub-catchment using the RHM
procedure. Each hydrograph type is a function of the length of the rainfall averaging time, d, with respect to the
sub-catchment time of concentration, t..
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Type 1 (d is greater than t;): The resulting trapezoidal hydrograph has a uniform maximum discharge Q, as
determined from the Rational Method. The linear rising and falling limbs each has a duration of ..

Type 2 (d is equal to f,): The resulting triangular hydrograph has a peak discharge Q. The linear rising and
falling limbs each have a duration of .

Discharge
Discharge

Time Time

a) Type 1 (d>tc) b) Type 2 (d=t.)

Figure 2.5: Hydrograph Types of the RHM

In summary, hydrograph type in the RHM is determined by the relationship between rainfall duration and the
time of concentration of the sub-catchment. Given the hydrograph type, the peak discharge is determined using
the Rational Method (Equation 2.3).

2.3.3 Time Area Hydrograph Method
2.3.3.1 Concept

This method assumes that the outflow hydrograph for any storm is characterised by separable subcatchment
translation and storage effects. Pure translation of the direct runoff to the outlet via the drainage network is
described using the channel travel time, resulting in an outflow hydrograph that ignores storage effects.

To apply the method, the catchment is first divided into a number of isochrones or lines of equal travel time to
the outlet (Figure 2.6b). The areas between isochrones are then determined and plotted against the travel time as
shown in Figure 2.6c. Derivation of isochrones is crucial and is illustrated in a worked example in Appendix
2.E2. The translated inflow hydrograph ordinates g; (Figure 2.6d) for any selected design hyetograph can now
be determined. Each block of storm, Figure 2.6a, should be applied (after deducting losses) to the entire
catchment; the runoff from each sub-area reaches the outflow at lagged intervals defined by the time-area
histogram. The simultaneous arrival of the runoff from areas A;, A,...for storms I1, I>,...should be determined
by properly lagging and adding contributions, or generally expressed as:

qi=1;. Ag+1i A+ 1 A (2.5)
where,

gi = Flow hydrograph ordinates (m3/s);

I = Rainfall excess hyetograph ordinates (m/s);

4A; = Time-area histogram ordinates (m?); and

j = Number of isochrone contributing to the outlet.

As an example for j = 3, the runoff from storms I; on A3, I on A; and I3 on A;j arrive at the outlet simultaneously,
and g3 is the total flow. The inflow hydrograph (Figure 2.6d) at the outlet can be obtained using Equation 2.5.
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Figure 2.6: Time-Area Hydrograph Method

2.3.3.2 Rainfall Excess

Total Rainfall should be deducted by losses, initial or continuous, to calculate the rainfall excess (RE), which will
result in the surface runoff hydrograph. The rainfall losses can be assumed constant (for simplicity) or decaying
(to be more practical), as shown in Figure 2.7. The parameter values are given in Table 2.6.

Rainfall Excess

(RE)

Rainfall/Loss

e

/C

A7

Time

Figure 2.7: Initial and Continuous Loss Concept for Runoff Estimation

2-10

NOT FOR

uantity Design Fundamentals
SALE Q 4 &



NOT FOR SALE
MSMA 2nd Edition. 2012 | DID Malaysia

Table 2.6: Recommended Loss Values for Rainfall Excess Estimation (Chow et al., 1988)

Catchment Initial Loss Continuous Loss
Condition (mm) (mm/hr)
Impervious 1.5 0
Pervious 10 (i) Sandy Soil: 10 - 25 mm/hr
(if) Loam Soil: 3 - 10 mm/hr
(iif) Clay Soil: 0.5 - 3 mm/hr

234 Computer Software Application

Various types of simple and complex computer software (models) are available to simulate the runoff peak flow
or hydrograph. Prudent use of such softwares can provide more flexibility and opportunity to estimate the
runoff hydrograph and volume taking consideration of the variability in rainfall and catchment properties.
Wherever and whenever possible, designers should use computer softwares to design and analyse stormwater
management component or the whole system train, for more scenarios and reliability at reasonable cost.

Three types of computer methods might be considered, they are:

e Spreadsheets that can be used to implement all of the methods described in this chapter;
e Public domain softwares, such as SWMM-5, RORB and HEC-RAS; and
e Commercial softwares.

All runoff estimation methods will give different peak flow rates. The most practical way to minimise the
variations is by calibrating and validating against the recorded rainfall and runoff data.

24 OUTFLOW CONTROL

Orifices and weirs outlet are typically used as outlet control structures for ponds and their characteristics must
be specified when performing reservoir routing calculations. The relevant equations are given in the following
sections.

241  Orifices
For a single orifice as illustrated in Figure 2.8, orifice flow can be determined using Equation 2.6.
Q=C, A, (2gH,) 05 (2.6)

where,
Q = Orifice flow rate (m3/s);

C, = Discharge coefficient (0.60);

A, = X-sectional area of orifice (m?);

H, = Effective head of the orifice measured from the centroid of the opening (m); and
g = Gravitational acceleration (9.81m/s?).

If the orifice discharges as a free outfall, then the effective head is measured from the centerline of the orifice to
the upstream water surface elevation. If the orifice discharge is submerged, then the effective head is the
difference in elevation of the upstream and downstream water surfaces. This latter condition of a submerged
discharge is shown in Figure 2.8(b).
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Figure 2.8: Definition Sketch for Orifice Flow (FHWA, 1996)

For square-edged, uniform orifice entrance conditions, a discharge coefficient of 0.6 should be used. For ragged
edged orifices, such as those resulting from the use of an acetylene torch to cut orifice openings in corrugated
pipe, a value of 0.4 should be used. For circular orifices with C, set equal to 0.6, the following equation results:

Q = K,, D2 H,050 (2.7)

where,
Kor=2.09 in S.I. units;
D = Orifice diameter (m); and
H, = Height - D/2 for free fall and difference in head and tailwater for submerged orifice.

Pipes smaller than 0.3 m in diameter may be analysed as a submerged orifice as long as HyD is greater than 1.5.
Pipes greater than 0.3 m in diameter should be analysed as a discharge pipe with headwater and tailwater
effects taken into account, not just as an orifice.

24.2  Sharp Crested Weirs

Typical sharp crested weirs are illustrated in Figure 2.9. Equation 2.8 provides the discharge relationship for
sharp-crested weirs with no end contractions (illustrated in Figure 2.9a).
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M Weir Crest Hy rras e
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c) Free Flow (d) Submerged Flow

Figure 2.9: Sharp Crested Weirs (FHWA, 1996)
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Q = Cscw .B. H15 (2.8)
where,

Q = Discharge (m3/s);

B = Horizontal weir width (m);

H Head above weir crest excluding velocity head (m); and
Cscw = Weir discharge coefficient = 1.81 + 0.22 (H/H.).

As indicated above, the value of the coefficient Csciy is known to vary with the ratio H/H.. Equation 2.9 provides
the discharge equation for sharp-crested weirs with end contractions. For values of the ratio H/H,less than 0.3, a
constant Cscyy of 1.84 can be used.

Q=Cscw (B-0.2 H) H'S (2.9)
2.4.3 Broad Crested Weirs

The most common type of emergency spillway used is a broad-crested overflow weir cut through original
ground next to the embankment. The transverse cross-section of the weir cut is typically trapezoidal in shape
for ease of construction. Such an excavated emergency spillway is illustrated in Figure 2.10.

Equation 2.10 presents a relationship for computing the flow through a broad-crested emergency spillway. The
dimensional terms used in the equation are illustrated in Figure 2.10.

Q=CspBH,” (2.10)

where,

Q Emergency spillway discharge (m3/s);

Csp = Spillway discharge coefficient (m®5/s);

B Spillway base width (m); and

H, Effective head on the spillway weir crest (m).

The discharge coefficient Csp in Equation 2.10 varies as a function of spillway base width and effective head
(Table 2.7). Equations 2.11 and 2.12 can be used to compute the critical velocity V. and critical slope S. at the
control section of an emergency spillway:

0.33
V. =214 (Q) (2.11)
B
0.33
V.B
S, =9.84n’ [—j 2.12)
Q
where,
n = Manning’s roughness coefficient;
V.= Critical velocity (m/s); and
Sc = Critical slope (%).

Note that for a given effective head H,, flattening the exit slope S. to less than S. decreases spillway discharge,
but steepening S, greater than S, does not increase discharge. Also, if a slope S, steeper than S. is used, the
velocity V. in the exit channel will increase according to the following relationship:

S 0.3
V, =V, [—E] (2.13)
SC
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Figure 2.10: Spillway Design Schematic (FHWA, 1996)
244 Drawdown Time
It is sometimes necessary to estimate the time it would take to drain a known stored water volume of a pond

through an orifice system. The following equation may be used to check that the storage does not take too long
time to empty the pond or to return to the normal water (pool) level, after the storm ends:

I JH{AS}W (2.14)
CyA,+ 2gm Wy '

where,
t = Time to empty (seconds);
y = Depth of water above the centreline in the storage (m);
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As
Hip

Storage water surface area at depth y (m?); and

Effective heads on the orifice measured from the centroid of the opening (m).

Where the water surface area is constant (i.e. vertical walls in the pond), Equation 2.14 reduces to:

2A,
g ) 15

Table 2.7: Broad-Crested Weir Coefficient C, Values as a Function of
Weir Base Width and Head (FHWA, 1996)

Head Weir Base Width B (m)
Hy(m) 0

015 020 030 040 050 0.0 070 080 090 1.00 125 150 200 3.00 4.00

0.10 1.59 156 150 147 145 143 142 141 140 139 137 135 136 140 145
0.15 165 160 151 148 145 144 144 144 145 145 144 143 144 145 145
0.20 1.73 166 154 149 146 144 144 145 146 148 148 149 149 149 145
0.30 1.83 177 164 156 150 147 146 146 146 147 147 148 148 148 145
0.40 1.83 180 174 1.65 157 152 149 147 146 146 147 147 147 148 145
0.50 183 182 181 174 167 160 155 151 148 148 147 146 146 146 145
0.60 1.83 183 182 173 165 158 154 146 131 134 148 146 146 146 145
0.70 1.83 183 183 1.78 172 1.65 160 153 144 145 149 147 147 146 145
0.80 1.83 183 183 182 179 172 166 160 157 155 150 147 147 146 145
0.90 183 183 183 183 181 176 171 166 1.61 158 150 147 147 146 145
1.00 1.83 183 183 183 182 181 176 170 1.64 160 151 148 147 146 145
1.10 1.83 183 183 183 183 183 180 175 166 162 152 149 147 146 145
1.20 1.83 183 183 1.83 183 183 183 179 170 165 153 149 148 146 145
1.30 1.83 183 183 183 183 183 183 182 177 171 156 151 149 146 145
1.40 1.83 183 183 183 183 183 183 183 183 177 160 152 150 146 145
1.50 1.83 183 183 183 183 183 183 183 183 179 1.66 155 151 146 145
1.60 1.83 183 183 183 183 183 183 183 183 181 174 158 153 146 145

M Measured at least 2.5H upstream of the weir

25 HYDROLOGIC POND ROUTING

The most commonly used method for routing inflow hydrograph through a detention pond is the Storage
Indication or modified Puls method. This method begins with the continuity equation which states that the
inflow minus the outflow equals the change in storage (I-0=AS). By taking the average of two closely spaced
inflows and two closely spaced outflows, the method is expressed by Equation 2.16. This relationship is
illustrated graphically in Figure 2.11.

45 Li+I, 0;+0,

2.16
At 2 2 216)
where:
AS = Change in storage (m3);
At = Time interval (min);
I = Inflow (m?); and
O = Outflow (md).
In Equation 2.16, subscript 1 refers to the beginning and subscript 2 refers to the end of the time interval.
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Figure 2.11: Development of the Storage-Discharge Function for Hydrologic Pond Routing

Equation 2.16 can be rearranged so that all the known values are on the left side of the equation and all the
unknown values are located on the right hand side of the equation, as shown in Equation 2.17. Now the
equation with two unknowns, S; and O, can be solved with one equation. The following procedure can be used
to perform routing through a reservoir or storage facility using Equation 2.17.

11+Iz+(5_1+&)_01:(5_2+&j 2.17)
2 A2 A2

Step 1: Develop an inflow hydrograph, stage-discharge curve, and stage-storage curve for the proposed
storage facility.

Step 2: Select a routing time period, At, to provide a minimum of five points on the rising limb of the inflow
hydrograph.

Step 3: Use the stage-storage and stage-discharge data from Step 1 to develop a storage indicator numbers table
that provides storage indicator values, S/ (At) + O/2, versus stage. A typical storage indicator numbers
table contains the following column headings:
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1 2 3 4 5 6
Stage Discharge (O2) Storage (S2) Oy/2 Sa/ At So/At+O2/2
(m) (m3/s) (m3) (m3/s) (m3/s) (Storage Indicator
Number)

Discharge (O) and storage (S) are obtained from the stage-discharge and stage-storage curves,

respectively.
Subscript 2 is arbitrarily assigned at this time.
Time interval (At) must be the same as the time interval used in the tabulated inflow hydrograph.

Step 4: Develop a storage indicator numbers curve by plotting the outflow (column 2) vertically against the

Step 5:

storage indicator numbers in column 6. An equal value line plotted as O, = S,/ At + O2/2 should also be
plotted. If the storage indicator curve crosses the equal value line, a smaller time increment (At) is
needed (Figure 2.12).

A supplementary curve of storage (column 3) vs. So/ At + O2/2 (column 6) can also be constructed. This
curve does not enter into the mainstream of the routing; however, it is useful for identifying storage for
any given value of S/ At + O2/2. A plot of storage vs. time can be developed from this curve.

\JI] Q|

S 3
@ = o
P RES 2/
& 35::/ 2
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o =) o]
: 5/
2 &
= @
=] )
S/ )/
[
=
Storage Indicator Numbers [ S, | O,
At 2

Figure 2.12: Storage Indicator Curve

Step 6: Routing can now be performed by developing a routing table for the solution of Equation 2.17 as

follows:
1 2 3 4 5 6 7
Time Inflow (Li+k)/2  (S1/At+04/2) O So/ At + Oy/2) O

(hr) (m3/s) (m?/s) (m3/s) (m/s) (m3/s) (m?/s)

Columns (1) and (2) are obtained from the inflow hydrograph.
Column (3) is the average inflow over the time interval.

The initial values for columns (4) and (5) are generally assumed to be zero since there is no storage
or discharge at the beginning of the hydrograph when there is no inflow into the basin.
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e The left side of Equation 2.17 is determined algebraically as columns (3) + (4) -(5). This value equals
the right side of Equation 2.17 or S/ At + O2/2 and is placed in column (6).

e Enter the storage indicator curve with S/ At + O,/2 (column 6) to obtain O, (column 7).

e Column (6) (S2/At + O2/2) and column (7) (Oz) are transported to the next line andbecome S;/At +
O1/2 and O1 in columns (4) and (5), respectively. Because (S»/At+ O2/2) and O2 are the ending
values for the first time step, they can also be said to be the beginning values for the second time
step.

e Columns (3), (4), and (5) are again combined and the process is continued until the storm is routeh.
Peak storage depth and discharge (O in column (7)) will occur when column (6) reaches a
maximum. The storage indicator numbers table developed in Step 3 is entered with the maximum
value of S;/At + O2/2 to obtain the maximum amount of storage required. This table can also be
used to determine the corresponding elevation of the depth of stored water.

e Designer needs to make sure that the peak value in column (7) does not exceed the allowable
discharge as prescribed by the stormwater management criteria.

Step 7: Plot O; (column 7) versus time (column 1) to obtain the outflow hydrograph.

The above procedure is illustrated in Figure 2.13.

2.6 CRITICAL STORM DURATION

Determination of critical storm duration is important to make the stormwater management facilities safe.
Critical storm duration is a function of rainfall intensity, antecedent moisture condition, rainfall temporal
pattern, etc. Therefore, it is strongly recommended that the engineer or authority should look into various
scenarios that can produce critical storm duration.

Determination of critical storm duration, the one that produces the highest runoff flow rate in the conveyance
(pipe or open drain) system, or the highest water level in the storage facility, is required for the design of
drainage systems.

2.6.1 Conveyance System

The critical storm duration of a conveyance system is usually close the value of time of concentration (f.).
However, depending on the antecedent moisture condition, variation in the temporal pattern, storm and wind
direction, land development distribution of impervious surfaces in the subcatchment, etc. the critical storm
duration might be significantly different from that of the f.. Therefore, rainfall events of various durations and
possible runoff contributing areas need to be analysed to determine the critical storm duration for the
conveyance system.

Two options can be used to determine the critical storm duration for conveyance. Those are:

e Simple Calculation for catchment < 80 ha: Critical Storm Duration = ¢. with possible checks for partial area
effects; and

e Computer Model for catchment > 80 ha: Run model for various storm durations and plotting the calculated
peak flow rates for various durations to find the critical storm duration, as shown in Figure 2.14.

In order to develop the critical storm duration for a conveyance system, the designer has to select the design
ARI and simulate hydrologic and hydraulic calculations for various storm durations together with the rainfall
temporal patterns, antecedent moisture condition, etc. to get the peak flow values. The designer must then plot
the design peak flow values against the storm durations, as shown in Figure 2.14 to find the critical storm
duration for the drain or drainage system
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Figure 2.13: General Analysis Procedure for Pond Routing (DID, 2000)
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Peak Flow (m?/s)

Storm Duration (hour)

Figure 2.14: Determination of Critical Storm Duration for Conveyance

2.6.2  Storage System

On the other hand, the critical storm duration of any storage facility (OSD, Detention Pond, Wetland, etc.)
mainly depends on the event runoff volume, inflow-outflow relationship, initial water level in the system, etc.
In short, runoff volume is more critical, instead of just the intensity of the rainfall. Hydrologic and hydraulic
routing of various storm durations for various rainfall temporal patterns, antecedent moisture conditions, etc. Is
required to define the maximum water level in the storage facility. The designer must then plot the simulated
highest water level in the pond, wetland or detention facility against the storm durations, as shown in Figure

2.15, to find the critical storm duration for the storage facilities.

1

Storm Duration (hour)

Figure 2.15: Determination of Critical Storm Duration for a Storage Facility
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APPENDIX 2.A DESIGN CHART - OVERLAND FLOW TIME
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Design Chart 2.A1: Nomograph for the Estimation of Overland Flow Time (#,)
for Sheet Flow (IEA, 1977)
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APPENDIX 2.B IDF CONSTANTS

Table 2.B1: Fitting Constants for the IDF Empirical Equation for the Different Locations in Malaysia
for High ARIs between 2 and 100 Year and Storm Durations from 5 Minutes to 72 Hours

Constants
State No. Station Station Name
ID A K 0 n
Johor 1 1437116 | Stor JPS Johor Bahru 59.972 0.163 0.121 0.793
2 1534002 | Pusat Kem. Pekan Nenas 54.265 0.179 0.100 0.756
3 1541139 | Johor Silica 59.060 0.202 0.128 0.660
4 1636001 | Balai Polis Kg Seelong 50.115 0.191 0.099 0.763
5 1737001 | SM Bukit Besar 50.554 0.193 0.117 0.722
6 1829002 | Setor JPS Batu Pahat 64.099 0.174 0.201 0.826
7 1834124 | Ladang Ulu Remis 55.864 0.166 0.174 0.810
8 1839196 | Simpang Masai K. Sedili 61.562 0.191 0.103 0.701
9 1931003 | Emp. Semberong 60.568 0.163 0.159 0.821
10 2025001 | Pintu Kaw. Tg. Agas 80.936 0.187 0.258 0.890
11 | 2033001 | JPSKluang 54.428 0.192 0.108 0.740
12 | 2231001 | Ladang Chan Wing 57.188 0.186 0.093 0.777
13 | 2232001 | Ladang Kekayaan 53.457 0.180 0.094 0.735
14 2235163 | Ibu Bekalan Kahang 52177 0.186 0.055 0.652
15 2237164 | Jalan Kluang-Mersing 56.966 0.190 0.144 0.637
16 2330009 | Ladang Labis 45.808 0.222 0.012 0.713
17 2528012 | Rmh. Tapis Segamat 45.212 0.224 0.039 0.711
18 2534160 | Kg Peta Hulu Sg Endau 59.500 0.185 0.129 0.623
19 2636170 | Setor JPS Endau 62.040 0.215 0.103 0.592
Kedah 1 5507076 | Bt. 27, Jalan Baling 52.398 0.172 0.104 0.788
2 5704055 | Kedah Peak 81.579 0.200 0.437 0.719
3 5806066 | Klinik Jeniang 59.786 0.165 0.203 0.791
4 5808001 | Bt. 61, Jalang Baling 47.496 0.183 0.079 0.752
5 6103047 | Setor JPS Alor Setar 64.832 0.168 0.346 0.800
6 6108001 | Kompleks Rumah Muda 52.341 0.173 0.120 0.792
7 6206035 | Kuala Nerang 54.849 0.174 0.250 0.810
8 6107032 | AmpangPadu 66.103 0.177 0.284 0.842
9 6306031 | Padang Senai 60.331 0.193 0.249 0.829
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Table 2.B1: Fitting Constants for the IDF Empirical Equation for the Different Locations in Malaysia
for High ARIs between 2 and 100 Year and Storm Durations from 5 Minutes to 72 Hours

Constants
State | No. Station Station Name
D A K 0 n

Kelantan 1 4614001 | Brook 49.623 0.159 0.242 0.795
2 4726001 | Gunung Gagau 43.024 0.220 0.004 0.527
3 4819027 | Gua Musang 57.132 0.155 0.119 0.795
4 4915001 | Chabai 47.932 0.169 0.108 0.794
5 4923001 | Kg Aring 47.620 0.187 0.020 0.637
6 5120025 | Balai Polis Bertam 61.338 0.168 0.193 0.811
7 5216001 | Gob 41.783 0.175 0.122 0.720
8 5320038 | Dabong 51.442 0.189 0.077 0.710
9 5322044 Kg Lalok 53.766 0.197 0.121 0.705
10 5522047 | JPS Kuala Krai 39.669 0.231 0.000 0.563
11 5718033 Kg Jeli, Tanah Merah 72173 0.196 0.360 0.703
12 5719001 | Kg Durian Daun Lawang 51.161 0.193 0.063 0.745
13 5722057 | JPS Machang 48.433 0.219 0.000 0.601
14 5824079 Sg Rasau Pasir Putih 51.919 0.216 0.062 0.560
15 6019004 | Rumah Kastam Rantau Pjg 49.315 0.228 0.000 0.609
16 6122064 | Setor JPS Kota Bharu 60.988 0.214 0.148 0.616

Kuala 1 3015001 | Puchong Drop, K Lumpur 69.650 0.151 0.223 0.880

Lumpur 2 3116003 | Ibu Pejabat JPS 61.976 0.145 0.122 0.818
3 3116004 | Ibu Pejabat JPS1 64.689 0.149 0.174 0.837
4 3116005 | SK Taman Maluri 62.765 0.132 0.147 0.820
5 3116006 | Ladang Edinburgh 63.483 0.146 0.210 0.830
6 3216001 Kg. Sungai Tua 64.203 0.152 0.250 0.844
7 3216004 | SK Jenis Keb. Kepong 73.602 0.164 0.330 0.874
8 3217001 | Ibu Bek. KM16, Gombak 66.328 0.144 0.230 0.859
9 3217002 | Emp. Genting Kelang 70.200 0.165 0.290 0.854
10 3217003 | Ibu Bek. KM11, Gombak 62.609 0.152 0.221 0.804
11 3217004 | Kg. Kuala Seleh, H. Klg 61.516 0.139 0.183 0.837
12 3217005 | Kg. Kerdas, Gombak 63.241 0.162 0.137 0.856
13 3317001 | Air Terjun Sg. Batu 72.992 0.162 0.171 0.871
14 3317004 | Genting Sempah 61.335 0.157 0.292 0.868

(Continued)
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Table 2.B1: Fitting Constants for the IDF Empirical Equation for the Different Locations in Malaysia
for High ARIs between 2 and 100 Year and Storm Durations from 5 Minutes to 72 Hours

Constants
State No. Station Station Name
ID A K 6 N
Malacca 1 2222001 Bukit Sebukor 95.823 0.169 0.660 0.947
2 2224038 | Chin Chin Tepi Jalan 54.241 0.161 0.114 0.846
3 2321006 Ladang Lendu 72.163 0.184 0.376 0.900
Negeri 1 2719001 | Setor JPS Sikamat 52.823 0.167 0.159 0.811
Sembilan 2 2722202 | Kg Sawah Lebar K Pilah 44811 0.181 0.137 0.811
3 2723002 | Sungai Kepis 54.400 0.176 0.134 0.842
4 2725083 | Ladang New Rompin 57.616 0.191 0.224 0.817
5 2920012 | Petaling K Kelawang 50.749 0.173 0.235 0.854
Pahang 1 2630001 | Sungai Pukim 46.577 0.232 0.169 0.687
2 2634193 Sungai Anak Endau 66.179 0.182 0.081 0.589
3 2828173 | Kg Gambir 47.701 0.182 0.096 0.715
4 3026156 | Pos Iskandar 47.452 0.184 0.071 0.780
5 3121143 | Simpang Pelangai 57.109 0.165 0.190 0.867
6 3134165 | Dispensari Nenasi 61.697 0.152 0.120 0.593
7 3231163 | Kg Unchang 55.568 0.179 0.096 0.649
8 3424081 | JPS Temerloh 73.141 0.173 0.577 0.896
9 3533102 Rumah Pam Pahang Tua 58.483 0.212 0.197 0.586
10 3628001 | Pintu Kaw. Pulau Kertam 50.024 0.211 0.089 0.716
12 3924072 | Rmh Pam Paya Kangsar 62.301 0.167 0.363 0.868
13 3930012 | Sungai Lembing PCC Mill 45.999 0.210 0.074 0.590
14 4023001 | Kg Sungai Yap 65.914 0.195 0.252 0.817
15 4127001 | Hulu Tekai Kwsn.”B” 59.861 0.226 0.213 0.762
16 4219001 Bukit Bentong 73.676 0.165 0.384 0.879
17 4223115 Kg Merting 52.731 0.184 0.096 0.805
18 4513033 | Gunung Brinchang 42.004 0.164 0.046 0.802
Penang 1 5204048 | Sg Simpang Ampat 62.089 0.220 0.402 0.785
2 5302001 | Tangki Air Besar Sg Pinang 67.949 0.181 0.299 0.736
3 5302003 | Kolam Tkgn Air Hitam 52.459 0.191 0.106 0.729
4 5303001 | Rmh Kebajikan P Pinang 57.326 0.203 0.325 0.791
5 5303053 | Komplek Prai 52.771 0.203 0.095 0.717
6 5402001 | Klinik Bkt Bendera P Pinang 64.504 0.196 0.149 0.723
7 5402002 Kolam Bersih P Pinang 53.785 0.181 0.125 0.706
8 5404043 | Ibu Bekalan Sg Kulim 57.832 0.188 0.245 0.751
9 5504035 | Lahar Ikan Mati Kepala Batas | 48.415 0.221 0.068 0.692
(Continued)
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Table 2.B1: Fitting Constants for the IDF Empirical Equation for the Different Locations in Malaysia
for High ARIs between 2 and 100 Year and Storm Durations from 5 Minutes to 72 Hours

Constants
State No. Station Station Name
ID A K 0 n
Perak 1 4010001 | JPS Teluk Intan 54.017 0.198 0.084 0.790
2 4207048 | JPS Setiawan 56.121 0.174 0.211| 0.854
3 4311001 | Pejabat Daerah Kampar 69.926 0.148 0.149| 0.813
4 4409091 | Rumah Pam Kubang Haji 52.343 0.164 0177| 0.840
5 4511111 | Politeknik Ungku Umar 70.238 0.164 0.288| 0.872
6 4807016 | Bukit Larut Taiping 87.236 0.165 0.258| 0.842
7 4811075 | Rancangan Belia Perlop 58.234 0.198 0.247| 0.856
8 5005003 | JIn. Mtg. Buloh Bgn Serai 52.752 0.163 0179 0.795
9 5207001 | Kolam Air JKR Selama 59.567 0.176 0.062| 0.807
10 5210069 | Stesen Pem. Hutan Lawin 52.803 0.169| 0.219| 0.838
11 5411066 | Kuala Kenderong 85.943 0.223 0.248 | 0.909
12 5710061 | Dispensari Keroh 53.116 0.168 0112 0.820
Perlis 1 6401002 | Padang Katong, Kangar 57.645 0.179 0.254 | 0.826
Selangor 1 2815001 | JPS Sungai Manggis 56.052 0.152 0.194| 0.857
2 2913001 | Pusat Kwin. JPS T Gong 63.493 0.170 0254 0.872
3 2917001 | Setor JPS Kajang 59.153 0.161 0.118| 0.812
4 3117070 | JPS Ampang 65.809 0.148 0.156| 0.837
5 3118102 | SK Sungai Lui 63.155 0.177 0122 0.842
6 3314001 | Rumah Pam JPS P Setia 62.273 0.175 0.205| 0.841
7 3411017 | Setor JPS Tj. Karang 68.290 0.175 0.243| 0.894
8 3416002 | Kg Kalong Tengah 61.811 0.161 0.188| 0.816
9 3516022 | Loji Air Kuala Kubu Baru 67.793 0.176 0278 | 0.854
10 3710006 | Rmh Pam Bagan Terap 60.793 0173 0.185 | 0.884
Terengganu 1 3933001 | Hulu Jabor, Kemaman 103.519 0228 | 0.756| 0.707
2 4131001 | Kg, Ban Ho, Kemaman 65.158 0.164 0.092| 0.660
3 4234109 | JPS Kemaman 55.899 0.201 0.000| 0.580
4 4332001 | Jambatan Tebak, Kem. 61.703 0.185 0.088| 0.637
5 4529001 | Rmh Pam Paya Kempian 53.693 0.194 0.000| 0.607
6 4529071 | SK Pasir Raja 48.467 0.207 0.000| 0.600
7 4631001 | Almuktafibillah Shah 66.029 0.199 0.165| 0.629
8 4734079 | SM Sultan Omar, Dungun 51.935 0.213 0.020| 0.587
9 4832077 | SK Jerangau 54.947 0.212 0.026| 0.555
10 4930038 | Kg Menerong, Hulu Trg 60.436 0.204 0.063 0.588
11 5029034 | Kg Dura. Hulu Trg 60.510 0.220 0.087| 0.617
12 5128001 | Sungai Gawi, Hulu Trg 48.101 0.215 0.027| 0.566
13 5226001 Sg Petualang, Hulu Trg 48527 0.228 0.000 0.547
14 5328044 Sungai Tong, Setiu 52.377 0.188 0.003 0.558
15 5331048 | Setor JPS K Terengganu 58.307 0.210 0.123| 0.555
16 5426001 | Kg Seladang, Hulu Setiu 57.695 0.197 0.000| 0.544
17 5428001 Kg Bt. Hampar, Setiu 55.452 0.186 0.000 0.545
18 5524002 | SK Panchor, Setiu Klinik 53.430 0.206 0.000| 0.524
19 5725006 | Kg Raja, Besut 52.521 0.225 0.041| 0.560
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Table 2.B2: Fitting Constants for the IDF Empirical Equation for the Different Locations in Malaysia

for Low ARIs between 0.5 and 12 Month and Storm Durations from 5 Minutes to 72 Hours

Constants
State No. Station Station Name
1D A K 0 1

Johor 1 1437116 | Stor JPS Johor Bahru 73.6792 0.2770 0.2927 0.8620
2 1534002 | Pusat Kem. Pekan Nenas 62.6514 0.3231 0.1557 0.8212
3 1541139 | Johor Silica 79.5355 0.3363 0.2947 0.8097
4 1636001 | Balai Polis Kg Seelong 61.2124 0.3373 0.2375 0.8427
5 1737001 | SM Bukit Besar 61.3513 0.3027 0.2029 0.8240
6 1829002 | Setor Daerah JPS Batu Pahat | 62.1576 0.3055 0.1423 0.8253
7 1834124 | Ladang Ulu Remis 59.1713 0.2935 0.1847 0.8380
8 1839196 | Simpang Masai K. Sedili 71.7947 0.2683 0.1863 0.8071
9 1931003 | Emp. Semberong 66.8854 0.3549 0.2107 0.8384
10 2025001 | Pintu Kaw. Tg. Agas 77.7719 0.3102 0.2806 0.8789
11 2231001 | Ladang Chan Wing 66.1439 0.3236 0.1778 0.8489
12 2232001 | Ladang Kekayaan 66.7541 0.3076 0.2270 0.8381
13 2235163 Ibu Bekalan Kahang 62.3394 0.2786 0.1626 0.7389
14 2237164 | Jalan Kluang-Mersing 73.2358 0.3431 0.2198 0.7733
15 2330009 | Ladang Labis 65.2220 0.3947 0.2353 0.8455
16 2528012 | Rmh. Tapis Segamat 63.6892 0.3817 0.2586 0.8711
17 2534160 | Kg Peta Hulu Sg Endau 69.9581 0.3499 0.1808 0.7064
18 2636170 | Setor JPS Endau 77.6302 0.3985 0.2497 0.6927

Kedah 1 5507076 | Bt. 27, Jalan Baling 62.7610 0.2580 0.3040 0.8350
2 5704055 | Kedah Peak 58.5960 0.3390 0.0640 0.661
3 5806066 | Klinik Jeniang 67.1200 0.3820 0.2380 0.8230
4 5808001 | Bt. 61, Jalan Baling 56.3990 0.3880 0.2520 0.8030
5 6103047 | Setor JPS Alor Setar 67.6410 0.3340 0.2740 0.8280
6 6108001 | Kompleks Rumah Muda 58.4040 0.2780 0.2340 | 0.8290
7 6206035 | Kuala Nerang 62.9600 0.3080 0.3590 | 0.8590
8 6207032 | Ampang Padu 70.9970 0.2930 0.3820 | 0.8630
9 6306031 | Padang Sanai 63.6150 0.3130 0.3090 0.8520
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Table 2.B2: Fitting Constants for the IDF Empirical Equation for the Different Locations in Malaysia
for Low ARIs between 0.5 and 12 Month and Storm Durations from 5 Minutes to 72 Hours

Constants
State No. Station Station Name
D A K 0 n

Kelantan 1 4614001 | Brook 49.7311 0.3159 | 0.1978 0.7924
2 4915001 | Chabai 56.2957 0.2986 | 0.1965 0.8384

3 4923001 | Kg Aring 70.2651 0.3810 | 0.2416 0.8185

4 5120025 | Balai Polis Bertam 67.7195 0.3271 | 0.2430 0.8424

5 5216001 | Gob 47.4654 0.2829 | 0.1531 0.7850

6 5320038 | Dabong 67.7907 0.3777 | 0.2740 0.8115

7 5322044 | Kg Lalok 67.7660 0.3288 | 0.2367 0.8188

8 5522047 | JPS Kuala Krai 63.0690 0.4681 | 0.3096 0.7833

9 5718033 | Kg Jeli, Tanah Merah 73.8139 0.3878 0.1161 0.7600

10 5719001 | Kg Durian Daun Lawang 67.2398 0.3651 | 0.1822 0.7531

11 5722057 | JPS Machang 57.3756 0.3441 | 0.1742 0.7085

12 5824079 | Sg Rasau, Pasir Putih 68.5083 0.4079 | 0.2019 0.7003

13 6019004 | Rumah Kastam Rantau Pjg 65.3650 0.4433 | 0.1582 0.7527

Kuala 1 3015001 | Puchong Drop, K Lumpur 68.5873 | 0.3519 0.1697 0.8494
Lumpur 2 3116004 | Ibu Pejabat JPS 65.9923 | 0.2857 0.1604 0.8341
3 3116005 | SK Taman Maluri 74.4510 | 0.2663 0.3120 0.8608

4 3116006 | Ladang Edinburgh 64.5033 | 0.2751 0.1814 0.8329

5 3216001 | Kg. Sungai Tua 62.9398 | 0.2579 0.1989 0.8374

6 3216004 | SK Jenis Keb. Kepong 69.7878 | 0.2955 0.1672 0.8508

7 3217001 | Ibu Bek. KM16, Gombak 66.0685 | 0.2565 0.2293 0.8401

8 3217002 | Emp. Genting Kelang 66.2582 | 0.2624 0.2423 0.8446

9 3217003 | Ibu Bek. KM11, Gombak 73.9540 | 0.2984 0.3241 0.8238

10 3217004 | Kg. Kuala Seleh, H. Klang 64.3175 | 0.2340 0.1818 0.8645

11 3217005 | Kg. Kerdas, Gombak 68.8526 | 0.2979 0.2024 0.8820

12 3317001 | Air Terjun Sg. Batu 75.9351 | 0.2475 0.2664 0.8668

13 3317004 | Genting Sempah 55.3934 | 0.2822 0.1835 0.8345

(Continued)
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Table 2.B2: Fitting Constants for the IDF Empirical Equation for the Different Locations in Malaysia
for Low ARIs between 0.5 and 12 Month and Storm Durations from 5 Minutes to 72 Hours

Constants
State No. Station Station Name
ID A K 6 n
Malacca 1 2222001 | Bukit Sebukor 78.1482 0.2690 0.3677 0.8968
2 2224038 | Chin Chin Tepi Jalan 66.0589 0.3363 0.3301 0.8905
3 2321006 | Ladang Lendu 64.7588 0.2975 0.2896 0.8787
Negeri 1 2719001 | Setor JPS Sikamat 60.4227 0.2793 0.2694 0.8540
Sembilan 2 2722202 | Kg Sawah Lebar K Pilah 49.3232 0.2716 0.2164 0.8503
3 2723002 | Sungai Kepis 61.3339 0.2536 0.3291 0.8717
4 2725083 | Ladang New Rompin 65.0249 0.3575 0.3546 0.8750
5 2920012 | Petaling K Kelawang 51.7343 0.2919 0.2643 0.8630
Pahang 1 2630001 | Sungai Pukim Sungai 63.9783 0.3906 0.2556 0.8717
2 2634193 | Anak Endau 79.4310 0.3639 0.1431 0.7051
3 2828173 | Kg Gambir 61.1933 0.3857 0.1878 0.8237
4 3026156 | Pos Iskandar 59.9903 0.3488 0.2262 0.8769
5 3121143 | Simpang Pelangai 64.9653 0.3229 0.3003 0.8995
6 3134165 | Dispensari Nenasi 88.6484 0.3830 0.4040 0.7614
7 3231163 | Kg Unchang 71.6472 0.3521 0.1805 0.7886
8 3424081 | JPS Temerloh 62.2075 0.3528 0.3505 0.8368
9 3533102 | Rumah Pam Pahang Tua 80.8887 0.3611 0.4800 0.7578
10 3628001 | Pintu Kaw. Pulau Kertam 63.5073 0.3830 0.2881 0.8202
11 3818054 | Setor JPS Raub 61.3432 0.3692 0.3929 0.8445
12 3924072 | Rmh Pam Paya Kangsar 58.3761 0.3334 0.2421 0.8430
13 3930012 | Sungai Lembing PCC Mill 77.0004 0.4530 0.5701 0.8125
14 4023001 | Kg Sungai Yap 77.1488 0.3725 0.3439 0.8810
15 4127001 | Hulu Tekai Kwsn.”B” 60.2235 0.4650 0.1241 0.8020
16 4219001 | Bukit Bentong 67.6128 0.2706 0.2459 0.8656
17 4223115 | Kg Merting 62.7511 0.2843 0.3630 0.9024
18 4513033 | Gunung Brinchang 421757 0.2833 0.1468 0.7850
Penang 1 5204048 | Sg Simpang Ampat 593122 | 03394 | 03350 | 0.8090
2 5302001 | Tangki Air Besar Sg Pinang 71.7482 | 0.2928 02934 | 0.7779
3 5302003 | Kolam Tkgn Air Hitam 56.1145 | 0.2975 0.1778 0.7626
4 5303001 | Rmh Kebajikan P Pinang 60.1084 | 0.3575 0.2745 0.8303
5 5303053 | Kompleks Prai P Pinang 49.4860 | 0.3314 0.0518 0.7116
6 5402001 | Klinik Bkt Bendera P Pinang 68.0999 | 0.3111 0.1904 0.7662
7 5402002 | Kolam Bersih P Pinang 62.7533 | 0.2688 0.2488 0.7757
8 5504035 | Lahar Ikan Mati Kepala Batas 60.8596 | 0.3369 0.2316 0.7981
(Continued)
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Table 2.B2: Fitting Constants for the IDF Empirical Equation for the Different Locations in Malaysia
for Low ARIs between 0.5 and 12 Month and Storm Durations from 5 Minutes to 72 Hours

Constants
State No. Station Station Name
D A K 0 n
Perak 1 5005003 | JPS Teluk Intan 65.1854 0.3681 | 0.2552 | 0.8458
2 4010001 | JPS Setiawan 56.2695 0.3434 | 0.2058 | 0.8465
3 4207048 | Pejabat Daerah Kampar 79.2706 0.1829 | 0.3048 | 0.8532
4 4311001 | Rumah Pam Kubang Haji 47.8316 0.3527 | 0.1038 | 0.8018
5 4409091 | Politeknik Ungku Umar 62.9315 0.3439 | 0.1703 | 0.8229
6 4511111 | Bukit Larut Taiping 83.3964 0.3189 | 0.1767 | 0.8166
7 4807016 | Rancangan Belia Perlop 57.4914 0.3199 | 0.2027 | 0.8696
8 4811075 | Jln. Mtg. Buloh Bgn Serai 63.2357 0.3176 | 0.3330 | 0.8462
9 5207001 | Kolam Air JKR Selama 67.0499 0.3164 | 0.2255 | 0.8080
10 5210069 | Stesen Pem. Hutan Lawin 53.7310 0.3372 | 0.2237 | 0.8347
11 5411066 | Kuala Kenderong 68.5357 0.4196 | 0.1558 | 0.8378
12 5710061 Dispensari Keroh 59.2197 0.3265 0.1621 | 0.8522
Perlis 1 6401002 | Padang Katong, Kangar 521510 | 0.3573 | 0.1584| 0.7858
Selangor 1 2815001 | JPS Sungai Manggis 57.3495 0.2758 | 0.1693 | 0.8672
2 2913001 | Pusat Kwin. JPS T Gong 65.3556 0.3279 | 0.3451 | 0.8634
3 2917001 | Setor JPS Kajang 62.9564 0.3293 | 0.1298 | 0.8273
4 3117070 | JPS Ampang 69.1727 0.2488 | 0.1918 | 0.8374
5 3118102 | SK Sungai Lui 68.4588 0.3035 | 0.2036 | 0.8726
6 3314001 | Rumah Pam JPS P Setia 65.1864 0.2816 | 0.2176 | 0.8704
7 3411017 | Setor JPS Tj. Karang 70.9914 0.2999 | 0.2929 | 0.9057
8 3416002 | Kg Kalong Tengah 59.9750 0.2444 | 0.1642 | 0.8072
9 3516022 | Loji Air Kuala Kubu Baru 66.8884 0.2798 | 0.3489 | 0.8334
10 3710006 | Rmh Pam Bagan Terap 62.2644 0.3168 | 0.2799 | 0.8665
Terengganu 1 3933001 | Hulu Jabor, Kemaman 74.8046 0.2170 | 0.2527 | 0.7281
2 4131001 | Kg, Ban Ho, Kemaman 68.6659 03164 | 0.1157 | 0.6969
3 4234109 | JPS Kemaman Jambatan 75.8258 0.2385 | 0.3811 | 0.7303
4 4332001 | Tebak, Kem. 77.2826 0.3460 | 0.3036 | 0.7301
5 4529001 | Rmh Pam Paya Kempian 65.2791 0.3642 | 0.1477 | 0.6667
6 4631001 | Almuktafibillah Shah 81.8861 0.3400 | 0.2600 | 0.7459
7 4734079 | SM Sultan Omar, Dungun 66.4262 0.3288 | 0.2152 | 0.7015
8 4832077 | SK Jerangau 81.4981 0.3736 | 0.4226 | 0.7586
9 4930038 | Kg Menerong, Hulu Trg 80.9649 03782 | 0.2561 | 0.7158
10 5029034 | Kg Dura. Hulu Trg 62.7859 0.3495 | 0.1103 | 0.6638
11 5128001 | Sungai Gawi, Hulu Trg 59.3063 0.4001 | 0.1312| 0.6796
12 5226001 Sg Petualang, Hulu Trg 51.7862 0.2968 0.0704 | 0.6587
13 5328044 | Sungai Tong, Setiu 63.4136 0.3864 | 0.0995 | 0.6540
14 5331048 Setor ]PS K Terengganu 67.0267 0.2844 0.2633 | 0.6690
15 5426001 | Kg Seladang, Hulu Setiu 76.9088 0.4513 | 0.1636 | 0.6834
16 5428001 | Kg Bt. Hampar, Setiu 57.9456 0.2490 | 0.0380 | 0.6000
17 5524002 SK Panchor, Setiu 75.1489 0.4147 0.2580 | 0.6760
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APPENDIX 2.C NORMALISED DESIGN RAINFALL TEMPORAL PATTERN

2.C1 Region1: Terengganu and Kelantan

No. of Storm Duration

Block 15-min | 30-min | 60-min | 180-min | 6-hr | 12-hr | 24-hr | 48-hr | 72-hr
1 0.316 0.133 0.060 0.060 0.059| 0.070| 0.019| 0.027| 0.021

2 0.368 0.193 0.062 0.061 0.067 | 0.073| 0.022| 0.028| 0.029

3 0.316 0.211 0.084 0.071 0.071| 0.083| 0.027| 0.029| 0.030

4 0.202 0.087 0.080 0.082| 0.084| 0.036| 0.033| 0.033

5 0.161 0.097 0.110 0119 | 0.097| 0.042| 0.037| 0.037

6 0.100 0.120 0.132 0130 | 0.106| 0.044| 0.040| 0.038

7 0.115 0.120 0123 | 0.099| 0.048| 0.046| 0.042

8 0.091 0.100 0.086 | 0.086| 0.049| 0.048| 0.048

9 0.087 0.078 0.073 | 0.084| 0.050| 0.049| 0.053
10 0.082 0.069 0.069| 0.083| 0.056| 0.054| 0.055
11 0.061 0.060 0.063| 0.070| 0.058| 0.058| 0.058
12 0.054 0.059 0.057 | 0.064| 0.068| 0.065| 0.067
13 0.058 | 0.060| 0.059
14 0.057 | 0.055| 0.056
15 0.050 | 0.053| 0.053
16 0.050 | 0.048| 0.052
17 0.048 | 0.046 | 0.047
18 0.046 | 0.044| 0.041
19 0.043 | 0.038| 0.038
20 0.039| 0.034| 0.036
21 0.028 | 0.030 | 0.033
22 0.025| 0.029| 0.030
23 0.022 | 0.028| 0.022
24 0.016 | 0.019| 0.020
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2.C2  Region 2: Johor, Negeri Sembilan, Melaka, Selangor and Pahang

No. of Storm Duration
Block 15-min | 30-min | 60-min | 180-min | 6-hr | 12-hr | 24-hr | 48-hr | 72-hr
1 0.255 0.124 0.053 0.053 0.044 | 0.045| 0.022| 0.027 | 0.016
2 0.376 0.130 0.059 0.061 0.081 | 0.048 | 0.024| 0.028 | 0.023
3 0.370 0.365 0.063 0.063 0.083 | 0.064| 0.029| 0.029 | 0.027
4 0.152 0.087 0.080 0.090 | 0106 | 0.031| 0.033 | 0.033
5 0.126 0.103 0.128 0106 | 0124 | 0.032| 0.037 | 0.036
6 0.103 0.153 0.151 0115 | 0146 | 0.035| 0.040 | 0.043
7 0.110 0.129 0114 | 0127 | 0.039 | 0.046 | 0.047
8 0.088 0.097 0.090 | 0116 | 0.042 | 0.048 | 0.049
9 0.069 0.079 0.085 | 0.081| 0.050| 0.049 | 0.049
10 0.060 0.062 0.081 | 0.056| 0.054| 0.054| 0.051
11 0.057 0.054 0.074 | 0.046 | 0.065| 0.058 | 0.067
12 0.046 0.042 0.037 | 0.041| 0.093| 0.065| 0.079
13 0.083 | 0.060 | 0.068
14 0.057 | 0.055| 0.057
15 0.052 | 0.053 | 0.050
16 0.047 | 0.048 | 0.049
17 0.040 | 0.046 | 0.048
18 0.039 | 0.044 | 0.043
19 0.033 | 0.038 | 0.038
20 0.031 | 0.034 | 0.035
21 0.029 | 0.030 | 0.030
22 0.028 | 0.029 | 0.024
23 0.024 | 0.028 | 0.022
24 0.020 | 0.019 | 0.016
Quantity Design Fundamentals 2-33

NOT FOR SALE



NOT FOR SALE
MSMA 2nd Edition. 2012 | DID Malaysia

2.C3  Region 3: Perak, Kedah, Pulau Pinang and Perlis

No. of Storm Duration

Block 15-min | 30-min | 60-min | 180-min | 6-hr | 12-hr | 24-hr | 48-hr | 72-hr
1 0.215 0.158 0.068 0.060 0.045| 0.040| 0.027 | 0.015| 0.021

2 0.395 0.161 0.074 0.085 0.070 | 0.060 | 0.031| 0.020| 0.023

3 0.390 0.210 0.077 0.086 0.078 | 0.066 | 0.033| 0.026| 0.024

4 0.173 0.087 0.087 0099 | 0.092| 0.034| 0.028| 0.025

5 0.158 0.099 0.100 0113 | 0.114| 0.035| 0.038| 0.028

6 0.141 0.106 0.100 0129 | 0166 | 0.036| 0.039| 0.031

7 0.104 0.100 0121 | 0119 | 0.039| 0.045| 0.044

8 0.098 0.088 0.099 | 0113 | 0.042| 0.046 | 0.049

9 0.078 0.087 0.081 | 0.081| 0.044| 0.052| 0.058
10 0.075 0.085 0.076 | 0.066 | 0.053 | 0.057| 0.063
11 0.072 0.063 0.047 | 0.046 | 0.056| 0.069| 0.074
12 0.064 0.059 0.041 | 0.036| 0.080| 0.086| 0.081
13 0.076 | 0.073 | 0.078
14 0.055 | 0.060 | 0.070
15 0.048 | 0.056 | 0.058
16 0.044 | 0.046 | 0.050
17 0.041 | 0.045| 0.044
18 0.039 | 0.044| 0.044
19 0.036 | 0.039 | 0.030
20 0.034 | 0.035| 0.026
21 0.033 | 0.028 | 0.025
22 0.032 | 0.021| 0.024
23 0.031| 0.017| 0.022
24 0.023 | 0.014 | 0.008
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2.C4 Region 4: Mountainous Area

No. of Storm Duration

Block 15-min | 30-min | 60-min | 180-min | 6-hr | 12-hr | 24-hr | 48-hr | 72-hr
1 0.146 0.117 0.028 0.019 0.019 | 0.041| 0.000| 0.002| 0.005

2 0.677 0.130 0.052 0.019 0.040 | 0.052| 0.002 | 0.007| 0.006

3 0177 0.374 0.064 0.055 0.045 | 0.056 | 0.007| 0.018| 0.011

4 0.152 0.073 0.098 0.060 | 0.059 | 0.009| 0.024| 0.014

5 0.121 0.106 0.164 0.082 | 0120 0.023| 0.027| 0.018

6 0.107 0.280 0.197 0390 | 0253 | 0.026 | 0.033| 0.027

7 0.119 0.169 0171 | 0.157| 0.027 | 0.037| 0.028

8 0.079 0.132 0.062 | 0.065| 0.040| 0.043| 0.035

9 0.066 0.095 0.054 | 0.058 | 0.049| 0.053| 0.056
10 0.058 0.027 0.041 | 0.052| 0.055| 0.062| 0.065
11 0.042 0.019 0020 | 0.048| 0.112| 0.080| 0.116
12 0.028 0.006 0.016 | 0.038 | 0227 | 0.204| 0.171
13 0.142 | 0.081| 0.127
14 0.060 | 0.066 | 0.096
15 0.050 | 0.057 | 0.060
16 0.048 | 0.047 | 0.039
17 0.034 | 0.037 | 0.034
18 0.027 | 0.036 | 0.028
19 0.026 | 0.031| 0.023
20 0.023 | 0.026| 0.016
21 0.008 | 0.018| 0.011
22 0.007 | 0.007 | 0.009
23 0.001 | 0.003 | 0.005
24 0.000 | 0.000 | 0.000
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2.C5 Region 5: Urban Area (Kuala Lumpur)

No. of Storm Duration

Block 15-min | 30-min | 60-min | 180-min | 6-hr | 12-hr | 24-hr | 48-hr | 72-hr
1 0.184 0.097 0.056 0.048 0.033 | 0.003| 0.003 | 0.001| 0.006

2 0.448 0.161 0.061 0.060 0.045| 0.051| 0.011| 0.011| 0.014

3 0.368 0.400 0.065 0.078 0.092 | 0.074| 0.015| 0.015| 0.019

4 0.164 0.096 0.095 0.09 | 0.086| 0.021| 0.018| 0.023

5 0.106 0.106 0.097 0.107 | 0.140 | 0.025| 0.024| 0.027

6 0.072 0.164 0.175 0161 | 0206 | 0.032| 0.027| 0.040

7 0.108 0.116 0118 | 0.180 | 0.047 | 0.031| 0.049

8 0.103 0.096 0102 | 0107 | 0.052| 0.033| 0.050

9 0.068 0.093 0.096 | 0.081| 0.055| 0.041| 0.054
10 0.065 0.062 0.091 | 0.064| 0.076| 0.068| 0.067
11 0.058 0.050 0.037 | 0.007 | 0.087| 0.129| 0.072
12 0.050 0.030 0.023 | 0.003| 0103 | 0.142| 0.110
13 0.091| 0.132| 0.087
14 0.080 | 0.09 | 0.070
15 0.075| 0.053 | 0.060
16 0.054 | 0.036| 0.052
17 0.048 | 0.033 | 0.050
18 0.035| 0.030| 0.047
19 0.027| 0.026 | 0.031
20 0.023 | 0.020 | 0.025
21 0.017 | 0.017 | 0.022
22 0.012 | 0.012 | 0.014
23 0.009 | 0.004 | 0.009
24 0.002 | 0.001 | 0.003
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APPENDIX 2.D EXAMPLE - IDF CURVE DEVELOPMENT

Problem:

Develop IDF curves for 2, 5, 10, 20, 50 and 100 year ARI using the annual maximum rainfall data of 5, 10, 15,
30,60, 180, 360, 540, 720, 900 and 1440 minutes durations for a raingauge station located at Ampang, Selangor.
The required rainfall data is given in Table 2.D1.

Table 2.D1: Annual Maximum Rainfall Data at Ampang Station

Year Annual Maximum Rainfall (mm) Data for Various Durations (minutes)
5 | 10| 15 [ 30 | 45 | 60 | 120 | 180 | 360 | 540 | 720 | 900 | 1440

1980 | 202 353 408 53.0 598 654 725 725 725 725 725 1224 1235
1981 | 343 410 452 495 626 652 761 872 975 113.0 113.0 113.0 1145
1982 | 223 263 359 549 643 691 890 8.0 89.0 89.0 89.0 89.0 1025
1983 | 125 157 235 46.0 657 84.7 111.0 111.0 111.0 113.0 113.0 113.0 1195
1984 | 389 445 502 672 755 755 755 755 840 908 925  93.0 93.0
1985 50.1 504 50.7 516 528 58.1 74.8 83.5 84.0 84.0 84.5 89.5 1185
1986 | 322 365 365 382 543 590 779 895 101.7 1070 1088 1352 1815
1987 84 110 127 254 350 467 640 640 640 64.0 64.0 64.0 74.0
1988 | 345 345 345 533 695 858 103.0 103.0 103.0 103.0 103.0 103.0 103.0
1989 | 119 237 315 315 386 420 568 645 785 831 915 111.0 1155
1990 | 187 33.0 33.0 33.0 424 544 595 595 610 66.0 66.0  66.0 88.0
1991 52 104 156 312 400 477 632 680 860 86.0 86.5 865 95.2
1992 88 175 237 289 420 51.7 89.7 107.0 107.0 1070 107.0 107.0 107.0
1993 | 101 203 301 548 714 86.3 1050 119.0 1215 1215 1215 1224 1245
1994 170 204 249 430 498 54.2 72.0 721 770 77.0 77.0 77.0 77.0
1995 | 275 302 340 425 509 574 655 66.0 665 665 67.0  67.0 82.5
199 | 87.0 87.0 870 870 870 870 870 870 870 870 87.0 87.0 87.0
1997 | 313 392 471 485 485 503 654 792 1093 1135 1135 1135 1135
1998 | 255 295 318 418 511 56.0 590 595 59.7 598 60.0 60.1 61.6
1999 | 269 302 335 443 576 693 845 1035 1125 1125 1125 1125 119.0
2000 | 211 269 353 498 584 65.6 973 1046 1116 111.7 1119 1120 1161
2001 | 205 295 390 669 872 95.6 1137 1141 1181 1184 1191 1193 140.1
2002 | 196 334 411 617 813 94.0 1158 1175 1184 1187 1191 1386 139.0
2003 165 256 355 660 957 1027 1100 1105 1107 1109 111.0 111.0 1334
2004 | 585 585 585 585 678 779 897 919 923 925 925 925 1282
2005 | 146 270 367 621 705 832 908 910 994 103.6 1043 105.0 110.0
2006 151 282 392 687 876 111.6 140.7 1429 1443 1446 1447 1449 1450
2007 | 183 298 428 698 905 1032 133.1 1373 1377 1380 1381 1383 1919
2008 | 182 276 340 61.0 81.0 876 900 901 903 905 981 983 98.5
2009 | 11.8 215 271 455 617 724 760 761 763 764 1178 1391 1394
Solution:
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Reference Calculation Output

Figure 2.1 Step 1: Collect annual maximum rainfall data of selected durations from the
Ampang station, which is given in Table 2.D1.

Figure 2.1 Step 2: Calculate the cumulative rainfall value for each duration to check the | Figure
consistencies by mass curve method. A sample mass curve is shown in Figure 2.D1 | 2.D1
for the storm duration of 24 hours.

Figure 2.1 Step 3: Fit the Raw Rainfall Data to Various Frequency Distributions. For this | Table
purpose, calculate the mean and standard deviation for the annual maximum | 2.D2.
rainfall values of each duration, as shown in Table 2.D2.

Figure 2.1 Step 4: Select the Most Suitable Frequency Distribution Method that fits the Data.
Various statistical distribution should be used to determine the most suitable
method that fits the data set best. This step is required to estimate the design
rainfall of various ARIs. The Gumble distribution is used in this example, which
used the following equation.

RF7 = RFpean + 0K

where,
RFr = The magnitude of the rainfall for a return period of T year;
RFyean = The arithmetic mean value of the annual rainfall values of
various durations;
o) = The standard deviation from the mean;
K = The frequency factor for extreme values, which depends on

the type of distribution used.

Figure 2.1 Step 5: Calculate the Amounts of Rainfalls for Various Duration and Selected ARIs | Table
(2, 5,10, 20, 50 and 100 year). Calculate the frequency factors for the required ARIs | 2.D3
as given in Table 2.D3. Multiply the standard deviation values with the | and
corresponding frequency factors of various ARIs and add to the mean annual | 2.D4
maximum rainfall values to get the design rainfall as given in Table 2.D4.

Figure 2.1 Step 6: Convert the Rainfall into Intensity (Table 2.D5) and Plot Various Durations | Table
in the Log-Log Graph for the Selected ARIs. Plot the data of Table 2.D4 to get the | 2.D5
IDF curves, as shown in Figure 2.D2. If the graphs are not smooth based on the | and

actual statistical data, adjust the data to produce smooth graphs. Figure
2.D2

Table 2.D2: Calculation of Mean and Standard Deviation for the Data given in Table 2.D1

Annual Maximum Rainfall (mm) for Various Durations (minutes)
5\10\15|30\45\60|120|180\360\540|720\900|1440
Mean | 246 315 371 512 634 720 870 912 957 974 996 1044 1148

Std. 169 149 136 142 169 189 21.9 22.2 21.7 218 21.5 23.5 28.7
Dev.

Term
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Table 2.D3: Calculation of Frequency Factors for the Selected ARIs

ARI (Year) Frequency Factor
2 -0.1681
5 0.7371
10 1.3379
20 1.9134
50 2.6585
100 3.2166

Table 2.D4: Calculation of Design Rainfall Depths for Various ARIs

ARI Design Rainfall (mm) Data for Various Storm Durations (minute)
(Year) 5 10 15 30 60 180 540 720 900 1080 | 1440
2 212 294 367 553 670 770  86.6 87.9 93.9 99.9 1109
5 23.1 320 400 601 753 8.3  96.0 972 1032 109.2 1202
20 25.5 355 444 664 860 9.0 1082 1093 1153 1213 1323
50 271 377 471 704 928 1028 1159 1170 1230 129.0 140.0
100 28.3 393 491 734 979 1079 1217 1227 1287 1347 1457
Table 2.D5: Calculation of Design Rainfall Intensities for Various ARIs
ARI Design Rainfall Intensities (mm/hr) for Various Storm Durations (minute)
(Year) 5 10 15 30 60 180 540 720 900 1080 | 1440
2 216.00 17393 146.89 99.31 80.68 68.81 41.63 2916 1535 1041 7.99
5 260.62 21528 181.55 12647 101.09 8590 51.55 3587 18.62 12.60 9.61
20 300.00 247.74 206.54 142.56 114.63 9725 5812 40.32 20.80 14.05 10.69
50 348.34 287.74 237.68 159.22 127.61 108.12 64.43 4459 2288 1545 11.72
100 | 389.05 325.09 27416 18155 14441 12219 7258 5011 2557 1725 13.05
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Figure 2.D1: Mass Curve to Check Consistency of the Raw Rainfall Data (24 hours Duration)
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APPENDIX 2.E EXAMPLE - DESIGN TEMPORAL PATTERNS

Problem:

Determine the design rainfall temporal pattern for the raw data given in Table 2.E1.

Table 2.E1: Recorded Rainfall Data for Temporal Pattern

A | B | C D | E|] F | G| H
Storm Duration = 25 min . .
Number of Intervals = 5 Rain (mm) at 5-minute Interval
Date TotalRain | o | 15t | 20a | 3 | 4m | 5m
(mm)
12.01.1972 58.7 1 9.2 12.8 12.8 12.8 111
07.12.1983 58.3 2 8.0 11.7 14.0 13.3 11.2
21.07.1992 54.0 3 9.5 12.3 11.2 10.9 10.2
03.12.1985 52.3 4 11.2 17.3 9.3 4.0 10.5
19.01.1999 51.1 5 48 13.3 12.0 10.7 | 10.3
27.04.2003 50.0 6 10.7 7.2 10.9 11.2 10.0
14.06.2005 46.7 7 9.3 10.3 9.7 9.0 8.3
30.06.1989 43.7 8 11.2 10.7 9.3 7.0 5.5
04.02.1990 40.9 9 8.1 8.9 9.9 6.9 7.1
17.11.2001 40.2 10 9.6 12.8 10.7 4.0 3.1
Solution:
Reference Calculation Output
Step 1: Select the required storm duration and find about ten (10) dates of
extreme most rainfall events, as given in Table 2.E1.
Step 2: Collect the rainfall amounts from the nearby automatic rainfall
station for the required intervals as given in Table 2.5. The selected highest
storm burst with dates and total rainfall amount are collected from the raw
rainfall data of 5 minutes interval and listed in Table 2.E1. The Table also
shows the distribution of raw rainfall data for the most extreme events in
that area. Data of Column D to H are extracted from the five minute rainfall
intervals.
Step 3: Assign rank for each interval based on the rainfall amount (1 for the Table 2.E2
highest amount and so on). This arrangement is given in columns I to M of
Table 2.E2. For same rainfall amounts in the intervals, the average ranks
should be used, as shown in the first event of Table 2.E2.
Step 4: Determine percentage of rain occurred in each interval as given in Table 2.E2
columns N to P of Table 2.E2
Quantity Design Fundamentals 2-41
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Reference Calculation Output
Step 5: Calculate the mean ranks (columns I to M) and percentages of rainfall Table 2.E2
(columns N to P) for each interval as given in the row (MV).

Step 6: Assign the mean percentages of rainfall for each interval based on the Table 2.E2
new mean rank as given in the row (NR for columns I to M).
Step 7: Convert the percentage rainfall into fraction of total rainfall and plot the Table 2.E2
temporal pattern (TPF for column I to M).
Step 8: Multiply the TPF values with the design rainfall amount (mm) to get
the distribution of rainfall in each time interval.
Table 2.E2: Calculation for the Determination of Design Rainfall Temporal Pattern
A | B | C D] EJF|G|H[]IT]J][K]L|[M[N][M[N]JO]P

Storm Duration = 25 min
Number of Intervals =5

Rain (mm) at 5-minute Interval

Rank of Each Rainfall Interval
(Mean Rank for the Intervals
with Same Rainfall Values)

Percentage of Rain for
the Interval

Date };‘:;11 Rank | 1st 2nd 3rd 4th 5th Ist | 2nd 3rd 4th Stho | st | 2nd | 3rd | 4th | 5th
(mm)
12.01.1972 | 58.7 1 92| 128 | 128 | 128 | 11.1 | 5.0 | 20 20| 20| 40| 16| 22| 22| 22| 19
07.12.1983 | 58.3 2 80| 11.7 | 140 | 133 | 112 | 4.0| 3.0 1.0 20| 50| 14| 20| 24 | 23| 19
21.07.1992 | 54.0 3 95| 123 | 11.2| 109 | 102 | 50| 1.0 20| 30| 40| 18| 23| 21| 20| 19
03.12.1985 | 52.3 4 112 | 173 | 93| 40| 105| 20| 1.0 40| 50| 30| 21| 33| 18| 8| 20
19.01.1999 | 51.1 5 48| 133 | 120 | 107 | 103 | 50| 1.0 20| 30| 40| 9| 26| 23| 21| 20
27.04.2003 | 50.0 6 107 | 72| 109 | 11.2 | 100 | 3.0 | 5.0 20| 1.0| 40| 21| 14| 22| 22| 20
14.06.2005 | 46.7 7 931103 | 97| 90| 83| 30| 10 20| 40| 50| 20| 22| 21| 19| 18
30.06.1989 | 43.7 8 112 | 107 | 93| 70| 55| 10| 20 30| 40| 50| 26| 24| 21| 16| 13
04.02.1990 | 40.9 9 81| 89| 99| 69| 71| 30| 20 1.0 50| 40| 20| 22| 24| 17 | 17
17.11.2001 | 40.2 10 96| 128 | 107 | 40| 31| 3.0| 1.0 20| 40| 50| 24| 32| 27| 10| 8
Mean Value (MV) 34| 19 21| 33| 43| 19| 24| 22| 18| 17
New Rank (NR) 4 1 2 3 5 3 1 2 4 5
. o
peieveicill RO R I N
Eff;fgii‘?%’;;;‘l Pattern, | 018 | 024 | 022 | 019 | 0.17
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Figure 2.E1: Design Rainfall Temporal Pattern

For a 100 yr ARI rainfall with total 70 mm and 25 min duration, the distribution design rainfall, based on Figure
2.E1, is given in Table 2.E3 below.

Table 2.E3: Distribution of Design Rainfall according to the Temporal Pattern

Storm Duration = 25 min
Number of Intervals =5

Rain (mm) at 5-minute Interval

Total Design Rainfall (mm) " d " 0 "
for 100 year ARI 1 2 3 4 >
70.0 126 | 168 | 154 | 133 | 119
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APPENDIX 2.F EXAMPLE - RUNOFF QUANTITY ESTIMATION

2.F1 Rational Method and RHM

Problem:

Using Rational Method procedure to calculate a 20 year ARI peak discharge from a subcatchment area of 40.7
ha in Wangsa Maju, Kuala Lumpur (Figure 2.F1). Also develop the runoff hydrograph using the RHM for drain
AB based on 5 and 10 minute durations design storms.

<& AL

Slbatichy sl!?hiz_L!
: /ib‘"

Legend
_—

L]

—>— Natural Drain

Drain

= === Catchment Boundary

Subcatchment Boundary ]
N Meter

Building

Solution:

Figure: 2.F1: Drainage Subcatchment Wangsa Maju

Reference

Calculation

Output

Table 2.5

Step 1:Delineate the subcatchments, as shown in Figure 2.F1. The

Step 2:

Step 3:

subcatchments in this example are identified as 1, 2, 3 and 4 (Table
2.F1).

Calculate the subcatchment areas. The area for subcatchment 1 is 3.87
ha, subcatchment 2 is 4.95 ha, subcatchment 3 is 8.61 ha, and
subcatchment 4 is 23.22ha.

Select runoff coefficient (C). The C value for subcatchment 1 is 0.8 for
flat and apartment area, 0.4 for open spaces (grass cover), for
subcatchment 2 contain two types of landuse, which is 0.8 for flat and
apartment area, 0.4 for open spaces (grass cover), for subcatchment 3
contain two type of landuse which is 0.75 for condominium area and
0.5 for open spaces (bare soil), and for subcatchment 4 also contain
two types of landuse which is 0.9 for commercial and business
centres and 0.4 for open spaces (grass cover).

Table
2.F1
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Reference Calculation Output
Equation Step 4: Calculate C,yg values.
24 Cavg=[(3.67 x 0.80) + (0.2 x 0.4)] /(3.67 + 0.2) 0.78
Step 5: Determine overland sheet flow path length, L, for the flow paths in Table
every subcatchment to calculate the time of concentration of each 2.F2
subcatchment. Follow the guideline in Table 2.F2 to estimate L.
Step 6: Determine slope of overland surface in percent (%) .
S = [(68 - 66)/53.5] x 100% 3.74%
Table 2.1 Step 7: Calculate t,. Use the Horton’s n* Value (use n*=0.015 from Table 2.2).
Table 2.2. , _ 107017 107x0.015x53.5'" 4.6 min
¢ st/ 3.74'°
Figure 2.F1 | Step 8: Determine channel length, L, for the channels in every subcatchment.
Step 9: Calculate area of the channel (triangular shape with slope = 1:2).
From the site visit the depth of the channel is assumed at 0.3 m and
width=1.2m
Step 10: Calculate wetted perimeter of the channel (P)
P =2(0.62 + 0.32)1/2 1.34m
Step 11: Calculate hydraulic radius by, R = A/P
A=1/2x03x1.2
= 0.18 m?
R=0.18/1.34 0.134 m
Step 12: Determine the friction slope of the channel, s (m/m) by dividing the
different elevation by the length of channel.
S =(66-62)/200 0.02
m/m
Table 2.1 Step 13: Calculate travel time in channel, tq (use #=0.015 from Table 2.3).
Table 2.3 fo= n.L _ 0.015x 200
TT60RYIST? T 60x0.1347/% x0.02 172 1.4 min
Step 14: Calculate time of concentration by using equation below.
te= 1t +t
—46+14 6.0 min
Step 15: Calculate Peak Discharge, Q (Table 2.F3) Table
2.F3
Drain AB:This drain discharge water from subcatchments 3 and 4. From
Table 2.F1 Az = 8.61ha, C; = 0.57, and the #. = 4.4 min, while A, =
23.22ha, C4; = 0.51, and the . = 7.5 min. Hence, the total area
drained by drain AB is 31.83ha and
Y CA = C3A3+ CiAy = (0.57x8.61) + (0.51x23.22) 16.75ha
) The time of concentration used is 7.5 min the larger of two drain
Equation times. The rainfall intensity, i is taken from Table 2.B1 for 20 year
23

return period storm duration and 7.5min time of concentration at
Ibu Pejabat JPS Station, 300.36mm/hr. Calculate peak flow, Qpea.
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Reference Calculation Output

Drain BC: This drain conveys flow from all 4 subcatchments. Subcatchment 3
and 4 through drain AB, while subcatchment 2 and 1 directly to
point B. There are thus 3 possible paths for water to reach at point
B. The time of concentration is the largest of the flow times. The
flow time for flowing coming from drain AB is 7.5 min plus 1.18
min travel time = 8.7 min; the flow time from subcatchment 1 and
2 is 6.0 min and 4.8 min, respectively. Thus, the time of
concentration for pipe BC is taken as 8.7 min. Then for rainfall
intensity and Qpeak, use the same method for the previous drain.

Table 2.F1: Characteristics of the Drainage Catchment

Runoff Coefficient, C A
Area (ha) rea
Subcatchment (Table 2.5) Weighted
D Landuse C
Developed | Undeveloped | Developed | Undeveloped
Area Area Area Area
1 Condo 3.67 0.20 0.80 0.40 0.78
2 Apartment 3.22 1.73 0.80 0.40 0.66
3 Terrace 2.37 6.24 0.75 0.50 0.57
4 Industry 5.10 18.12 0.90 0.40 0.51
Table 2.F2: Calculation of Time of Concentration (t)
Subcatchment Lo S, % | to, min L4 A P R S, m/m | tg, min | t, min
1 53.50 3.74 4.6 200.00 | 018 | 1.34 | 0.134 0.02 1.4 6.0
2 97.67 | 46.10 3.4 47400 | 0.18 | 1.34 | 0.134 0.11 1.4 4.8
3 64.82 | 30.85 3.2 49120 | 0.18 | 1.34 | 0.134 0.15 1.2 44
4 98.93 | 50.54 3.4 1054.00 | 018 | 1.34 | 0.134 0.06 41 7.5
Table 2.F3: Calculation for Peak Discharge, Q
. Total Area . Flow, Q
Drain (ha) YCA te (min) | I (mm/hr) (m3/s)
AB 31.83 16.750 7.5 300.36 13.98
BC 40.65 23.036 8.7 281.83 18.03
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Hydrograph Development using RHM

Reference Calculation Output

Table 2.F3 Step 1: Select the drain AB for which the hydrograph need to be generated.

Figure 2.F1 | Step 2:Determine whether the storm duration (d) is shorter or longer than
the time of concentration (t) of the drain. This information is
necessary to determine the type of the hydrograph by RHM. In this
Figure 2.5 case, when the d is 5 minutes (d < t.) it will be type 2 hydrograph and
when the d is 10 minutes (d > t.) it will be type 1 hydrograph.

Step 3: Now for the storm duration (d) of 10 minutes which is longer than
the t, follow similar procedure and construct a trapezoidal
hydrograph with height as 13.98 m3/s and base as d+t.=10+7.5= 17.5
minutes, as shown in Figure 2.F2(a). The coordinates of the

Table 2.F3 triangular hydrograph are A(0,0), B(7.513.98), C(10,13.98) and Figure
Figure 2.5(a) D(17.5,0) 2.F2(a)
Step 4: When d=5 minutes, base of the hydrograph will be 2t.=2x7.5=15
minutes.
Step 5: Construct a triangular hydrograph with height as 13.98 m3/s and
Fi 2 5(b base as 15 minutes, as shown in Figure 2.F2(b). The coordinates of Figure
igure 2.5(b) the triangular hydrograph are A(0,0), B(7.5, 13.98) and C(15,0). 2.F2(b)
15 15
> - -
£ 10 E 10
o o I
& -
A - A
O frrrrrrrrrrrrrrrrorT O frrrrrrrrrrrrr Yy
0 5 10 15 20 0 5 10 15 20
Time (minutes) Time (minutes)
a)d >t b) d <t
Figure 2.F2 : Hydrographs by RHM
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2F2  Time-Area Hydrograph Method

Problem:

Using the Time-Area Hydrograph Method calculate a 20 year ARI runoff hydrograph from a 97 hectare mixed
urban area located in Wangsa Maju, Kuala Lumpur. The study area is shown in Figure 2.F3.

J
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=== =

Figure 2.F3: Catchment Area in Wangsa Maju, Kuala Lumpur

Solution:
Reference Calculation Output
A. Isochrone Development
Step 1: Setting grid system Figure
2.F4
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Reference

Calculation

Output

Table 2.1

Table 2.1

Table 2.B1

Equation 2.2

Appendix
2.C5

Table 2.6

Step 2: Estimate overland flow time, ¢,

1070 .13
to - 51/5

Step 3: Estimate drain time, tq
n.L

47 GORY3 5172

However, flow velocity through the drain channel is assumed, in this

example, 1m/s for the sake of simplicity.

Step 4: Calculate ¢ at each grid point

Step 5: Plot contour of equal t. for 5 minute interval to produce isochrones; 5,
10, 15, 20, and 25 min

Step 6: Estimate area between isochrones using AutoCAD
Step 7: Calculate rainfall excess

By using rainfall data of 20 year ARI and 30 minutes duration at station Ibu
Pejabat JPS, Kuala Lumpur in Table 2.B1, rainfall intensity is:

. AT®
T avey
= 61.976 x 200145
(0.5 +0.122)0818
=141.11mm/hr

Total Rainfall = 141.11 x (30/60) = 70.56mm

By using Appendix 2.C5, rainfall temporal pattern is obtained from fraction
for 30-min storm duration as follows :

0-5 :0.097 x 70.56 = 6.84mm

5-10 :0.161 x 70.56 = 11.36mm

10-15:0.400 x 70.56 = 28.22mm

15-20:0.164 x 70.56 = 11.57mm

20-25:0.106 x 70.56 = 7.48mm

25-30:0.072 x 70.56 = 5.08mm

Using Table 2.6 to assume the losses, in decay form, as follows :
0-5 :3.5mm
5-10 :3.0mm
10-15: 2.5mm

Table
2.F4

Table
2.F4

Table
2.F4

Figure
2.F5

Table
2.F5
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15-20 : 2.0mm
20-25: 1.5mm
25-30 : 1.0mm

Rainfall Excess = Rainfall Temporal Pattern - Losses
0-5 :6.84-3.5=334mm
5-10 :11.36 - 3.0 = 8.36mm
10-15:28.22 - 2.5 =25.72mm
15-20 : 11.57 - 2.0 = 9.57mm
20-25:7.48 - 1.5 = 5.98mm
25-30:5.08 - 1.0 = 4.08mm

Step 8: Calculate hydrograph ordinate

Step 9: Identify the peak discharge

From the Table 2.F7 or Figure 2.F6 the peak discharge is

Table
2.F6

Table
2.F7

Figure
2.F6

32.81
m3/s.
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Table 2.F4: Calculation Time of Concentration

Gridno. | L4 (m) L, (m) n* S (%) to (min) | V(m/s) | ta(min) | tc(min)
A6 140.44 101.83 0.015 0.5 8.6 1.0 2.3 11.0
A7 202 133.1 0.015 0.5 9.4 1.0 3.4 12.8
B5 78.58 - - - - 1.0 1.3 1.3
B6 167.63 - - - - 1.0 2.8 2.8
B7 258.38 37 0.015 0.5 6.1 1.0 4.3 10.4
B8 375.11 22.25 0.015 0.5 52 1.0 6.3 11.4
B9 547.27 8.44 0.015 0.5 3.8 1.0 9.1 12.9
c5 180.81 12.28 0.015 0.5 43 1.0 3.0 7.3
Co 191.56 88.22 0.015 0.5 8.2 1.0 3.2 11.4
c7 297.05 71.38 0.015 0.5 7.6 1.0 5.0 12.6
C8 397.1 19.2 0.015 0.5 49 1.0 6.6 11.6
(@) 470.35 71.03 0.015 0.5 7.6 1.0 7.8 15.5
C10 698.4 - - - - 1.0 11.6 11.6
D5 300.33 - - - - 1.0 5.0 5.0
D6 329.84 20.51 0.018 0.5 6.1 1.0 5.5 11.6
D7 543.55 23.32 0.018 0.5 6.3 1.0 9.1 154
D8 457.39 25.15 0.018 0.5 6.5 1.0 7.6 14.1
D9 528.72 49.41 0.018 0.5 8.1 1.0 8.8 16.9

D10 633 78.56 0.018 0.5 9.5 1.0 10.6 20.0
D11 736.21 146.81 0.018 0.5 11.7 1.0 123 23.9
E4 514.4 - - - - 1.0 8.6 8.6
E5 312.32 106.01 0.018 0.5 10.5 1.0 52 15.7
E6 534.59 - - - - 1.0 8.9 8.9
E7 626.41 24.81 0.018 0.5 6.5 1.0 10.4 16.9
E8 513.82 87.91 0.018 0.5 9.8 1.0 8.6 18.4
E9 598.97 - - - - 1.0 10.0 10.0
E10 700.41 - - - - 1.0 11.7 11.7
El1 795.95 21.73 0.018 0.5 6.2 1.0 13.3 194
F3 827.07 35.29 0.018 0.5 7.3 1.0 13.8 21.0
F4 756.59 - - - - 1.0 12.6 12.6
F5 631.7 - - - - 1.0 10.5 10.5
F6 536.7 - - - - 1.0 8.9 8.9
F7 748.69 17.25 0.018 0.5 5.7 1.0 12.5 18.2
F8 869.59 - - - - 1.0 14.5 14.5
F9 954.2 - - - - 1.0 15.9 15.9
F10 745.74 43.69 0.018 0.5 7.8 1.0 12.4 20.2
F11 828.38 19.46 0.018 0.5 6.0 1.0 13.8 19.8
F12 1009.78 15.88 0.018 0.5 5.6 1.0 16.8 224
G4 981.95 51.69 0.018 0.5 8.2 1.0 16.4 24.6
G5 624.4 99.51 0.018 0.5 10.3 1.0 10.4 20.7
G6 638.56 42.88 0.018 0.5 77 1.0 10.6 18.4
G7 775.02 152.36 0.018 0.5 11.8 1.0 12.9 24.7
G8 966.13 22.37 0.018 0.5 6.2 1.0 16.1 22.3
G9 863.39 - - - - 1.0 14.4 14.4
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Table 2.F4: Calculation Time of Concentration (Continued)

Gridno. | L4 (m) L, (m) n S (%) to (min) | V(m/s) | ta(min) | tc(min)
G10 830.13 39.1 0.018 0.5 7.5 1.0 13.8 213
Gl11 899.7 88.56 0.018 0.5 9.9 1.0 15.0 24.9
G12 1108.96 42.6 0.018 05 7.7 1.0 18.5 26.2
H3 1000 95.92 0.018 3.43 6.9 1.0 16.7 23.6
H4 944.6 27.04 0.018 222 49 1.0 15.7 20.7
H5 852.6 - - - - 1.0 14.2 14.2
Heé 751.78 16.37 0.018 23 2.6 1.0 12.5 15.1
H7 710.12 76.6 0.018 17 4.6 1.0 11.8 16.5
H8 973.69 76.85 0.018 314 4.1 1.0 16.2 20.3
H9 908.11 100.11 0.018 25.4 4.7 1.0 15.1 19.8
H10 908.99 63.86 0.018 111 4.8 1.0 15.1 19.9
H11 902.89 157 0.018 3.38 8.1 1.0 15.0 232
H12 12254 - - - - 1.0 20.4 20.4

I3 1087.2 61.9 0.018 0.9 7.8 1.0 18.1 25.9
14 1011.6 - - - - 1.0 16.9 16.9
I5 896.86 35.18 0.018 0.4 7.6 1.0 14.9 225
I6 880.33 65.93 0.018 34 3.8 1.0 14.7 18.5
17 796.26 164.71 0.018 37.24 5.1 1.0 13.3 18.4
I8 1030.23 71.77 0.018 22.67 43 1.0 17.2 21.5
19 1024.6 57.79 0.018 12.41 4.5 1.0 17.1 21.6
110 958.8 123.63 0.018 4.9 7.0 1.0 16.0 23.0
111 923.51 201.87 0.018 1.1 11.0 1.0 154 26.4
112 1318.7 28.14 0.018 10.7 3.6 1.0 22.0 25.6
J4 1035.5 86.72 0.018 36.0 4.2 1.0 17.3 214
J5 995.64 29.53 0.018 373 2.9 1.0 16.6 19.5
J6 998.59 70.44 0.018 42.0 3.8 1.0 16.6 20.4
J7 931.68 179.89 | 0.018 38.1 5.2 1.0 15.5 20.8
J8 1030.23 | 151.48 0.018 29.0 5.2 1.0 17.2 224
]9 1622.78 | 47.58 0.018 32.6 35 1.0 27.0 30.5
J10 1540.87 - - - - 1.0 25.7 25.7
J11 144319 | 26.86 0.018 22 3.1 1.0 241 27.2
J12 1385.47 | 80.71 0.018 7.31 5.6 1.0 23.1 28.7
K3 1169.14 | 92.02 0.018 60.9 3.8 1.0 19.5 233
K4 1056.37 | 139.61 0.018 64.1 43 1.0 17.6 22.0
K5 1083.1 37.39 0.018 54 2.9 1.0 18.1 21.0
K6 1078.29 | 65.58 0.018 63.5 34 1.0 18.0 214
K7 1040.3 174.25 0.018 46.8 5.0 1.0 17.3 223
K8 1742.31 42.35 0.018 70.8 2.9 1.0 29.0 31.9
K9 1690.2 36.24 0.018 414 3.0 1.0 28.2 31.2
K10 1494.02 | 111.44 0.018 2243 5.0 1.0 249 29.9
K11 1498.53 96.72 0.018 30 4.5 1.0 25.0 29.5
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Table 2.F5: Areas between the Isochrones

ID Isochrones Area (m?)
Ay 0-5 44449
A 5-10 79304
Aj 10-15 229404
Ay 15-20 213852
As 20-25 160342
Ae 25> 45306

Table 2.F6: Rainfall Excess for 20 year ARI Design Rainfall

_ _ Total Rainfall Rainfall Excess
Time (min) Losses (mm)
(mm) (mm)
5 6.84 35 3.34
10 11.36 3.0 8.36
15 28.22 25 25.72
20 11.57 2.0 9.57
25 748 1.5 5.98
30 5.08 1.0 4.08

Table 2.F7: Time-Area Hydrograph Method

Tigle Area () Rainfall Excess (mm) Hydrograph

(min) 334 | 836 | 2572 | 957 | 598 | 4.08 (m?/s)
0 0 0 0.00
5 44449 0.49 0 0.49
10 79304 088 | 1.24 0 212
15 229404 255 | 221 | 381 0 8.57
20 213852 238 | 639 | 680 | 142 | 0 16.99
25 160342 179 | 596 | 1967 | 253 | 089 | © 30.83
30 45306 050 | 447 | 1833 | 732 | 1.58 | 0.60 32.81
35 126 | 13.75 | 6.82 | 457 | 1.08 27.48
40 388 | 511 | 426 | 3.12 16.38
45 145 | 320 | 291 6.32
50 090 | 218 3.08
55 0.62 0.62
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APPENDIX 2.G EXAMPLE - POND ROUTING
Problem:

Given is a triangular inflow hydrograph with Q, = 10.93 m3/s at t. = 11.65 min (Figure 2.G1). Determine the
outflow hydrograph from a storage pond using the routing procedure in Section 2.5. Given are pond stage-
storage curve (Figure 2.G2) and stage-discharge curve of the outlet structure, orifice and spillway combined
(Figure 2.G3).

12 -
= 3
11 - Q0 =10.93m’/5
10 -
9 i
8 |

Flowrate, Q(m>/s)

N W s U o g
Il

0 TR A R B
0 5 10 15 20 25 30

Time of Concentration, tc (minutes)

Figure 2.G1: Triangular Hydrograph
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Figure 2.G2: Stage-storage Curve
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Figure 2.G3: Stage-discharge Curve (Composite)
Solution
Reference Calculation Output
Develop storage indicator curve Table 2.G1
Figure 2.G4
- For each stage point determine storage(S) and discharge (O)
- For each discharge point determine storage indicator (S»/At + O,/ 2)
Section Develop outflow hydrograph Table 2.G2
2.5 Figure 2.G5
Table 2.G1: Storage Indicator Numbers - Orifice (At = 2.5 min. or 150 sec)
Stage Discharge, O2 Storage Volume, Sz 0,/ 2 S,/ At S,/ At+ 0O/ 2
(m) (m?/s) (m?) (m?/s) (m?/s) (m3/s)
31.00 0.000 0.000 0.000 0.000 0.000
31.50 0.217 486.838 0.109 3.246 3.354
32.00 0.376 1216.161 0.188 8.108 8.296
32.50 0.485 2228.079 0.243 14.854 15.097
33.00 0.574 3562.700 0.287 23.751 24.038
33.50 0.651 5260.137 0.326 35.068 35.393
34.00 2.131 8489.051 1.065 56.594 57.659
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Figure 2.G4: Storage Indicator Curve (Composite)

Table 2.G2: Final Routing Table

Time | Inflow (I) | (I +1)/2 | Si/ At +Oy/ 2 | Outflow (O1) | Sz/ At + O,/ 2 | Outflow (O2)
(hr) | (m/s) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s)
0.00 0.000 0.000 0.000 0.000 0.000 0.000
0.04 2.350 1.173 0.000 0.000 1173 0.078
0.08 4.690 3.520 1173 0.078 4.614 0.463
0.13 7.040 5.866 4.614 0.463 10.017 0.715
0.17 9.390 8.212 10.017 0.715 17.515 0.904
0.21 10.140 9.761 17.515 0.904 26.371 1.040
0.25 7.790 8.963 26.371 1.040 34.295 1.142
0.29 5.440 6.617 34.295 1.142 39.770 1.669
0.33 3.100 4.270 39.770 1.669 42.372 1.971
0.38 0.750 1.924 42.372 1.971 42.324 1.966
0.42 0.000 0.375 42.324 1.966 40.734 1.781
0.46 0.000 0.000 40.734 1.781 38.953 1.574
0.50 0.000 0.000 38.953 1.574 37.379 1.391
0.54 0.000 0.000 37.379 1.391 35.988 1.229
0.58 0.000 0.000 35.988 1.229 34.759 1.148
0.63 0.000 0.000 34.759 1.148 33.611 1.133
0.67 0.000 0.000 33.611 1.133 32.479 1.118
0.71 0.000 0.000 32.479 1.118 31.360 1.104
0.75 0.000 0.000 31.360 1.104 30.257 1.090
0.79 0.000 0.000 30.257 1.090 29.167 1.076
0.83 0.000 0.000 29.167 1.076 28.092 1.062
0.88 0.000 0.000 28.092 1.062 27.030 1.048
0.92 0.000 0.000 27.030 1.048 25.982 1.035
0.96 0.000 0.000 25.982 1.035 24.947 1.022
1.00 0.000 0.000 24.947 1.022 23.926 1.008
1.04 0.000 0.000 23.926 1.008 22918 0.991
1.08 0.000 0.000 22918 0.991 21.927 0.975
1.13 0.000 0.000 21.927 0.975 20.951 0.960
1.17 0.000 0.000 20.951 0.960 19.992 0.944
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3.1 INTRODUCTION

This chapter provides fundamentals on the non-point source (NPS) pollutants from typical urban areas,
estimation of annual pollutant load based on the event mean concentration (EMC) and simplified procedures
required for preliminary sizing and designing stormwater quality control facilities or Best Management
Practices (BMPs). The recommended approach is to adopt performance standards as set out in Chapter 1. For
new development and redevelopment, a minimum overall reduction in the average annual pollutant load is
specified (Table 1.4) compared with the load under existing condition. The targeted reduction is achievable
applying the prescribed BMPs and treatment trains, as presented in the relevant design Chapters.

3.2 POLLUTANT ESTIMATION
321 Typical Runoff Pollutants

Although many different constituents can be found in urban runoff, the focus is primarily on certain pollutants
that can be used as representative indicators of others. The following constituents are recommended as typical
pollutants characterising urban runoff in Malaysia:-

¢ Gross pollutants;

¢ Total suspended solids (TSS);

¢ Biochemical oxygen demand (BOD);

e Chemical oxygen demand (COD);

e Total nitrogen (TN);

e Total phosphorus (TP);

e Copper (Cu);

e Lead (Pb);

e Zinc (Zn);

¢ Oil and grease (O&G); and

e Bacteria (E. coli).
However, in the current practice, BMPs are to be designed based on three types of selected pollutants; namely
gross pollutants, total suspended solids (TSS), and nutrients (TN and TP). These stormwater pollutants are

potentially generated from various landuses as given in Table 3.1.

Table 3.1: Selected Pollutants Generation Potentials (Adapted from Melbourne Water, 2005)

Generation Potentials
Landuse Gross Total Suspended Nutrients
Pollutants Solids (TSS) (TN & TP)
Roads and Highways Low High Low
Residential High High High
Commercial High Medium Medium
Industrial Medium Medium Low
Parks and Agricultural Low Medium High

3.22  Water Quality Volume (WQV)

It is necessary to estimate runoff volumes before any assessment can be made of pollutant loads. Runoff
estimation is necessary to size certain BMPs and also to design the outlet structures of the BMPs. Runoff
volumes (expressed as rainfall depth multiplied by the catchment area and volumetric runoff coefficient, C,)
should be used to determine the BMPs volumes.
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The required water quality volume (WQV) for BMPs can be calculated using Equation 3.1 as follows:

WQV = C,.(Py).A (3.1)
where,
WQV = Water quality volume (m3);
G = Area-weighted volumetric runoff coefficient for the landuse (Table 2.5);
Pq = Rainfall depth for water quality design storm (m); and

A

Contributing drainage area (m?).

The runoff coefficient C for Rational Method (Chapter 2) is a function of rainfall intensity, and therefore of event
ARI In general, the value of average volumetric runoff coefficient C, will be less than that of Rational Method
runoff coefficient C for events of large ARI (say >2 years), and C, will be greater than C for events of small ARI.
However, for the simplicity and without compromising the accuracy, the values of C, can be considered same as
C given in Table 2.5, which would provide safe values as the BMPs are designed for small ARIs.

3.2.3 Load Estimate

Ideally, the identification of sustainable pollutant loads in receiving water should be based on the magnitude of
overall catchment pollutant exports, and the reduction in pollutant loads required to achieve water quality
objectives. Land activities and practices within a catchment contribute to the accumulation of pollutant loads as
a result of stormwater wash off. Event mean concentrations (EMC) for different land activities are to be used to
estimate pollutant loads.

Load estimation, based on the EMC method, is recommended for most practices. This is the simplest but most
widely used method to estimate runoff pollutants from urban areas. However, the reliability of this method
depends on the accuracy of the EMC values for the intended parameters and landuses. Recommended mean
EMC values for various pollutants and landuses are set out in Table 3.2. They are related to level of
housekeeping practices within the selected study areas, namely in Malacca, Damansara and Penang river
catchments and Kajang Municipality.

Table 3.2: Mean EMC Values for Selected Landuses

Pollutants Landuses
Parameter Unit Residential | Commercial | Industrial Highway
TSS mg/L 128.00 122.00 166.00 80.00
Turbidity NTU 122.00 96.00 147.00 69.00
TDS mg/L 131.00 43.00 137.00 38.00
pH - 6.46 6.77 6.66 6.57
BOD mg/L 17.90 22.90 19.30 14.90
COD mg/L 97.00 134.00 140.00 81.00
AN mg/L 0.73 0.85 1.00 0.44
TKN mg/L 2.38 2.53 4.25 1.43
TN mg/L 421 484 5.00 2.25
TP mg/L 0.34 0.32 0.49 0.16
0&G mg/L 2.00 4.00 NA 3.00
7n mg/L 0.19 0.34 0.43 0.21
Pb ng/L 6.00 22.00 12.00 20.00
Cu ng/L 28.00 37.00 42.00 28.00
Cr ug/L 4.00 32.00 31.00 11.00
Ni ng/L 10.00 17.00 30.00 15.00
Cd pg/L 6.00 26.00 5.00 10.00

Source: Local stormwater studies conducted by DID in Malacca, Damansara, Penang and Kajang
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The load estimated by EMC method is

L=R.EMC.A.C, /100 (3.2)
where,

L = Annual pollutant load (kg/year);

R = Mean annual rainfall-MAR (mm/ year);

EMC = Event mean concentration (mg/L);

A = Catchment area (ha); and

C, = Area-weighted volumetric runoff coefficient for the whole catchment (Table 2.5).

3.3 POLLUTANT CONTROL

Stormwater pollutants can be particulates, dissolved substances and floatables (litters and hydrocarbons).
Physicochemical nature of each group of pollutants is different. Therefore, mechanism to remove them from the
water is also different, which are briefly discussed below.

3.3.1 Particulate Pollutants

Particulates are the primary pollutants found in stormwater and are removed through sedimentation and
filtration. Sedimentation occurs when particles have a greater density than the surrounding liquid. Under
laboratory quiescent conditions, it is possible to settle out very small particles; the smallest practical settling size
in the field is around 0.01 mm (Metcalf & Eddy, 1979). Sometimes, the smallest particles become electrically
charged, which can further interfere with their ability to settle out. The Newton’s and Stoke’s laws are often
used to quantify the sedimentation process. More information on sedimentation theory, including Stokes” and
Newton’s laws, can be found in other references (Hazen, 1904).

Particulates can also be removed by filtration through use of infiltration facilities. The mechanism is different
from sedimentation process, where media is used for example sand, to increase the efficiency of the pollutant
filtration process. Excellent removal of suspended solids in field bioretention systems has been reported
elsewhere (Li and Davis, 2009).

3.3.2 Dissolved Pollutants

Dissolved pollutants are mainly removed through adsorption, microbial fixation, biochemical degradation and
plant uptake (phytoremediation). However, the dominancy of the process mechanism depends on the type of
BMPs. Soil or plant-based media is required to remove the dissolved pollutants (Metals, TN, TP, BOD, COD,
pesticides, herbicides, etc.).

Two most common BMPs used to remove dissolved pollutant from stormwater are wetlands and bioretention
facilities. Wetlands support various types of microphytes and macrophytes that either absorb or adsorb
dissolved pollutants from the storm runoff. On the other hand removal of dissolved pollutants by bioretention
facility is mainly done by media and plant uptakes. This is because due to the dry nature of the bioretention
system, the number of microbial aquatic organism (e.g. algae) will be less, which plays important role in
removing micronutrients of low concentrations.

3.3.3 Floatable Pollutants

Floatable pollutants in the storm runoff can be in the form of litters (refuse or trash) or oil and grease (floating
hydrocarbon). The litters are floating or submerged particles large enough to be removed by screen, trash rack,
nets and other mechanical devices. Opening of the litter trapping devices depend on the size of the particles to
be trapped. However, fine screens pose high potential to choke or clog the drainage system. Therefore, captured
floatable pollutants should be removed from the gross pollutant trap at the soonest possible time, preferably
before the next storm occurs.
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The removal of floating oil and grease (hydrocarbon) is based upon the rise rate velocity of oil droplet and rate
of runoff. However, with the exception of stormwater from oil refineries there are no data describing the
characteristics of petroleum products in urban stormwater that are relevant to design; either oil density and
droplet size to calculate rise rate or direct measurement of rise rates. Further, it is known that a significant
percentage of the petroleum products are attached to the fine suspended solids and therefore are removed by
settling (API, 1990).

34 BMPs FACILITIES

This Section provides types, treatment objectives and guidance for the selection of a stormwater treatment
system (BMPs). They should be carefully selected based on site-specific conditions and the overall management
objectives of the catchment.

The selection process has the following aspects:

e Identification of problems and treatment objectives;
e Familiarisation with capabilities of the alternative treatment devices and treatment mechanisms;
e Familiarisation with constraints on use of various treatment devices; and

e (Cost considerations.

The advantages or disadvantages of each BMPs facility, constraints on use and some factors likely to affect cost
are summarised.

341 Types

Only the more universally accepted BMPs types are recommended for present use. They are infiltration
facilities, bioretention facilities, swales, gross pollutant traps and water quality pond and wetlands. It is to be
expected that more newer and improved BMPs facilities will be developed worldwide and the designer should
keep up-to-date with these in the future.

(a)  Infiltration Facilities

Infiltration devices can take a number of structural forms including pits, trenches, or basins. All of these
devices work by storing stormwater flow and promoting infiltration into the soil. They are primarily for
removing soluble and fine materials from stormwater.

(b)  Bioretention Facilities

These devices use a filtering action to remove pollutants, mainly particulate material. Two types of filtration are
used: biofiltration, using biological methods, and media filtration through porous media such as sand.
Bioretention facilities are good for abstracting nutrients and fine colloidal particles, which are difficult to be
retained in sediment basins and water quality ponds.

(c) Gross Pollutant Traps

Gross pollutant traps (GPTs) remove floating and submerged gross litter, hydrocarbons and coarse solids. They
can be either built in-situ or pre-fabricated. The GPTs mainly help improve the visual quality of the storm
runoff. However, these facilities require frequent maintenance for them to be performed to meet the designed
efficiency. Choked GPTs in the drains may cause nuisance flooding in the locality.

(d)  Swales

Swales are vegetated drains that can be used to convey and filter runoff. They take advantage of biological
processes to improve pollutant removal from the storm runoff. Biological controls provided by swales are
typically cheaper and have better aesthetic than structural controls, but may involve more maintenance and
landtake.
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(e) Water Quality Pond and Wetlands

Water quality ponds have a beneficial effect on stormwater quality treatment by controlling the volume of
runoff and providing treatment by gravity settling, biological stabilisation of soluble pollutants such as
nutrients, and adsorption and decomposition of biodegradable pollutants such as BOD and light oils. The
function of wetlands is similar to that of ponds, except that areas of active vegetation growth are the main
component of wetlands instead of open water. This promotes biological action in preference to sedimentation.
In practice, most water quality ponds contain wetlands areas and vice versa so it is convenient to consider the
two types together.

34.2 Treatment Objectives

The primary objective of the treatment BMPs in this manual (with the exception of oil separators) is to remove
total suspended solids and sediment-bound compounds. Removal of TSS will result in the removal of many of
the contaminants of concern, including:

e Particulate trace metals;
e Particulate nutrients; and

¢ Oil and grease on solids.

The overall objective of removing 80% of the TSS load (on a long-term average basis) in a catchment has been
adopted in this Manual (refer to Chapter 1). A higher degree of removal would require a large increase in
treatment device size and cost. In some retrofitting cases in older developed catchments, it may not be possible
to meet the 80% removal objectives due to space limitations. For oil and grease removal, the objective of
treating over 90% of the total annual runoff is proposed.

3.4.3 Selection

The permanent facilities such as infiltration basins, swales, GPTs, bioretention facilities, water quality ponds
and wetlands are to be provided to take care of the runoff laden pollutants generated from the developed areas.
Table 3.3 provides a rating from low to high for each treatment BMPs type against its removal efficiency and
other factors such as maintenance and cost. Consideration should be given to the intended catchment area to be
treated, as some systems such as wetlands take up considerable amounts of land.

Table 3.3: Selection of BMPs for Various Pollutants (Adapted from Melbourne Water, 2005)

Pollutant Removal Efficiency Other factors
N 8 -
BHTs Type % & o g5 z =L |SEs| %
S 5 N g o 3 55 < =2 g o
= = 5 = o 8 g < @)
Oz 5 Z g — g L=
< ZE CE‘S o~ =S
Infiltration Low High High Medium High | Medium Low
Bioretention Low High High Low Medium | Medium | Medium
Swale Low Medium | Medium Low Low Low Low
GPT High Low No Medium | Medium | Medium | Medium
Water Quality Pond | Medium | Medium | Medium | Medium High High High
Wetlands Medium High High High Medium | High High
Note: In order to remove the desired contaminants for the application being considered, a composite system

incorporating numerous design elements may be required. This is commonly referred to as a ‘treatment
train’. In this instance, an order of suitability can be obtained by referencing various combinations of
design elements and their associated pollutant treatment ability and other factors as listed above. The

higher the level, the more suitable that combination of design elements will be.
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The definitions of low, medium and high capture or treatment target for each of the BMPs for TSS and nutrients
is given in Table 3.4.

Table 3.4: Classification of Treatment Targets for Individual BMPs (Adapted from Melbourne Water, 2005)

Target of Treatment
Pollutant Low Medium High
TSS Less than 40% of 40-70% of particulates More than 70% of
particulates greater than greater than 0.125mm particulates greater than
0.125mm retained. retained. 0.125 mm retained.
Nutrients Less than 10% reduction 10-40% reduction More than 40% reduction
(TN & TP)
Note: There is insufficient data available to give firm guidance on gross pollutants. The level of treatment

chosen has an effect on the area required for the BMPs. However, in all situations, the overall
pollutant reduction by any BMPs or treatment train (at least) must comply with the criteria given in
Table 1.4.

Suitability of BMPs also depends on the type and size of the development and its associated landuse. Table 3.5
provides a guide to select the most appropriate BMPs for different development types while Table 3.6 provides
commentary on benefits and siting considerations for different BMPs elements.

Table 3.5: Suitability of BMPs for Various Landuses (Adapted from City of Knox, 2002)

o
= =
2 o =
= ] [a X8 @]
Development Types/Landuse s e o =
T L = g = =
5 g © CRE o= £
2 & = =& | & | O
New Roads and Highways
- Onslopes less than 4% High High High High High High
- Onslopes greater than 4% Medium | Medium | Medium | Medium | Medium | Medium
Old Roads and Highways
- On slopes less than 4% High Medium High High | Medium | High
- Onslopes greater than 4% Medium Low High Medium Low High
New Residential/ Commercial/ High High High High High High
Industrial Development
Old Residential/Commercial / Medium Low Low Medium | High High
Industrial Development

3.5 PRELIMINARY SIZING OF BMPs

Removal curves are presented in this Section for the preliminary estimate of BMPs sizes. They are for swale,
water quality pond and wetlands application only. The simplified procedure is used for the purpose of
planning submission to a regulatory local authority for initial assessment. The “planning application process”
usually entails an applicant submitting to a local regulatory authority the prepared plans and associated
documentation that outline the intent and extent of the proposed development. Detailed design is not
undertaken at this stage, as the authority is likely to provide recommendations or conditions during the initial
assessment. Local regulatory authority can, therefore, also use the preliminary design outcomes to assess
submissions based on the methodology proposed in this section.

This process is by no means intended to replace the more rigorous processes outlined in the design Chapters of
the Manual, and as such should not be used to determine final treatment sizing or efficiency. Designers should
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Table 3.6: Treatment Application Guide (Landcom, 2004)

BMPs Potential Benefits Suitable Site Condition Unsuitable Conditions
Reduces litter and debris Conventional drainage systems Sites Larger than 100 ha
GPT Can reduce sediments Natural channels
Pre-treatment for other
measures
Reduce runoff Sandy to sandy-clay soils (k more | Silty clay to clay soils
) _ Pollutant removal than 36mm/ hr) Steep terrain
Infiltration | passive irrigation Flat terrain (less than 2%) Shallow groundwater table
Deep groundwater table Highly polluted runoff
Medium and fine particulate | Mild slopes (less than 4%) Steep slopes (more than 4%)
Swales removal

Passive irrigation

Fine and soluble pollutants Flat terrain Steep terrain
Bioretention | removal High groundwater table

Small ARI

Frequent flood retardation

Storage for reuse Steep terrain with confined valleys | Proximity to airports, landfill

Fine sediment removal High groundwater table
Water Flood retardation
Quality Community and wildlife
Pond asset

Community asset Flat terrain Steep terrain

Medium to fine particulates High groundwater table
Wetlands and some soluble pollutant Acid sulphate soils

removal
Wildlife habitat

recognise that local factors may strongly influence the results from the process and take these into account in
their final decision in sizing the BMPs.

The preliminary BMPs sizing procedure is given below:

Step 1:

Step 2:
Step 3:
Step 4:

Step 5:
Step 6:

Identify the main non-point source (NPS) pollutants that would be generated by the proposed
development (Table 3.3).

Choose the BMPs best suited to the target the NPS pollutants (Step 1) and landuse (Table 3.5).
Choose the level of treatment and reduction target required for the BMPs (Table 1.4).

Work out the BMPs area required by reading the target pollutant reduction value from the Y-axis of the
relevant chart. Then move horizontally right and meet the curve of the target pollutant. Then move
vertically down and read the BMPs/Catchment Impervious Area ratio in percentage (%) from the
appropriate chart in Figure 3.1. Estimate the BMPs area by multiplying the BMPs/Catchment
Impervious Area ratio by the estimated impervious area (in ha) of the catchment and dividing by 100. If
the impervious area is not available, a relevant runoff coefficient (Table 2.6) appropriate for the target
landuse can be used instead of the imperviousness (%).

Choose the appropriate layout plans and guideline drawing(s) and for the proposed BMPs.

Collate the results and submit the information to the local regulatory authority for initial approval.
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Pollutant Reduction (%)

Pollutant Reduction (%)
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Water Quality Pond Area as Percentage of Contributing Impervious Area

b) Water Quality Pond

Figure 3.1: Pollutant Reduction Curves (Adapted from Melbourne Water, 2005 and Darwin Harbour, 2009)
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Figure 3.1: Pollutant Reduction Curves (Adapted from Melbourne Water, 2005 and Darwin Harbour, 2009)

c) Wetlands
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APPENDIX 3.A EXAMPLE - POLLUTION LOAD FROM MULTIPLE LANDUSES
Problem:

Determine the annual pollution loading (in tonnes/yr) generated from a 753.28 ha mixed development area
located in upstream of Sg. Buloh catchment shown in Figure 3.A1. The mean annual rainfall for the catchment is
2850 mm.

Residential (114.54 ha)
Taman Wangsa Permai

Industrial (124 ha)
Taman Perindustrian Tago

Industrial (104.15 ha)
Taman Perindustrian KIP

N SN
<><>%0 S
Sg. Buloh % Vi /
ol N U/, - Roads and Highways
TN (30.39 ha)
Commercial (26.18 ha) TS - —- = <
Bandar Dri Damansara N == :
@@o’ o S
== Residential (86.5 ha)

Bandar Manjalara

Legends:

Residential (267.52 ha) Catchment Boundary

Bandar Sri Damansara

Landuse Boundary

Figure 3.A1: Catchment Area for the Calculation of Pollution Load

Solution:

Reference Calculation Output
Table 2.5 Step 1: Get the mean annual rainfall (MAR) data for the catchment (in Table 3.A1
Equation 2.4 this case, 2850 mm) and multiply with the corresponding

runoff coefficient to calculate the annual runoff from each

landuse.
Table 3.2 Step 2: Pick the EMC values for each pollutant corresponding to the Table 3.A1
Equation 3.2 landuse and use Equation 3.2 to calculate the pollutant

loading. The results are summarised in Table 3.Al.
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Reference Calculation Output
Step 3:  Calculate the total annual pollution load for TSS, TP and TN in
tonne per year.
They are summed as follows:
TSS = TSS from Residential + Industry + Commercial + Road and
Highway
= 1299.07 + 971.44 + 81.93 + 65.84 = | 241828
Similarly tonne/year
TP = 345+287+0.22+0.13 = | 667
tonne/year
TN = 4273 +29.26 +3.25+1.85 = 77.09
tonne/year
Table 3.A1: Calculation of Pollution Loading from Various Catchments
Volumetric Annual Loading
Runoff EMC | Annual Runoff
Landuse | Area (ha) Coefficient Pollutant (mg/L) (mm)
(Go) (kg/year) | (tonne/year)
TSS 128 1299073 1299.07
Residential | 468.56 0.76* TP 0.34 2166 3451 3.45
TN 4.21 42727 42.73
TSS 166 971440 971.44
Industry | 22815 0.90 TP 0.49 2565 2868 2.87
TN 5.00 29260 29.26
TSS 122 81925 81.93
Commercial | 26.18 0.90 TP 0.32 2565 215 0.22
TN 4.84 3250 3.25
Roads and TSS 80 65837 65.84
Highways | 30.39 0.95 TP 0.16 2708 132 0.13
TN 2.25 1852 1.85

* Area-weighted average volumetric runoff coefficient for the residential areas (using Table 2.5 and
Equation 2.4).
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APPENDIX 3.B EXAMPLE - PRELIMINARY SIZING OF WATER QUALITY POND
Problem:

Estimate the preliminary size of a water quality pond required to reduce the TSS, TN and TP by 80%, 35% and
40%, respectively from the residential area (Taman Wangsa Permai, 114.54 ha), as given in Example 3.A (Figure
3.Al1). The average runoff coefficient of the area is 0.55, which was calculated based on the actual
imperviousness of the mixed development residential area (e.g. Bungalow, Link House and Open Spaces).

Solution:

Reference Calculation Output
Figure Step1l - Calculate the contributing impervious area as 0.55 x 114.54 ha = 63 ha
3.1b

Step 2 - Identify the percentage of pollutant needed to be removed by the proposed
pond and draw the horizontal lines as shown below:
100
90 = T8 == TN =---TP 1SS
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5
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S 30 S T ;
- / SEE: L ™ :
20 > e ;
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10 47—
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0 G vV v v
060 05 10 15 20 25 30 35 40 45 50
Water Quality Pond Area as Percentage of Contributing Impervious
Area
Step 3 - Determine the ratio of Pond Area/Contributing Impervious Area ratio
in %, from the X-axis as shown above, which are:
For TSS = 1.7%
For TN = 4.95%
For TP = 2.0%
Step 4 - Now the preliminary pond area must be determined based on the maximum
area required which is 4.95% for the TN removal.
Therefore, the water quality pond area should be,
(4.95 x 63 ha) /100 = 3.12 ha.
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APPENDIX 3.C EXAMPLE - PRELIMINARY SIZING OF TREATMENT TRAIN

Problem:

Estimate the preliminary sizes of a BMPs treatment train using swale, wetlands and water quality pond shown
in Figure 3.C1, to reduce TSS by 80% from a residential subcatchment, Taman Bukit Rahman Putra located in
Upper Sg. Buloh Catchment, with an area of 14.46 ha (Figure 3.C1). The average contributing imperviousness of
the residential area is 75%.

Figure 3.C1: Layout of the Proposed of BMPs Treatment Train
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Solution:
Reference Calculation Output
Table 3.3 Step 1: Assuming TSS removal within the treatment train is distributed as
and 3.4 follows :
Swale (40%) —»Wetlands (10%) —»Water Quality Pond (30%)
Figure3.1a | Step 2: Top widths of the swales are assumed to be 3 m wide, including the
drainage reserves that act as buffer strip. Now the total area of the swales
required to remove 40% of the TSS can be determined using Figure 3.1a, which
is shown below:
70
——[ISS =="TN ====TP e ———
60
< /
= 50
£ &
g
5 40 7 P P o = =X = e
700 e/ i et B S e e e
£ 30 P s o i e e
g f =
E / // - -
E 20 // ‘//
1/
10 i/
/
0
0.0 0.5 1.0 1.5 2.0 25 3.0
Swale Area as Percentage of Contributing Impervious Area
So, the total swale area required is 0.30% of the contributing impervious area,
=0.30/100 x 14.46 x 0.75 = 0.033 ha 330 m?
Swale length (for width 3m) 110 m
Step 3: The next step is to estimate the size of wetland to remove 10% of the
Figure 3.1c | TSS. A preliminary size of the wetland is estimated from the Figure 3.1 (c). The
required wetland area to remove 10% of the TSS is 0.20%, i.e.
Wetlands area = 0.20/100 x 14.46 x 0.75 = 0.022 ha 220 m?
The area is divided into two units of wetlands, as shown in Figure 3.C1. One is
for shallow pool (100 m?) and the other is for deep pool (120 m?2) with
submerged macrophytes.
Figure 3.1b | Step 4: The remaining 30% of the TSS needed to meet the removal target of 80%
will be removed by the water quality pond, which is the last component of the
proposed treatment train BMPs. Preliminary size of the pond is estimated from
the Figure 3.1 (b). The required water quality pond area to remove 30% of the
TSSis 0.18%, i.e.
Water quality pond area = 0.18/100 x 14.46 x 0.75 = 0.020 ha 200m2
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Reference Calculation Output
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Summary and flow of the estimated BMPs sizes are as follows:

Swale (330m?) — Wetland 1 (100m?) — Wetland 2 (120m?) — Water Quality
Pond (200m?)
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41 INTRODUCTION

Property drainage refers to the systems that transfer runoff from roofs, paved areas and other surfaces of a
premise to a suitable outlet or disposal facility. The system involves gutters, downpipes, drains, pipes, swales
and storage and treatment facilities. Typical property drainage components for residential and industrial
premises are shown in Figure 4.1.

Local authorities may place limitations on the amount of stormwater that can be drained to streets or trunk

drainage systems, in order to reduce flooding and pollution. In these cases it is the responsibility of the
property owner to provide infiltration or on-site detention facilities.

Box Gutter

Industry

Subsoil Drain

Inter-allotment Valley
Drain Gutter

Figure 4.1: Typical Property Drainage Components

4.2 ROOF DRAINAGE SYSTEM

Roof drainage systems are located at the top of property drainage systems. Because the areas are usually small
and there are fewer complications, roof drainage can be designed using simpler methods than those employed
at larger scale drainage. This chapter applies to those buildings where roof drainage is specified for reasons of
runoff conveyance and collection to storage/detention facilities as well as for comfort and safety of occupants
and the protection of the building structure. The rules also apply to all inhabited buildings as well as industrial
buildings and warehouses.

The methods given in this section are based on the Australian/ New Zealand Standard (AS/NZS 3500.3, 2003),
adapted for Malaysian conditions. Eaves gutters are located on the outside of a building while box gutters and
valley gutters are located within the plan area of the building and the intersecting sloping surfaces of a roof
respectively (Figure 4.2).

b) Box

Figure 4.2: Roof Gutters

Roof and Property Drainage NOT FOR SALE ¢l
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4.3 ROOF DRAINAGE DESIGN PROCEDURE
43.1 Catchment Area

The design approach for drainage of roofs is to determine the layouts and sizes of components, and then to
analyse their behaviour in one or more design storms that will test the adequacy of the system.

The design procedure herein follows AS/NZS 3500.3 in recognising that wind causes the rain to slope, creating
a horizontal component of rainfall, which becomes significant on vertical walls or sloping roofs. The direction
of wind that results in the maximum roof catchment area should be selected. It is not sufficient to consider only
the direction of prevailing winds. A maximum rainfall slope of 2 vertical to 1 horizontal is assumed. The roof
catchment area (A.) estimates, based on Figure 4.3, are given below:

For single sloping roof fully exposed to wind

Av
Ac = Ah + 7 (4.1)

where the meaning of terms is as shown in Figure 4.3. If the roof is partly shielded by another wall, the net
vertical area A, is the area seen by looking in the same direction as the wind. The following formula is used

1
A = Ay, +E(sz -Ay,) 4.2)
For the two adjacent sloping roofs
1
AC =Ah1 +Ah2 +E(sz _AUI) (43)

Roofs of larger buildings may have complex arrangements of catchments and drainage systems. Where it is
difficult to define catchments, a conservative approach should be adopted, assuming the largest possible
catchments.

432 Design Average Recurrence Intervals

Roof drainage shall use the ARIs set out in Table 4.1. The critical storm duration of 5 minutes should be
adopted for all roofs unless special circumstances justify a longer duration.

Table 4.1: Design ARIs for Roof Drainage

Property Type Eaves Gutters Valley and Box Gutters

All buildings 20 year ARI 100 year ARI

Notes :
1.If water can flow back into the building, then overflow measures are required
2. A higher design ARI shall be adopted for buildings located on hillside area

4.3.3 Discharge Estimation

The 5 minute duration 20, 50 and 100 year ARI rainfall intensities for the particular location are obtained from
the short-duration rainfall IDF method in Chapter 2, applied at the particular site. If special circumstances
justify the use of a longer time of concentration, the rainfall intensity for this time of concentration shall be
derived using the methods set out in Chapter 2.
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K
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(a) Single Sloping Roof Freely Exposed to the Wind

(b) Single Sloping Roof Partially Exposed to the Wind

Angle of Descent of Rain \ \ \

\
sz

(c) Two Adjacent Sloping Roofs

Figure 4.3: Sloped Roof Catchment Area Relationships
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The roof flow produced by the design rainfall shall be calculated using the Rational Method, with runoff
coefficient C = 1.0, which can be expressed by the following form:

A,
- 4.4
Q 3600 44
where,
Q = Peak flow (L/5s);
i = Rainfall intensity (mm/hr); and
A:  =Roof catchment area draining to a downpipe (m?).

434 Design of Eaves Gutters and Downpipes

For a simple sloping (gabled) roof, the eaves gutter (Figure 4.4) should slope from one end to the downpipe
location at the other end.

Shingles

< Panel installed under
C , top layer of shingle
Gutt \ Fascia board
utter ) /
L
Downpipe \
\ Soffit

Figure 4.4: Cross Section of Eaves Gutter

The procedure for the design of an eaves gutter is as follows:

¢ Determine the catchment area to each downpipe;
e Determine the design 5 minute duration, 20 year ARI rainfall intensity; and

e Choose the gutter size from Design Chart 4.A1.

To provide adequate fall and minimise the risk of ponding, the minimum gradient of an eaves gutter shall be
1:500.

The minimum cross-sectional size of an eaves gutter shall be 4,000mm? while the normal maximum 22,000mm?2.
If calculations indicate that a larger size is required, it is preferable to provide more downpipes rather than
increasing the gutter size.

The required size of eaves gutter shall be determined from Design Chart4.Al. This Chart is derived from
Manning's formula with 'n' = 0.016 and S = 1/500. This is a simplified method because the effect of varying
flow depth is neglected. When applying the design chart, A. is the catchment area draining to a single
downpipe.

Downpipe size is then determined from Table 4.2 to match the eaves gutter size. Downpipes may be either
rectangular or circular. Note that for a given roof catchment area, the size of downpipe will be the same
irrespective of the slope of the eaves gutter.

If the listed size is not available, an alternative downpipe with equal or greater cross-sectional area than that
shown may be substituted.

4-4 NOT FOR SALE Roof and Property Drainage



NOT FOR SALE
MSMA 27 Edition. 2012 | DID Malaysia

Table 4.2: Required Size of Downpipe for Eaves Gutter (AS/NZS 3500.3, 2003)

Eaves Gutter Size Minimum Nominal Size of Downpipe (mm)
(mm?) Circular Rectangular
4,000
4,200 75 65 x 50
4,600
4,800 75 x 50
85

5,900

6,400 100 x 50
90

6,600

6,700 75x 70
100

8,200

9,600 100 x 75
125

12,800 100 x 100

16,000 125 x 100
150

18,400

19,200 150 x 100

20,000 Not applicable 125 x 125

22,000 150 x 125

43.5 Design of Valley Gutters
Valley gutters are located between the sloping roof sections of a hipped roof (see Figure 4.1). The following
points should be noted when designing systems incorporating valley gutters:

e Valley gutters should end at the high point of an eaves gutter; and

o The discharge from a valley gutter does not flow equally into both eaves gutters. Therefore the designer
should allow at least 20% excess capacity in the sizing of the eaves gutters.

The profile of a valley gutter is shown in Figure 4.5.

‘ We i J

< h
L N L{ f

Side Angle

Figure 4.5: Profile of a Valley Gutter

The sizing guidelines in Table 4.3 are valid for the following conditions:

e Roof slope of not less than 12.5°%;

e The nominal side angle of valley gutters is 16.5°; and
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e The catchment area shall not exceed 20m?2.

The procedure for the design of a valley gutter is as follows:

e Select the ARI;
e Determine the design 5 minute duration, 100 year ARI rainfall intensity; and

o Choose the girth size and dimensions from Table 4.3.

Table 4.3: Minimum Dimensions for Valley Gutters

Design Rainfall Minimum Dimension (mm)
Intensity Sheet Effective Effective
(mm/hr) Width | Depth (he) | Width (We)

<200 355 32 215
201 - 250 375 35 234
251 - 300 395 38 254
301 - 350 415 40 273
351 - 400 435 43 292
> 400 455 45 311
Notes:

1. Freeboard (hs) =15 mm

2. The sheet width from which the valley is to be formed
has been calculated on the basis of h¢= 15 mm and an
allowance for side rolls or bends of 25 mm.

43.6  Design of Box Gutters and Downpipes

Box gutters are located within a building plan area (Figure 4.6). Gutters adjacent to a wall or parapet shall be
designed as box gutters. The main principle in the design of box gutters is to avoid the potential for blockages,
which would prevent the free runoff of roof water, and possibly cause water to enter the building. The design
criteria of box gutter are as the followings:

¢ Box gutters must be straight (no bends);
e Cross-section shape must have a constant base width and vertical sides;
¢ Longitudinal slope must be between 1:200 and 1:40. Changes in slope are not permitted; and

o The gutter must discharge directly into a rainhead or sump at the downstream end without change of

direction.
\ Roofing |

\ Material |

| Roof Frammg Gutter Boards/

Figure 4.6: Box Gutter
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Box gutters are connected to either rainheads or sumps with overflow devices. The minimum width of box
gutters for commercial or industrial construction is 300mm. For residential construction, a minimum width of
200 mm is permitted but such gutters are more prone to blockage and should be subject to more frequent
inspection and maintenance.

The procedure for design of a box gutter is as follows:

¢ Determine the catchment area draining to each downpipe (Equation 4.1);
e Determine the design 5 minute duration, 100 year ARI rainfall intensity;
e Select the width and slope of the box gutter to suit the building layout; and

¢ Read off the minimum depth of the box gutter from Design Chart 4.A3. This minimum depth must be
used for the full length of the box gutter. If a sloping box gutter is built with a horizontal top edge for
architectural reasons, the minimum depth requirement still applies. When applying the design chart, the
catchment area obtained is for draining to a single downpipe.

4.3.6.1 Rainheads and Downpipes

Box gutters shall discharge via a rainhead or sump, to a downpipe. The required size of downpipe from a box
gutter is determined from Design Chart4.A3 (AS/NZS 3500.3, 2003). The sizing principle is to limit the
maximum capacity of the downpipe in order to prevent slugs of unstable flow. The graph does not permit very
deep, or very shallow rainheads. The minimum depth of water in the rainhead is limited to about half of the
diameter of the downpipe. Above this depth, orifice flow conditions apply. A standard rainhead is shown in
Figure4.7. It includes an overflow to safely discharge flow from the box gutter even if the downpipe is
blocked. The design flow of a rainhead shall not exceed 16 L/s.

Figure 4.7: Typical Rainhead

Also designers are to observe the followings:-

e  Width of rainhead is equal to the width of box gutter. The rainhead must be sealed to the box gutter;

e The depth of a rainhead, h, must be at least 1.25 x equivalent diameter of a rectangular downpipe (h.>
1.25D,) or 1.25 x internal diameter of a circular downpipe (h> 1.25Dy).

e There is an overflow weir at a lower level than the sole of the box gutter; and

e The rainhead to be fully seated to the box gutter and the front of the rainhead left open above the overflow
weir.

4.3.6.2 Sumps

Sumps are located at the low point of a box gutter, which slopes towards the sump in both directions. A
standard sump is shown in Figure 4.8. All sumps must be provided with an overflow to prevent overtopping of
the box gutter even if the downpipe is blocked. Two types of overflow devices are permitted for use

_ NOT FOR SALE
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a) Side Overflow Device

This device is shown in Figure 4.8. This design has been in use world-wide for many years. It is only suitable
for box gutters, which run parallel and adjacent to a parapet wall.

Overflow Duct or Channel
X Box Gutter
o

Figure 4.8: Typical Sump and Side Overflow

b) High Capacity Overflow Device

As shown in Figure 4.9 this device design is developed in Australia (Jones and Kloti, 1999). It is anticipated that
further research will be conducted into developing overflow devices suitable for Malaysian conditions.

Overflow Weirs Secondary Sump

Overflow %
Downpipe

Figure 4.9: Sump with Alternative Overflow Devices

44 PROPERTY DRAINAGE

441  General

The drainage system proposed within allotments depends upon the topography, the importance of the
development and the consequences of failure. The drainage systems collect water from roofs (via downpipes),

surfaces of areas around buildings, and flows onto the property from adjacent allotments in major storm.

In areas with suitable soils and water table conditions, stormwater may be infiltrated directly into the soil,
rather being directed to the street drainage system (Chapter 8).
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44.2 Design Average Recurrence Intervals

Elements in the property drainage systems shall be designed to contain flows from minor storm events of ARI
not less than that specified in Table 4.4.

The property drainage systems shall be designed to ensure that overflows in a major storm event do not
present a hazard to people or cause significant damage to property.

Table 4.4: Minimum Design ARIs for Property Drainage

ARI
Effect of Surcharge and Overland Flow
(years)

Small impact, in low density area 1
Normal impacts 2
Ponding in flat topography; or flooding of parking lots to 10

depths greater than 150 mm
Impeded access to commercial and industrial building 10
Ponding against adjoining buildings; or impeded access 20

to institutional or important buildings (e.g., hospitals,

halls, school entrances)

44.3 Drainage to the Rear of Properties

Where the natural ground level does not permit drainage by gravity to the street drain or gutter, it will be
necessary to either fill the site to obtain a fall to the street, or alternatively, to provide a piped drain through an
adjoining private property or properties, to discharge the runoff from the site by gravity.

Requirements for piped drainage in privately owned lots are set out in Chapter 15. Open drains shall not be
permitted at the rear of private lots because they are difficult to maintain.

Any piped drain in private property, which serves an adjoining property, shall be protected by a drainage
easement. Such easements shall be free of any building encroachments, including eaves footing and shall
contain a single pipe only. Full details of any proposed easement is to be submitted to the regulatory authority
for approval and this easement shall be registered with the authority prior to release of the building plans.

444 Drainage on Hillside Area

In common practice, although the roofs of buildings are designed to collect storm water, there is no provision to
effectively drain them to the perimeter drain surrounding the buildings. The concentrated runoff from the roof
eaves is sometimes much higher than the direct impact due to rainwater and this can cause ground erosion.

Buildings in which roof gutters are omitted shall not be permitted in hillside areas. This type of roof drainage
would have unacceptable consequences in term of concentrated runoff on potentially unstable hill slopes.

The 20 year ARI standard for roof eaves gutters (Table 4.1) should be increased to 50 year ARI in hillside areas.
The standard for box gutters is governed by other factors, and does not change.

Properly designed gutters must be provided to collect stormwater from the roof and convey it to the formal
property drainage system, either open drains or pipes. As a general principle, it is desirable to directly connect
all significant impervious areas to the lined drainage system.

Property drainage shall be installed at or below ground level, to maximise the interception of surface runoff.
The creation of ponding areas due to poor grading of property drainage is not permitted.
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44.5 Drainage through Public Reserves

Where a low level property adjoins a public reserve, the construction of drainage line through the reserve
generally will not be permitted and alternative methods of drainage should be investigated, including;:

e construction of a pipeline through an adjoining private property; and

e apump out system.

Construction of a drainage line through a public reserve may be permitted by the regulatory authority, only in
situations where the applicant provides satisfactory proof that the alternatives have been investigated and
found to be impractical.

Where drainage through a public reserve is permitted, the applicant is required to enter into a licence
agreement with the regulatory authority, subject to the payment of a one off licence fee under the respective
agreement covering any installation, legal or other costs associated with the preparation and execution of the
licence agreements, together with an amount considered appropriate towards the improvement of the
respective reserve.

Pipes on public streets and land that drain developments are permitted, provided that they are built to the
approval authority’s standards and ownership is transferred to the authority. It is not permitted where the
proposed drainage system will cause a conflict with other drainage systems or services.

44.6 Rainwater Harvesting and Detention

Rainwater tanks may be provided to collect flow from roof and gutter systems. These tanks can be used to:

e provide water supplies; and/or

e provide on-site detention storage.

The design of rainwater tanks for water supply is covered in Chapter 6 while the design of on-site detention
storage in Chapter 5. Note that any tank volume provided for detention is additional to that set aside for water
supply storage.
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APPENDIX4.A DESIGN CHARTS
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Design Chart 4.A1: Sizing Eaves Gutters for Gradients 1:500 and Steeper

Notes:
1. This graph assumes -
(@) An effective width to depth ratio is about 2:1;
(b) A gradient in the direction of flow is 1:500 or steeper;
(c) The least favourable positioning of the downpipe and bends within the gutter length;
(d) A cross -section of half round, quad, ogee or square; and
(e) The outlet to a vertical downpipe is located centrally in the sole of the eaves gutter.

2. The required eaves gutter discharge areas do not allow for loss of waterway due to internal brackets.
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Design Chart 4.A2: Sizing Eaves Gutters for Gradients Flatter than 1:500

Notes:
1. This graph assumes-
(@) An effective width to depth is a ratio of about 2:1;
(b) A gradient in the direction of flow flatter than 1:500;
(c) The least favourable positioning of the downpipe and bends within the gutter length;
(d) A cross -section or half round, quad, ogee or square; and
(e) The outlet to a vertical downpipe is located centrally in the sole of the eaves gutter.

2. Therequired eaves gutter discharge areas do not allow for loss of waterway due to internal brackets.
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Design Chart 4.A3: Sizing a Freely Discharging Box Gutter
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Design Chart 4.A4: Sizing Downpipes from Box Gutters
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APPENDIX 4.B EXAMPLE - EAVES GUTTERS
Problem:

A house, with the gable roof shown in Figure 4.B1, is located in Kuala Lumpur. Determine the size of the
required eaves gutters and downpipes.

PLAN 13.0m

B

ﬁ
AN

i

Downpipe Roof Slope Eaves Gutter

f

.0 o

o 14° or 1:4 T (Typical)
JF{

Ridge Typical

J i C T
40m |Downpipe
19l

G F 7.0m
6.5m . 3;)fm D l
(N |
ELEVATION T—Downpipe
(x - 6.5m

8.0m 3.0m

Figure 4.B1: Gable Roof of a House

Solution:
Reference Calculation Output
a) Calculate rainfall intensity for 5 minutes storm duration and 20 year
ARI for Kuala Lumpur.
Equation2.2 | j= L
(d+6)’
Appendix A =69.650
2.B1 K=0.151
6=0223
n =0.880
d =0.0883
(69.650)(20) 1! = | 304.4
(0.0833 +0.223)"880 mm/hr
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Reference Calculation Output
b) Calculation of Catchment Area
Equation4.1 | Roof A-B-C-H-A:
Plan area An =13x4 52m?
Rise is 1 m. Vertical area A, =1x13 13m?
Total catchment area = A+ A)/2
=52+ (13)/2 58.5m?
Equation4.1 | Roof ]-C-D-E-J:
Plan area Ay, =7x6.5 45.5m?
Rise is 1.75 m. Vertical area A, =1.75x6.5 11.4m?
Total Catchment area =A;+ A2
=454+ (11.4)/2 51.2m?
Equation 4.1 | Roof H-J-F-G-H:
Plan area An =4x65 26m?
Rise is 1m. Vertical area A, =1x6.5 6.5m?
Total catchment area =A,+A/2
=26+(6.5/2) 29.3m?
c) Calculation of Gutter and Downpipe Size
Assume gradient of eaves gutter is 1:600
Roof A-B-C-H-A:
Catchment area 58.5m?
Chart 4.A2 Required effective cross section area for gutter A-B 19,500mm?
The value of effective cross section area for gutter A-B exceeded the
maximum value of cross section for circular downpipe. Therefore, the
square downpipe is chosen.
Table 4.2 Required downpipe size 125mm x
125mm
Roof |-C-D-E-J:
Catchment area 51.2m?
Chart 4.A2 Required effective cross section area for gutter E-D 17,250mm?
Table 4.2 Required downpipe size 150mm &
Roof H-J-F-G-H:
Catchment area 29.3m?
Chart 4.A2 Required effective cross section area for gutter F-G 11,000mm?
Table 4.2 Required downpipe size 125mm &
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APPENDIX 4.C EXAMPLE - BOX GUTTERS

Problem:

A part of a factory as shown in Figure 4.C1 is to be constructed at Kota Damansara, Kuala Lumpur. Determine
the size of the box gutter and associated vertical downpipes with rainheads that are to discharge to the site
stormwater drains of the surface water drainage system.

Box Gutter

Expansion Join

Figure 4.C1: Roof of a Factory

Solution:
Reference Calculation Output
Table 4.1 Select 100 year ARI for Kuala Lumpur
Equation 2.2 Tr
=t
(d+0)"
Appendix 2.B \ = 51927
K=0.209
6=0123
n =0.544
d =0.083
o (54.927)(100)%2%
(0.083 +0.123)">4 339.66
The dimension and other relevant data are shown in Figure 4.C1 mm/hr

Select position of expansion joint and rainheads as shown in Figure
4.C1

Roof and Property Drainage NOT FOR SALE
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Reference Calculation Output
Calculate catchment area
Roof Ap=7.25m x 9m 65.25m?
Roof Slope 1:6, Rise =1/6 x 9 1.5m
Roof Ay =7.25m x 1.5m 10.88m>
Wall A,> =7.25m x 4.4m 31.9m?
Equation4.2 | Ac=An+1/2 (Awn - Av)
Ac=65.25m2 +1/2 (31.9 - 10.88) m2 75.76m?
Chart 4.A3 Q=7L/s
Q<16L/s0
Chart 4.A3 For Q = 7 L/s, select sole width of box gutter (Wy) = 375mm and
gradient = 1:200
Chart 4.A3 For Q =7 L/s, Wpg = 375mm and gradient = 1:200 , the actual minimum
depth of box gutter including free board (ha) 115mm
Use box
As each box gutter discharges to a rainhead that is design to divert the gutters 375
design flow away from the building in the event of a total blockages of mm x 115
the downpipe, without increasing the depth of flow in the box gutter, mm
this is the minimum depth required for the box gutter. minimum
with
The design flow in each box gutter is also the design flow in the gradient
rainhead, Q=7 L/s. 1:200
Chart 4.A4 Select 100 mm diameter downpipe.
Depth of water in rainhead 125mm
Total depth of rainhead h, 205mm
Chart 4.A4 Alternatively, select 100mm x 75mm downpipe.
Depth of water in rainhead 140mm
Total depth of rainhead 235mm
Use total depth of rainhead 250mm
Check if the total depth h; needs to be adjusted as required by notes in
Figure 4.7.
Chart 4.A4 For 115 mm depth of box gutter, length of rainhead (L:) 150mm
Depth of rainhead 250mm
Refer to Figure 4.7,
final dimension of rainhead, h, = 250 mm, h; - 25 225mm
h, 115mm
Lr 150mm
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5.1 INTRODUCTION

This chapter provides simplified guidelines for the design of on-site detention (OSD) facilities. OSD may be
provided as above-ground storages, below-ground storages, or a combination of both within a property
boundary. Above-ground storages typically are located in lawns/gardens, car parking/driveway areas, rooftop
and tanks. Below-ground storages can be tanks and pipe packages (Figure 5.1). The main advantages of above-
ground storages are that they can generally be incorporated into the site by slight modification to the design of
surface features and are relatively inexpensive compared to below-ground storages. Safety features such as sign
board and fencing must be incorporated in the design of above-ground storage to prevent drowning,
particularly of children and senior citizen. Below-ground storages however, are out of sight, occupy minimum
land space. OSD facilities are designed to be dry most of the time, unless integrated with rainwater harvesting.

Rooftopw
r r_ — _—
oot
Above-ground Tank

Car Parking and HREREEN

Driveway Areas Landscaped Area
( - 0000

o= 20 IR N7

Below-ground Tank%

—=
To Main Drain

Pipe DrainJ — Pipe Package

Figure 5.1: Typical OSD Storage Facilities
5.2 GENERAL DESIGN CONSIDERATIONS
521 Requirement of OSD

For the development area less than 0.1 ha, the individual OSD facilities is recommended meanwhile for the area
more than 0.1 ha, the community OSD need to be provided.

52.2 Drainage System

The stormwater drainage system including gutters, pipes, open drains, and overland flow paths for the site
must meet the followings:

e be able to convey all runoff to the OSD storage whenever possible; and
o ensure that the OSD storage is bypassed by all runoff from neighbouring properties and any part of the
site not being directed to the OSD storage facility.

The outlet from the OSD facility must be designed to ensure that outflow discharges:

¢ do not cause adverse effects on downstream properties by concentrating flow; and
e can be achieved with low maintenance.

5.2.3 Multiple Storages

Sometimes OSD storages need to be designed as multiple unit with the separate parts of a property draining to
each storage defined. When establishing the catchments draining to each storage, it is important to remember
that all flows from the site, up to and including the storage design storm ARI, need to be directed to the storage.
In addition to the property drainage system, surface gradings will need to be checked to ensure that surface
flows and overflows from roof gutters, pipes, and open drains are directed to the appropriate OSD storage.

The outlet pipe from a storage needs to be connected downstream of the primary outlet structure of any other
storage, i.e. storages should act independently of each other and not be connected in series.
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524  Floor Levels
The site drainage system must ensure that:

e all habitable floor levels for new and existing dwellings are a minimum of 200mm above the storage
maximum water surface level for the storage design storm ARI; and
e garage floor levels are a minimum of 100mm above the storage maximum water surface level.

A similar freeboard should be provided for flowpaths adjacent to habitable buildings and garages.
5.25  Aesthetics

The designer should try to ensure that OSD storages and discharge control structures blend in with the
surrounding environment and enhance the overall aesthetic view of the site.

5.2.6 Signs

It is essential that current and future property owners are aware of the purpose of the OSD facilities provided.
A permanent advisory sign for each OSD storage facility provided should be securely fixed at a pertinent and
clearly visible location stating the intent of the facility. An example of an advisory sign is shown in Figure 5.2
(UPRCT,1999).

Signs: Colours:

Triangle and “WARNING Red WARNING
Water Blue ON-SITE DETENTION AREA
Figure and other Lettering Black RISE N THIS AREA

DURING HEAVY RAIN

Figure 5.2: Typical OSD Advisory Sign (UPRCT, 1999)
5.3 OPEN STORAGE

Typical open storages are shown in Figure 5.3 and Figure 5.4 while Table 5.1 recommends their allowable
ponding depths. The guidelines given below allow the designer maximum flexibility when integrating the
storage into the site layout.

5.3.1 Lawns, Car Parks and Tanks

Landscaped areas offer a wide range of possibilities for providing above-ground storage and can enhance the
aesthetics of a site. The minimum design requirements for storage systems provided in landscaped areas are:

e storage volumes provided shall be 20% more than the calculated volumes to compensate for construction
inaccuracies and the inevitable loss of storage due to vegetation growth over time;

e the minimum ground surface slope shall be 2% to promote free surface drainage and minimise the
possibility of ponding; and

e side slopes should be a maximum of 4(H):1(V) where possible. If steep or vertical sides (e.g. retaining
walls) are unavoidable, due consideration should be given to safety aspects, such as the need for fencing,
both when the storage is full and empty.

Car parks, driveways, storage yards, and other paved surfaces may be used for stormwater detention. The
minimum design requirements for storage systems provided in impervious areas shall be as follows:

e to avoid damage to vehicles, depths of ponding on driveways and car parks shall not exceed the limits
recommended in Table 5.1 under design conditions; and
e transverse paving slopes within storages areas shall not be less than 0.7%.
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Table 5.1: Maximum Depths for Different Open Site Storage

Site Classes Maximum Storage Depth
Pedestrian Areas 50mm
Parking Areas and Driveways 150mm
Landscaped Areas 600mm
Rooftops 300mm
Paved Recreation Areas 100mm

1=

a) Lawn b) Car Park ¢) Open Tank

Figure 5.3 Open Storage Features

5.3.2  Rooftops

Stormwater can be detained up to the maximum depth recommended in Table 5.1 by installing flow restrictors
on roof drains. Flat roofs used for detention will have a substantial live load component. It is therefore
essential that the structural design of the roof is adequate to sustain increased loadings from ponded
stormwater. The latest structural codes and standards should be checked before finalising plans. Roofs must
also be sealed to prevent leakage. A typical flow restrictor on a roof drain is shown in Figure 5.4. As can be
seen, the outlet has a strainer that is surrounded by a flow restricting ring. The degree of flow control is
determined by the size and number of holes in the ring.

Secondary Outlet
- Primary Outlet

(Restrictor)
Ny

Exterior—=|
Wall

Drain Restrictor Details

Vertical Drain

Ground
Surface

DI A

XU,
L L SRR

To On-Site Control or Isometric View
Conveyance Facilities
a) Storage Area b) Flow Restrictor

Figure 5.4: Typical Roof Storage System
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5.4 CLOSED STORAGE
Closed storage is in tank and is located either above-and/or below-ground.
54.1 Above-ground Tank

Above-ground tanks may be used solely for on-site detention, or utilised in combination with storage provided
for rainwater harvesting as illustrated in Figure 5.5. They provide a detention volume of runoff from building
rooftops only. If a combined system is provided, the rainwater harvesting storage volume cannot be relied upon
for detention purposes as this portion may be full or partly full at the onset of rain and therefore ineffective for
detention. The storage volume that is required for on-site detention must therefore be in addition to the storage
volume provided for rainwater harvesting.

Roof
T~ T
Access E - = N
Ladder ]
] OSD Reuse
EAPAAVAN BN NIEANAANAN
Drain——-
a) Concept b) Completion

Figure 5.5: Above-ground Storage Tank - Combined with Rainwater Harvesting
54.2 Below-ground Tank

Similarly a below-ground tank may be used for OSD only, or utilised in combination with storage provided for
rainwater harvesting (Figure 5.6). When preparing a design for below-ground storage, designers should be
aware of any statutory requirements for working in confined spaces. Access should be provided to allow
routine inspection and maintenance. The safety aspect of the access should be considered in the design.

[Access and Overflow Grate [Access and Overflow Grate Rool/ Lawn
\

£ prr ¥ [
B B Inlet Pipes —=
= | ] = |
— /Access Ladder — /Access Ladder C‘—
— OSD 47 — Rainwater
— = Harvesting
Outlet Pipe B B
L]\ u | Supply
— — m—
Trash Screen

Figure 5.6: Below-ground Storage Tank - Combined with Rainwater Harvesting

54 NOT FOR SALE On-site Detention



NOT FOR SALE

MSMA 27 Edition. 2012 | DID Malaysia

5.5 STORAGE TANK CHARACTERISTICS

5.5.1 Basic Configuration

Typical storage tanks are either circular or rectangular in plan and/or cross-section but, due to their structural
nature, can be configured into almost any geometrical plan shape (Table 5.2). For below-ground tank the
configuration is largely determined by site conditions. For instance, the vertical fall in the stormwater system
will determine if the storage can be drained by gravity or if pumping will be required.

Table 5.2: Typical Types of Tank and Storage Volume Formula

Type

Storage Volume Formula

1. Cylindrical

O

~— T

2. Rectangular

e
144 / Rectangular
T{ — = Shape
H - ///:/ o7 - 7/Triangular
& F- ) Shape
s
-
3. Trapezoidal
H
1
2 o

z v
o

4. Pipe and Conduits

V=nr’H
where,
Vv = Volume at Specific Depth (m);
T = 3.142;
H = Depth of Ponding (m); and
r = Radius of Basin (m).
Rectangular : Triangle :
V = LWH Ly 1’
= V=W_—
2 S
where,
Vv = Volume at a Specific Depth (m?3);
H = Depth of Ponding for That Shape (m);
W = Width of Basin at Base (m);
L = Length of Basin at Base (m); and
S = Slope of Basin (m/m).

4

V =LWH +LZH ? +§Z2H3

where,

N® ST <

= Volume at a Specific Depth (m3);

Depth of Ponding for That Shape (m);
Length of Basin at Base (m);
Width of Basin at Base (m);

= Ratio of Width to Length of Basin at The Base; and
= Side Slope Factor; Ratio of Horizontal to Vertical
Components of Side Slope.

where,

1%
L
As
Az
M

= Volume of Storage (m?) ;

Length of Section (m);

= Cross-sectional Area of Flow at Base (m?);

= Cross-sectional Area of Flow at Top (m?); and
Cross-sectional Area of Flow at Midsection (m?).
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5.5.2  Structural Adequacy

Storage tanks must be structurally sound and be constructed from durable materials that are not subjected to
deterioration by corrosion or aggressive soil conditions. The below-ground tanks must be designed to
withstand the expected live and dead loads on the structure, including external and internal hydrostatic
loadings. Buoyancy should also be checked, especially for lightweight tanks, to ensure that the tank will not be
lifted under high groundwater conditions.

5.5.3 Layout Plan

Site layout will dictate how the installation is configured in plan. Obviously, the area that the storage facility
will occupy will depend, among other things, on height and width limitations on the site. This can be especially
critical in high-density developments where available site space may be very limited. A rectangular shape offers
certain cost and maintenance advantages, but space availability will sometimes dictate a variation from a
standard rectangular plan. It may be necessary on some sites to design irregular-shaped tanks.

554  Bottom Slope

To permit easy access to all parts of the below-ground tank for maintenance, the floor slope of the tank should
not be greater than 10%. The lower limit for this slope is 2%, which is needed for good drainage of the tank
floor.

5.5.5 Ventilation

It is very important to provide ventilation for below-ground storage systems to minimise odour problems.
Ventilation may be provided through the tank access opening(s) or by separate ventilation pipe risers. Also, the
ventilation openings should be designed to prevent air from being trapped between the roof of the storage and
the water surface.

5.5.6 Overflow Provision

An overflow system must be provided to allow the tank to overflow in a controlled manner if the capacity of
the tank is exceeded due to a blockage of the outlet pipe or a storm larger than the storage design ARL As
illustrated in Figure 5.6, an overflow can be provided by installing a grated access cover on the tank.

5.5.7  Access Openings

Below-ground storage tanks should be provided with openings to allow access by maintenance personnel and
equipment. An access opening should be located directly above the outlet for cleaning when the storage tank is
full and the outlet is clogged. A permanently installed ladder or step iron arrangement must be provided
below each access opening if the tank is deeper than 1200 mm.

5.6 PRIMARY OUTLET
5.6.1 General Design Considerations

(a) Flow Regulator

Flow detention is provided by a storage volume from which water is released through a flow regulating device.
It is the flow regulators that determine how efficiently the storage volume will be utilised. Obviously, the flow
regulator has to be in balance with the available storage volume for the range of runoff events it is designed to
control.

Flow regulator are often called upon to perform what may appear to be conflicting tasks, such as limiting flow
rates, be free of clogging, and be relatively maintenance free.
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(b) Location of the Flow Regulator

Flow regulating devices for above-ground storages are typically housed in an outlet structure, called a
discharge control pit (DCP), which is an important component of the storage facility. It not only control the
release rate, but also determine the maximum depth and volume within the storage.

Flow regulating devices for below-ground storages are typically located within the storage facility. In this type
of arrangement, the flow regulator should be located at, or near, the bottom of the storage facility. In some
cases, where the topography does not permit emptying of the storage facility by gravity, pumping will be
required to regulate the flow rate. Figure 5.7 shows the indicative location of the primary outlet flow regulator
in a typical above and below-ground storages.

T
Open Storage Above-groun dstﬁ:wg—w

— DCP

Locate Flow Regulator
over Storage Primary
Outlet

— RS — AR

Closed Storage

Below-ground Storage

Figure 5.7: Primary Outlet Flow Regulator
5.6.2 Flow Restricting Pipe

The main advantage of using a flow restricting pipe as a storage outlet is that it is difficult to modify the
hydraulic capacity of the pipe, unlike an orifice which can be easily removed. As illustrated in Figure 5.8, the
net flow restricting effect of the pipe is mostly a function of the pipe length and pipe roughness characteristics.

Another advantage is that the required flow reduction may be achieved using a larger diameter opening than
an orifice, which considerably reduces the possibility of blockage of the outlet. The pipe must be set at a slope
less than the hydraulic friction slope, but steep enough to maintain a minimum velocity of 1.0 m/s under
normal flow condition in the pipe in order to keep any silt carried by the water from settling out within the

pipe.

DCP or
Storage| -
Facility |

S.L| Trash
screen

Flow Restricting Pipe

L

Figure 5.8: Flow Regulation with an Outlet Pipe (Stahre and Urbonas, 1990)

If the pipe is assumed to be flowing full, the outlet capacity can be calculated from Equation 5.1 which is based
on the continuity equation. This equation is applicable to all outlet conditions, i.e. free outfall as well as
submergence:
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'y5+S.L—ye

Q=A-\/2g X

where,

= Pipe Capacity (m3/s);

= Cross-sectional Area of the Pipe (m?);

= Acceleration due to Gravity (9.81 m/s?);

= Water Depth at the Upstream Invert of the Pipe (m);

= Water Depth at the Downstream Invert of the Pipe (m);
= Pipe Longitudinal Slope (mm);

= Pipe Length (m); and

= Sum of Loss Factors for the Pipe System.

>0
[

@

P‘C/)$\<°Q

A
[

Figure 5.9, developed by Li and Patterson (1956), can be used to determine the discharge if the pipe is, in fact,
entirely full. Although this figure is based on model tests using plastic pipe, it should provide a reasonable
basis for checking the flow condition in other pipe types.
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Figure 5.9: Length Upstream of Outlet Needed to Assure Full Pipe Flow (After Li and Patterson, 1956)

The sum of the loss factors will depend on the characteristics of the outlet and is expressed as:

Kr=Ki+ K.+ Ke+ Kp + K, (5.2)
where,

K; = Trash Screen Loss Factor;

K. = Entrance Loss Factor;

Ky = Friction Loss Factor;
Ky = Bend Loss Factor; and
K, = Qutlet Loss Factor.

a) Trash Screen Loss Factor

According to Creager and Justin (1950), the average loss factor of a trash screen can be approximated using the
following equation:
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2
A A
K,=1.45-0.45| = |-| " (5.3)
Ag Ay
where,
A, = Net Open Area between the Screen Bars (m?); and
A, = Gross Area of the Screen and Supports (m?).

When estimating the maximum potential losses at the screen, assume that 50% of the screen area is blocked.
However, the maximum outlet capacity should be calculated assuming no blockage. Minimum and maximum
outlet capacities should be calculated to ensure that the installation will function adequately under both
possible operating scenarios.

b) Entrance Loss Factor

Assuming orifice conditions at the pipe entrance, the pipe entrance loss factor may be expressed as:

K =—~-1 (5.4)

where,
Cas = Orifice Discharge Coefficient.
c) Friction Loss Factor

The pipe friction loss factor for a pipe flowing full is expressed as:

L
where,
f = Darcy-Weisbach Friction Loss Coefficient; and
D = Pipe Diameter (m).

The Darcy-Weisbach friction loss coefficient, under certain simplifying assumptions, can be expressed as a
function of Manning’s 7, namely:

f=125-1 (5:6)

d) Bend Loss Factor

Bend losses in a closed conduit are a function of bend radius, pipe diameter, and the deflection angle at the
bend. For 90° bends having a radius at least twice the pipe diameter, a value of Kgo = 0.2 may be adopted. For
bends having other than 90°, the bend loss factor can be calculated using the following equation:

K, =F, -K,, (5.7)
where,

Fy, = Adjustment Factor provided in Table 5.3; and

Koo = Loss Factor for 90° Bend.
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e) Outlet Loss Factor
Virtually no recovery of velocity head occurs where the pipe outlet freely discharges into the atmosphere or is
submerged under water. Therefore, unless a specially shaped flared outlet is provided, assume that K, =1.0. If

the pipe outlet is submerged, assume K, = 0.5.

Table 5.3: Adjustment Factors for other than 90° Bends

Angle of Bend (in degrees) | Adjustment Factor, Fy
0 0.00
20 0.37
40 0.63
60 0.82
80 0.90
90 1.00

5.6.3 Discharge Control Pit (DCP)

As previously stated, a DCP (see Figure 5.10) is typically used to house a flow regulator for an above-ground
storage. The DCP provides a link between the storage and the connection to the municipal stormwater
drainage system.

To facilitate access and ease of maintenance, the minimum internal dimensions (width and breadth) of a DCP
shall be as follows:

e up to 600mm deep : 600mm x 600mm; and
e greater than 600mm deep : 900mm x 900mm.

These dimensions can be increased to allow greater screen sizes or improve access.

The following minimum dimensions will achieve predictable hydraulic characteristics:

e minimum design head =2 D, (from centre of orifice to top of overflow);
e minimum screen clearance = 1.5 D, (from orifice to upstream face of screen); and
e minimum floor clearance = =1.5 D, (from centreline of orifice to bottom of pit).

Note: D, is the diameter of the orifice.

H Overflow Weir
i_ Top of Bund Wall

? Detention
Galvanised Grate Storage

Screen

Inlet
Pipe

Compactec
Granular
Base

Seepage Holes

Figure 5.10: Typical DCP (After UPRCT,1999)
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5.7 SECONDARY OUTLET

A suitable overflow arrangement must be provided to cater for rarer storms than the OSD facilities were
designed for, or in the event of a blockage anywhere in the site drainage system.

The most commonly used arrangement for an above-ground storage is a broad-crested weir which, with most
storages, can be designed to pass the entire overflow discharge with only a few centimetres depth of water over
the weir. This is particularly desirable for car park storages to minimise the potential for water damage to
parked vehicles. For a below-ground storage, it is common for the access chamber or manhole to be designed
as the overflow system. If this is not practicable, an overflow pipe may be provided at the top of the storage to
discharge to a safe point downstream.

It is essential that the access opening or overflow pipe has sufficient capacity to pass the storage design storm
flow. An access point must be sized for the dimensions required to pass this flow or the dimensions required
for ease of access, whichever is larger. Some typical examples of secondary outlets for above and below-ground
storages are illustrated in Figure 5.11.

Overflow through
rectangular broad-crested
weir slot jn retaining wall

PLAN ’? g —e

Garage %
& \\ ‘
‘ Ne SECTION A-A
Impervious
o Area Storage
on Driveway
Dwelling yk\ Overflow from Access Chamber
Secondary [ Grate Directed Down Driveway
Ll ¢ Outlet —=
2
Open ﬁll/B Underground Underground
Drain L P Tank Tank
ey V| VY
A A H T~ Secondary
4m % * 1 LJV B Outlet
A SECTION B-B
Secondary Street Landscaped
Outlet Storage Area

Overflow down Driveway (Shallow Vee-
shaped or Trapezoidal Driveway Cross-section)

VA —

DCP

SECTION C-C

Figure 5.11: Examples of Secondary Outlets
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5.8 DESIGN PROCEDURE

Instead of the computations specified in the previous edition of MSMA, the simplified procedure only involves
the use of tables, figure and simple computations. Tables and figure that used in OSD design computations are
as follows:

e Figure 5.A1: 5 (Five) Design Regions;

e Table 5.A1: Maximum Permissible Site Discharge (PSD) and Minimum Site Storage Requirement (SSR)
Values in Accordance with The Five Regions in Peninsular Malaysia;

e Table 5.A2: Maximum Permissible Site Discharge (PSD), Minimum Site Storage Requirement (SSR) and
Inlet Values in Accordance with The Major Towns in Peninsular Malaysia;

e Table 5.A3: OSD Volume, Inlet Size and Outlet Size for Five Different Regions in Peninsular Malaysia;
and

e Table 5.A4: Discharge - Pipe Diameter.
5.8.1 Design Consideration

(a) Design Storm ARI

The design storm shall be 10 year ARI in accordance with the minor drainage system ARI provided in Table 1.1.

(b)  Permissible Site Discharge (PSD)

The PSD is the maximum allowable post-development discharge from a site for the selected design storm and is
estimated on the basis that flows within the downstream stormwater drainage system will not be increased.

(c) Site Storage Requirement (SSR)

The SSR is the total amount of storage required to ensure that the required PSD is not exceeded and the OSD
facility does not overflow based on the storage design storm ARIL

(d)  Concept Plan Preparation

An OSD Concept Plan (OCP) is required to support all development applications except for single family
dwellings, properties located near the end of a drainage system such as lakeside or seaside properties. The
purpose of OCP is to identify the drainage constraints and to demonstrate that the OSD system can be
integrated into the proposed site layout. In the preparation of OCP, preliminary design of OSD storage system
needs to be carried out. The steps involved are as shown in Figure 5.12.

Developers should involve their OSD designer in developing the initial site layout. There are issues to be
addressed at the conceptual stage, these include:

e simplifying the design by identifying adequate storage areas in the planning stage;

e allowing for the cost of development relating to OSD at the planning stage;

e reducing project costs by maximising the use of proposed landscape and architectural features as part of
the OSD system;

e constructing in multi lot subdivisions, a common OSD system on one lot rather than a separate system
on each individual lot;

e diverting overland flows from upstream past the OSD unless the storage volume is increased to cater for
the upstream catchment; and

e grading the site to ensure that all flows are directed to the storage even if blockages or larger storm
event occur.

5-12 NOT FOR SALE On-site Detention



NOT FOR SALE

MSMA 27 Edition. 2012 | DID Malaysia

Detention development site to identify
drainage constraints

Undertake site survey and prepare
contour plan

Prepare preliminary drainage plan

Review architectural/building,
landscape plans

Submit preliminary drainage plan
with land sub-division application

Discussion site layout with
architect/builder/developer

|
|
|
|
|
|

external flows entering the site;
catchment area of any external flows;
potential discharge points; and
potential storage areas.

location and levels of public drainage system;
sufficient surface levels to characterize site;

extending into adjoining lots if necessary; and

any other constraints (e.g. services and drainage
reserves).

estimate storage volume required;
estimate external flow entering the site; and
establish building and site layout.

select type and location of suitable storage(s);
determine areas unable to drain to storages;

estimate storage levels assess available discharge
points;

identify emergency spillway types and locations; and
identify overland flow paths for external flows and
storage overflows.

check other plans prepared for the development for
any anomalies or conflicts with the preliminary
drainage plan.

Figure 5.12: Preliminary Design Procedure for OSD Storage Systems (DID, 2000)
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5.8.2  Design Steps
The steps involved in a typical design required to be carried out are outlined in Figure 5.13.
A step by steps procedure for designing storage system of OSD are as follows:

Step1: Determine the storage type(s) to be used within the site, i.e. separate above and/or below-ground
storage(s), or a composite above and below- ground storage.

Step 2: Identify the region of the detention site from Figure 5.Al.
Step 3: Determine the catchment characteristics such as terrain type and percentage of impervious area.

Step 4: Determine Permissible Site Discharge (PSD) per hectares (PSD/ha) from Table 5.A1. Then multiply
with project area to determine PSD.

Step 5: Determine Site Storage Requirement (SSR) per hectares (SSR/ha) from Table 5.A1. Then multiply with
project area to determine SSR.

Step 6: Identify the major town of the detention site in Table 5.A2 and determine inlet flow per hectares from
Table 5.A2 . Then multiply with project area to determine inlet flow.

Step 7: Determine PSD per hectares (PSD/ha) from Table 5.A2. Then multiply with detention area to
determine PSD.

Step 8: Determine SSR per hectares (SSR/ha) from Table 5.A2. Then multiply with detention area to
determine SSR.

Step 9: Compare the value of PSD from Step 4 and Step 7. The smaller PSD value is adopted for subsequent
sizing of outlet pipe.

Step 10: Compare the value of SSR from Step 5 and Step 8. The larger SSR value is adopted for Selected Design
Value.

Step 11: Determine the Inlet Pipe diameter from Table 5.A3.
Step 12: Determine the Outlet Pipe diameter from Table 5.A3.

Step 13: Determine the Inlet Pipe diameter from Table 5.A4 by using the Inlet Flow value from Step 6 as
discharge.

Step 14: Determine the Outlet Pipe diameter from Table 5.A4 by using the PSD value from Step 9 as discharge.

Step 15: Compare the value of Inlet Pipe diameter and from Step 11 and Step 13. The smaller Inlet Pipe
diameter is adopted for Selected Design Value.

Step 16: Compare the value of Outlet Pipe diameter and from Step 12 and Step 14. The smaller Outlet Pipe
diameter is adopted for Selected Design Value.

5.8.3 Simplified OSD Design Procedure

The main objective in the design of OSD facilities is to determine the required storage (SSR) to reduce the post
development discharge to that of the pre-development level (PSD) . In order to achieve this the outlet structure
needs to be sized appropriately. The OSD Design Manual simplifies most of the processes involved in the
design of OSD facilities required for a proposed site, taking into consideration the design storm for short
duration rainfall less than 1 hour, the critical time of concentration for various slopes and catchment areas, the
PSD and the SSR for the site. The determination of each parameter was based on the assumptions that
Peninsular Malaysia can be divided into five design regions having different uniform design storms, as shown
in Figure 5.A1.

(1)  Permissible Site Discharge (PSD)

The maximum allowable discharge leaving the site is given in litres/second/hectare (I/s/ha), or in
litres/second (1/s) when applied to a specific site. The maximum PSD is about 65 1/s/ha. This needs to be
adjusted in accordance with the design regions as shown in Figure 5.A1 and the results were summarised in
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Obtain copies of approved plans and
conditions

Select discharge control device and
finalise storage volumes

Design storage systems

Design drainage conveyance system

Prepare detailed design drawings

Prepare calculation sheets and
maintenance schedule

Review design

N/ N 2 U N

Submit detailed drainage plan with
building plan application

N N N A N T e N

approve preliminary drainage plan;
development/subdivision consent conditions; and
landscape and architectural /building plans.

select discharge control device for each storage;
establish level of outlet(s) and ensure free outfall if
possible; and

finalise required volume(s).

distribute final storage volume(s) to minimize;
nuisance ponding conditions to property owners;
check underground storages for access and ease of
maintenance; and

ensure sufficient weir capacity for storage overflows.

ensure storage design ARI flows are conveyed to
storage for all areas designed to drain to storages; and
check overland flowpaths have adequate capacity to
ensure external flows bypass on-site storages.

undertake structural design of system elements as
necessary;

prepare plans of sufficient standard an detail to allow
builders/plumbers to construct system; and

specify construction materials.

prepare calculation sheets for each storage system;
and

prepare maintenance schedule outlining necessary
maintenance practices.

review other plans prepared for the development for
any anomalies or conflicts with detailed drainage
plan; and

check all stormwater-related development consent
conditions have been satisfied.

Figure 5.13: Detailed Design Procedure for OSD Storage Systems (DID, 2000)

On-Site Detention
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Tabel 5.A1. Table 5.A3 shows the inlet sizes which represent the PSD capacity. The examples of how to use
these tables and figures are given in Appendix 5.B.

(b)  Site Storage Requirement (SSR)

The minimum volume (in m’ /hectare or in m’ when applied to a specific site) is required for storage to ensure
that spillage will not occur when the outflow is restricted to the PSD. The minimum SSR for an OSD storage
that has a Discharge Control Pit (DCP) that achieves the full PSD early in the storm event is presented in Table

5.A1 which shows the values in accordance with the design region, in m’ /ha. Information about SSR for major
towns in Peninsular Malaysia is provided in Table 5.A2.

Table 5.A3 can be used to determine the size of the OSD storage, and its inlet and outlet structures for different
types of development projects in Malaysia when the project area, terrain slope and percentage of impervious
area are known. Examples of how to use these tables are presented in Appendix 5.B.

(¢)  Minimum Outlet Size

To reduce the likelihood of the DCP outlet being blocked by debris, the outlet opening shall have a minimum
internal diameter or width of at least 30 mm and shall be protected by an approved screen. Stainless steel well
screen fabric is more preferable instead of mesh sreen in controlling trash entering the orifice due to the nature
of easier cleaning after accumulating trash. Table 5.A3 provides the pipe diameter for the outlet in respect to
the PSD requirements in different regions in Peninsular Malaysia.

(d)  Overflow Pipe/Spillway

An overflow system must be provided to allow the storage compartment to surcharge in a controlled manner if
the capacity of the system is exceeded due to a blockage of the outlet pipe or a storm larger than the design
ARI. An overflow can be provided by installing a pipe/weir and the size of pipe is given in Table 5.A3. The
weir size can be calculated based on pipe area, which can be determined for a given pipe diameter. Figure 5.A2
can also be used to determine the pipe sizes.
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Figure 5.A1: Five (5) Design Regions

On-Site Detention NOT FOR SALE 519



NOT FOR SALE
MSMA 2nd Edition. 2012 | DID Malaysia

Table 5.A1: Maximum Permissible Site Discharge (PSD) and Minimum Site Storage Requirement (SSR) Values
in Accordance with The Five Regions in Peninsular Malaysia

Tersain/S1 PSD (I/s/ha) | SSR (m3/ha)
eg;;z{ﬁozpe Impervious Area (as a Percentage of Project Area)
5% [ a0% [ 50% [ 75w [ 90w [ 25% [ a0 | s0% [ 7% | 90%
REGION 1-WEST COAST

Lowlying 63.4 64.2 64.5 65.2 65.5 3222 363.0 394.2 478.3 540.4

Mild 76.7 77.5 779 78.7 79.1 306.6 340.0 367.2 448.5 504.7

Steep 87.7 88.6 89.1 90.1 90.5 294.0 327.0 350.5 426.7 478.8

REGION 2 - EAST COAST

Lowlying 53.0 53.6 53.9 54.5 547 276.6 350.4 4107 609.1 768.8

Mild 61.1 61.8 62.2 62.8 63.1 257.6 3217 3739 546.1 678.7

Steep 67.4 68.2 68.6 69.3 69.6 243.5 302.6 351.0 509.9 625.9
REGION 3 - NORTHERN

Lowlying 54.8 55.4 55.7 56.3 56.5 311.1 353.3 389.7 493.3 564.4

Mild 68.0 68.8 69.2 69.9 70.2 295.5 3283 360.3 454.0 521.6

Steep 77.3 78.2 78.6 79.5 79.8 284.8 316.2 341.8 430.3 492.6
REGION 4 - HIGHLAND

Lowlying 42.6 431 434 438 44.0 227.8 285.7 3314 460.5 546.6

Mild 49.6 50.2 50.5 51.0 51.2 2123 266.0 307.3 4282 509.2

Steep 55.0 55.6 56.0 56.5 56.8 2021 252.3 291.0 405.5 484.1
REGION 5 - SOUTHERN

Lowlying 61.1 61.9 62.2 02.8 63.1 315.0 362.0 398.4 501.0 572.7

Mild 748 75.7 76.1 76.9 772 298.5 340.9 372.6 465.9 532.3

Steep 834 84.3 84.8 85.7 86.1 288.5 3233 3525 4428 505.0
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Table 5.A2: Maximum Permissible Site Discharge (PSD), Minimum Site Storage Requirement (SSR) and Inlet
Values in Accordance with The Major Towns in Peninsular Malaysia

Terrain/ Slope PSD (l/s/ha) | SSR (m?/ha) | Inlet (I/s/ha)
Condition Impervious Area (as a Percentage of Project Area)
5% | 4% | 50% | 7% [ 0% [ 25% % | s [ 7w | 9w | 2% % | s | 7% 90%
BATU PAHAT
Low-lying 51 156 59 163 166 2192 2937 311 373 5026 107.0 1250 1370 1660 1840
Mild 55.6 56.2 56.6 571 574 247 738 3047 1037 1684 1270 1460 1580 1890 2080
Steep 62.3 63.0 634 64.0 643 256 2%18 2913 3835 w1 1400 1590 1720 2040 240
JOHOR BAHRU
Low-lying 611 619 62.2 628 631 3150 3620 3984 5010 5727 1380 1570 1700 2000 210
Mild 748 757 761 769 772 2985 3409 3726 1659 5323 1630 1840 2000 2310 2520
Steep 834 843 848 85.7 86.1 285 3233 3525 1428 50.0 1810 2000 2150 2500 2710
SEGAMAT
Low-lying 414 419 21 25 27 2943 32656 3560 4549 5212 1100 1300 1400 1700 1900
Mild 186 091 94 99 501 2892 11 3500 316 1974 1400 1500 1700 2000 2200
Steep 542 548 55.1 55.7 559 2802 3105 3329 4151 1791 1500 1700 1800 2200 2400
MELAKA
Low-lying 579 585 589 595 59.7 296.1 3492 3884 4874 547.3 1300 1500 1700 2000 200
Mild 714 72 726 734 737 m3 3186 3555 531 5124 1300 1500 1700 2000 2200
Steep 783 79.2 796 804 808 262.9 3065 3397 1364 505.4 1700 1900 2000 2400 2600
KUALA PILAH
Low-lying 37 361 3.3 3.7 338 252 2%23 2898 3731 096 900 1100 1200 1400 1600
Mild 46 52 154 859 461 2145 u75 735 3492 4021 1100 1300 1400 1700 1800
Steep 506 512 515 520 52.2 2076 2380 2637 33.2 3856 1200 1400 1500 1800 2000
SEREMBAN
Low-lying 25 329 31 334 35 232 2563 2786 3655 049 800 1000 1100 1400 1500
Mild 398 403 05 409 411 2144 5.7 2%78 332 3986 1000 1200 1300 1600 1800
Steep 158 164 166 471 473 209.1 237.2 2592 32%5 3803 1100 1300 1400 1700 1900
KUALA LUMPUR
Lowlying 604 610 614 62.0 62.3 305.2 3467 3779 4661 5297 1300 1500 1600 1900 2100
Mild 712 720 724 731 734 2926 3279 3580 4396 1978 1600 1730 1900 2200 200
Steep 817 82.6 83.0 83.9 84.3 2806 3126 3405 4180 4716 1700 190.0 2100 2400 260.0
KUALA KUBU BAHRU
Lowlying 26 031 34 38 40 278 257 3314 4605 5466 1000 1200 1300 1600 1700
Mild 96 502 505 510 512 2123 266.0 307.3 982 509.2 1200 1400 1500 1800 2000
Steep 55.0 556 56.0 56.5 56.8 202.1 2523 2910 4055 1841 1300 1500 1600 1900 2100
RAUB
Lowlying 37 402 404 408 410 2524 3186 3713 5230 6240 1100 1200 1400 1600 1800
Mild 166 472 474 479 481 233 2956 3426 4848 5795 1200 1400 1500 1800 2000
Steep 520 526 529 534 53.6 2177 279.7 3234 1578 549.1 1300 1500 1600 1900 2100
CAMERON HIGHLAND
Low-lying 341 u5 317 31 352 1928 237.7 2699 3580 4150 830 1000 1100 1360 1500
Mild 04 09 831 36 87 180.1 2192 2502 3348 388.1 1000 1160 1300 1550 1720
Steep 474 479 182 487 189 1734 2089 2391 3211 3741 1080 1260 1400 167.0 1800
KUANTAN
Low-lying 616 62.3 626 633 63.6 3225 3837 4300 5472 615.7 1480 1700 1800 2120 2300
Mild 7.9 737 741 79 752 3018 3563 3979 5137 5840 1700 1930 2100 2340 2590
Steep 798 807 §1.2 820 824 2899 340.1 3804 14937 5636 1880 2080 200 2550 2800
TELUK INTAN
Low-lying 165 471 474 78 180 315 3758 4129 5261 5976 1300 1500 1600 2000 2100
Mild 570 57.7 580 586 589 3190 356 3887 492.0 5628 1600 1800 1900 200 200
Steep 649 656 66.0 66.7 67.0 309.7 3423 3m31 468.3 5374 1700 190.0 2100 2400 260.0
IPOH
Low-lying 634 642 645 652 655 3222 330 3942 1783 5404 1300 1500 1700 2000 200
Mild 767 775 779 787 791 306.6 3400 37.2 185 5047 1600 1800 2000 2300 2500
Steep 87.7 886 89.1 901 905 2940 370 3505 467 4788 1600 2000 200 2500 2700
KUALA KANGSAR
Low-lying 472 477 1480 85 1487 233 335.0 365.0 4650 5400 1200 1300 1500 1800 1900
Mild 608 615 618 625 62.8 2%7.0 3028 3400 240 186.0 1400 1600 1700 2000 2200
Steep 744 752 757 765 768 2513 2900 3180 14130 188.0 1500 1700 1900 2200 2400
KUALA TERENGGANU
Low-lying 530 536 539 545 547 2766 3504 4107 609.1 7688 1300 1400 1600 1900 2100
Mild 611 618 62.2 628 631 2576 3217 3739 5461 6787 1400 1600 1700 2100 2300
Steep 674 682 68.6 69.3 69.6 35 3026 3510 509.9 6259 1500 170.0 190.0 200 2400
KOTA BAHRU
Low-lying 608 615 618 625 62.8 3%.1 3998 483 5711 6455 1500 1700 1800 2100 2300
Mild 721 729 733 740 744 3113 37.1 14140 5%.3 608.9 1700 1900 2100 2400 2600
Steep 792 801 805 813 817 2989 3516 3931 5132 586.4 1900 2100 2200 2600 2800
ALOR SETAR
Low-lying 548 554 55.7 56.3 56.5 3111 3533 3897 4933 5644 1300 1500 160.0 1900 2100
Mild 68.0 688 69.2 699 702 255 3283 360.3 4540 5216 1500 1800 1900 200 200
Steep 773 782 786 795 798 2848 3162 3418 4303 4926 1700 190.0 2100 2400 260.0
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Table 5.A3: OSD Volume, Inlet Size and Outlet Size for Five Different Regions in Peninsular Malaysia

Region 1
Impervious Area (as Percentage of Project Area)
25% 40% 50% 75% 90%
Project Area
(ha) Volume Inlet & Ou'tlet Volume Inlet & Ou'tlet Volume Inlet & Ou'tlet Volume Inlet & Ou'tlet Volume Inlet & Ou'tlet
(m3) O'verflow Dia. (m3) O.verﬂow Dia. (m?) O.verflow Dia. (m?) O.verflow Dia. (m?) O'verflow Dia.
Dia. (mm) (mm) Dia. (mm) (mm) Dia. (mm) (mm) Dia. (mm) (mm) Dia. (mm) (mm)
TERRAIN : LOWLYING, SLOPE 1 : 2000 TO 1 : 5000
0.1 32 129 62 36 138 62 39 147 62 48 160 62 54 167 62
0.2 64 182 87 73 195 87 79 208 87 96 226 87 108 237 87
0.4 129 257 124 145 276 124 158 294 124 192 319 124 216 335 124
0.6 193 315 151 218 339 151 236 350 151 288 391 151 324 410 151
0.8 258 364 175 290 391 175 315 416 175 384 451 175 432 474 175
1 322 407 195 363 437 195 394 465 195 480 500.00 195 540 529 195
2 770 422 276 870 479 276 950 505 276 1190 553 276 1360 576 276
3 1155 517 339 1305 586 339 1425 618 339 1785 677 339 2040 705 339
4 1540 597 391 1740 677 391 1900 714 391 2380 782 391 2720 814 391
5 1925 668 437 2175 757 437 2375 798 437 2975 874 437 3400 910 437
TERRAIN : MILD, SLOPE1:875 TO1:1999
0.1 31 143 69 34 151 69 37 160 69 45 171 70 51 178 70
0.2 61 202 97 68 214 97 74 226 97 90 242 98 101 252 98
0.4 122 286 137 136 303 137 148 319 137 180 342 139 202 357 139
0.6 183 350 168 204 371 168 222 391 168 270 419 170 303 437 170
0.8 244 404 194 272 428 194 296 451 194 360 484 197 404 505 197
1 305 451 217 340 479 217 370 505 217 450 541 220 505 564 220
2 740 451 307 840 505 307 910 529 307 1140 597 311 1300 618 311
3 1110 553 376 1260 618 376 1365 648 376 1710 731 381 1950 757 381
4 1480 638 434 1680 714 434 1820 749 434 2280 845 440 2600 874 440
5 1850 714 485 2100 798 485 2275 837 485 2850 944 492 3250 977 492
TERRAIN : STEEP, SLOPE1:100 TO 1 : 874
0.1 30 143 73 32.5 160 73 35 167 74 43 178 74 48 185 74
0.2 59 202 103 65 226 103 70 237 105 86 252 105 96 262 105
0.4 118 286 146 130 319 146 140 335 148 172 357 148 192 371 148
0.6 177 350 179 195 391 179 210 410 181 258 437 181 288 454 181
0.8 236 404 207 260 451 207 280 474 209 344 505 209 384 525 209
1 295 451 231 325 505 231 350 529 234 430 564 234 480 586 234
2 710 505 327 810 553 327 870 576 331 1080 638 331 1230 658 331
3 1065 618 401 1215 677 401 1305 705 405 1620 782 405 1845 806 405
4 1420 714 463 1620 782 463 1740 814 468 2160 903 468 2460 931 468
5 1775 798 517 2025 874 517 2175 910 523 2700 1010 523 3075 1041 523
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Region 2
Impervious Area (as Percentage of Project Area)
25% 40% 50% 75% 90%
Project Area
(ha) Volume Inlet & Outlet Volume Inlet & Outlet Volume Inlet & Outlet Volume Inlet & Outlet Volume Inlet & Outlet
(m?) O.verflow Dia. (m?) O.verflow Dia. (m?) 0.verﬂow Dia. (m?) O'verflow Dia. (m?) O.verflow Dia.
Dia. (mm) | (mm) Dia. (mm) [ (mm) Dia. (mm) | (mm) Dia. (mm) | (mm) Dia. (mm) | (mm)
TERRAIN : LOWLYING, SLOPE 1 : 2000 TO 1 : 5000
0.1 28 129 55 35 134 55 41 143 56 61 156 56 77 164 56
0.2 55 182 78 70 189 78 82 202 80 96 226 80 154 231 80
0.4 110 257 111 140 267 111 164 286 113 192 319 113 308 327 113
0.6 165 315 135 210 327 135 246 350 138 288 391 138 462 401 138
0.8 220 364 156 280 378 156 328 404 160 384 451 160 616 463 160
1 275 407 175 350 422 175 410 451 178 610 451 178 770 517 178
2 730 451 247 980 505 247 1190 529 252 1870 576 252 2290 618 252
3 1095 553 303 1470 618 303 1785 648 309 2805 705 309 3435 757 309
4 1460 638 350 1960 714 350 2380 749 357 3740 814 357 4580 874 357
5 1825 714 391 2450 798 391 2975 837 399 4675 910 399 5725 977 399
TERRAIN : MILD, SLOPE1:875 TO1:1999
0.1 26 134 61 33 143 61 38 147 61 55 164 62 68 171 62
0.2 52 189 86 65 202 86 75 208 86 109 231 87 136 242 87
0.4 104 267 122 130 286 122 150 294 122 218 327 124 272 342 124
0.6 156 327 149 195 350 149 225 360 149 327 401 151 408 419 151
0.8 208 378 172 260 404 172 300 416 172 436 463 175 544 484 175
1 260 422 192 325 451 192 375 465 192 545 517 195 680 541 195
2 680 479 247 900 529 247 750 553 247 1710 618 276 2130 638 276
3 1020 586 303 1350 648 303 1125 677 303 2565 757 339 3195 782 339
4 1360 677 350 1800 749 350 1500 782 350 3420 874 391 4260 903 391
5 1700 757 391 2250 837 391 1875 874 391 4275 977 437 5325 1010 437
TERRAIN : STEEP, SLOPE1:100 TO 1: 874
0.1 25 138 64 30.5 147 64 35 156 64 51 167 65 62.5 175 65
0.2 49 195 90 61 208 90 70 220 90 102 237 92 125 247 92
0.4 98 276 128 122 294 128 140 311 128 204 335 130 250 350 130
0.6 147 339 156 183 360 156 210 381 156 306 410 159 375 428 159
0.8 196 391 181 244 416 181 280 440 181 408 474 183 500 495 183
1 245 437 202 305 465 202 350 492 202 510 529 205 625 553 205
2 640 505 286 840 553 286 1010 576 286 1500 638 290 1810 677 290
3 960 618 350 1260 677 350 1515 705 350 2250 782 355 2715 829 355
4 1280 714 404 1680 782 404 2020 814 404 3000 903 410 3620 958 410
5 1600 798 451 2100 874 451 2525 910 451 3750 1010 458 4525 1071 458
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Region 3
Impervious Area (as Percentage of Project Area)
25% 40% 50% 75% 90%
Project Area
ha) Volume Inlet & Outlet | Volume Inlet & Outlet | Volume Inlet & Outlet | Volume Inlet & Outlet | Volume Inlet & Outlet
(m3) O.verflow Dia. (m3) O.verflow Dia. (m3) O.verflow Dia (m3) O_verflow Dia. (m3) O.verflow Dia
Dia. (mm) Dia. (mm) Dia. (mm) Dia. (mm) Dia. (mm)
(mm) (mm) (mm) (mm) (mm)
TERRAIN : LOWLYING, SLOPE 1 : 2000 TO 1 : 5000
0.1 32 129 58 36 138 58 39 143 59 49.5 156 59 57 164 59
0.2 63 182 81 71 195 81 78 202 83 96 226 83 113 231 83
0.4 126 257 115 142 276 115 156 286 117 192 319 117 226 327 117
0.6 189 315 141 213 339 141 234 350 144 288 391 144 339 401 144
0.8 252 364 163 284 391 163 312 404 166 384 451 166 452 463 166
1 315 407 182 355 437 182 390 451 185 495 492 185 565 517 185
2 740 422 257 850 479 257 960 505 262 1250 553 262 1450 597 262
3 1110 517 315 1275 586 315 1440 618 321 1875 677 321 2175 731 321
4 1480 597 364 1700 677 364 1920 714 371 2500 782 371 2900 845 371
5 1850 668 407 2125 757 407 2400 798 415 3125 874 415 3625 944 415
TERRAIN : MILD, SLOPE 1:875 TO 1:1999
0.1 30 138 65 33 151 65 36 156 65 46 167 65 53 175 66
0.2 60 195 92 66 214 92 72 220 92 91 237 92 105 247 93
0.4 120 276 130 132 303 130 144 311 130 182 335 130 210 350 132
0.6 180 339 159 198 371 159 216 381 159 273 410 159 315 428 161
0.8 240 391 183 264 428 183 288 440 183 364 474 183 420 495 186
1 260 437 205 325 479 205 375 492 205 545 529 205 680 553 208
2 710 451 290 820 505 290 910 529 290 1180 597 290 1370 618 294
3 1065 553 355 1230 618 355 1365 648 355 1770 731 355 2055 757 360
4 1420 638 410 1640 714 410 1820 749 410 2360 845 410 2740 874 416
5 1775 714 458 2050 798 458 2275 837 458 2950 944 458 3425 977 465
TERRAIN : STEEP, SLOPE1:100 TO 1: 874
0.1 29 147 69 31.5 156 69 34.5 164 70 43 175 70 49.5 182 70
0.2 57 208 97 63 220 97 69 231 98 86 247 98 99 257 98
0.4 114 294 137 126 311 137 138 327 139 172 350 139 198 364 139
0.6 171 360 168 189 381 168 207 401 170 258 428 170 297 446 170
0.8 228 416 194 252 440 194 276 463 197 344 495 197 396 515 197
1 285 465 217 315 492 217 345 517 220 430 553 220 495 576 220
2 690 505 307 790 553 307 870 576 311 1130 638 311 1310 658 311
3 1035 618 376 1185 677 376 1305 705 381 1695 782 381 1965 806 381
4 1380 714 434 1580 782 434 1740 814 440 2260 903 440 2620 931 440
5 1725 798 485 1975 874 485 2175 910 492 2825 1010 492 3275 1041 492
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Region 4
Impervious Area (as Percentage of Project Area)
25% 40% 50% 75% 90%
Project Area
(ha) Volume Inlet & Ou.tlet Volume Inlet & Ou.tlet Volume Inlet & Ou.tlet Volume Inlet & Ouflet Volume Inlet & Ouflet
(m3) O.verflow Dia. (m3) O.verflow Dia. (m3) O.verﬂow Dia. (m3) O.verflow Dia. (m3) O.verflow Dia.
Dia. (mm) | (mm) Dia. (mm) | (mm) Dia. (mm) | (mm) Dia. (mm) | (mm) Dia. (mm) | (mm)
TERRAIN : LOWLYING, SLOPE 1 : 2000 TO 1 : 5000
0.1 23 113 50 29 124 52 34 129 52 46 143 52 55 147 52
0.2 46 160 71 57 175 73 67 182 73 96 226 73 109 208 73
0.4 92 226 101 114 247 103 134 257 103 192 319 103 218 294 103
0.6 138 276 124 171 303 127 201 340 127 288 391 127 327 360 127
0.8 184 319 143 228 350 146 268 364 146 384 451 146 436 416 146
1 230 357 160 285 391 164 335 407 164 460 451 164 545 465 164
2 540 391 226 690 451 231 800 479 231 1100 529 231 1290 553 231
3 810 479 276 1035 553 283 1200 586 283 1650 648 283 1935 677 283
4 1080 553 319 1380 638 327 1600 677 327 2200 749 327 2580 782 327
5 1350 618 357 1725 714 366 2000 757 366 2750 837 366 3225 874 366
TERRAIN : MILD, SLOPE1: 875 TO 1:1999
0.1 22 124 55 27 134 55 31 138 55 43 151 55 51 160 55
0.2 43 175 78 54 189 78 62 195 78 86 214 78 102 226 78
0.4 86 247 111 108 267 111 124 276 111 172 303 111 204 319 111
0.6 129 303 135 162 327 135 186 339 135 258 371 135 306 391 135
0.8 172 350 156 216 378 156 248 391 156 344 428 156 408 451 156
1 215 391 175 270 422 175 310 437 175 430 479 175 510 505 175
2 540 422 247 680 479 247 790 505 247 1090 553 247 1290 597 247
3 810 517 303 1020 586 303 1185 618 303 1635 677 303 1935 731 303
4 1080 597 350 1360 677 350 1580 714 350 2180 782 350 2580 845 350
5 1350 668 391 1700 757 391 1975 798 391 2725 874 391 3225 944 391
TERRAIN : STEEP, SLOPE1:100 TO 1: 874
0.1 21 129 59 255 138 59 29 143 59 40.5 156 59 48.5 164 59
0.2 41 182 83 51 195 83 58 202 83 81 220 83 97 231 83
0.4 82 257 117 102 276 117 116 286 117 162 311 117 194 327 117
0.6 123 315 144 153 339 144 174 350 144 243 381 144 291 401 144
0.8 164 364 166 204 391 166 232 404 166 324 440 166 388 463 166
1 205 407 185 255 437 185 290 451 185 405 492 185 485 517 185
2 520 451 262 650 505 262 750 553 262 1040 597 262 1230 618 262
3 780 553 321 975 618 321 1125 677 321 1560 731 321 1845 757 321
4 1040 638 371 1300 714 371 1500 782 371 2080 845 371 2460 874 371
5 1300 714 415 1625 798 415 1875 874 415 2600 944 415 3075 977 415
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Region 5
Impervious Area (as Percentage of Project Area)
25% 40% 50% 75% 90%
Project Area
(ha) Volume Inlet & Ouflet Volume Inlet & Ou.tlet Volume Inlet & Ou.tlet Volume Inlet & Ouflet Volume Inlet & Ouflet
(m) O.verflow Dia. (o) O.verflow Dia (m3) O.verﬂow Dia. (m3) O.verflow Dia. (m) O.verflow Dia.
Dia. (mm) | (mm) Dia. (mm) | (mm) Dia. (mm) (mm) Dia. (mm) (mm) Dia. (mm) (mm)
TERRAIN : LOWLYING, SLOPE 1 : 2000 TO 1 : 5000
0.1 32 133 61 37 141 62 40 147 62 50 160 62 58 168 62
0.2 63 188 86 73 200 87 80 208 87 96 226 87 115 237 87
0.4 126 265 122 146 283 124 160 294 124 192 319 124 230 336 124
0.6 189 325 149 219 346 151 240 355 151 288 391 151 345 411 151
0.8 252 375 172 292 400 175 320 416 175 384 451 175 460 475 175
1 315 419 192 365 447 195 400 465 195 500 507 195 575 531 195
2 750 443 272 880 484 276 970 510 276 1260 569 276 1460 604 276
3 1125 542 333 1320 593 339 1455 624 339 1890 697 339 2190 739 339
4 1500 626 384 1760 685 391 1940 721 391 2520 804 391 2920 854 391
5 1875 700 430 2200 765 437 2425 806 437 3150 899 437 3650 954 437
TERRAIN : MILD, SLOPE 1:875 TO 1:1999
0.1 30 144 68 35 153 68 38 158 68 47 172 69 54 179 69
0.2 60 204 96 69 217 96 75 224 96 93 243 97 107 253 97
0.4 120 288 135 138 306 135 150 317 135 186 343 137 214 358 137
0.6 180 353 166 207 375 166 225 388 166 279 420 168 321 439 168
0.8 240 408 192 276 433 192 300 448 192 372 485 194 428 507 194
1 300 456 214 345 484 214 375 501 214 465 542 217 535 567 217
2 740 482 303 850 522 303 940 546 303 1220 606 307 1420 638 307
3 1110 590 371 1275 639 371 1410 669 371 1830 742 376 2130 782 376
4 1480 681 428 1700 738 428 1880 772 428 2440 857 434 2840 903 434
5 1850 761 479 2125 826 479 2350 863 479 3050 958 485 3550 1010 485
TERRAIN : STEEP, SLOPE1:100 TO 1: 874
0.1 30 152 71 32.5 160 71 35 165 72 44.5 178 72 50.5 186 72
0.2 59 215 101 65 227 101 70 234 102 89 252 102 101 263 102
0.4 118 304 143 130 321 143 140 331 145 178 357 145 202 372 145
0.6 177 372 175 195 393 175 210 405 177 267 437 177 303 455 177
0.8 236 429 202 260 454 202 280 468 204 356 505 204 404 526 204
1 300 480 226 320 507 226 290 523 229 405 564 229 485 588 229
2 700 512 319 800 555 319 880 580 323 1130 640 323 1300 673 323
3 1050 627 391 1200 680 391 1320 710 396 1695 784 396 1950 825 396
4 1400 724 451 1600 785 451 1760 820 457 2260 906 457 2600 952 457
5 1750 810 505 2000 878 505 2200 917 511 2825 1013 511 3250 1065 511
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Table 5.A4: Discharge and Pipe Diameter Relationship

Terrain: Lowlying

Discharge Pipe Diameter
(m3/s) (mm)
0.01 236
0.02 247
0.04 270
0.06 292
0.08 315
0.1 338
0.12 361
0.16 406
0.22 474
0.24 497
0.28 542
0.32 587
0.36 633
0.42 701
0.48 769
0.52 814
0.56 860
0.62 928
0.66 973
0.72 1041
0.78 1109
0.82 1154

Terrain: Mild

Discharge | Pipe Diameter

(m?/s) (mm)
0.01 250
0.02 261
0.04 282
0.06 303
0.08 325
0.1 346
0.12 367
0.16 410
0.22 474
0.24 495
0.28 538
0.32 581
0.36 623
0.42 687
0.48 751
0.52 794
0.56 836
0.62 900
0.66 943
0.72 1007
0.78 1071
0.82 1114

Terrain: Steep

Discharge Pipe Diameter
(m3/s) (mm)
0.01 259
0.02 269
0.04 288
0.06 307
0.08 326
0.1 345
0.12 364
0.16 402
0.22 459
0.24 478
0.28 516
0.32 554
0.36 592
0.42 649
0.48 707
0.52 745
0.56 783
0.62 840
0.66 878
0.72 935
0.78 992
0.82 1030
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APPENDIX 5.B EXAMPLE - SIZING OSD TANKS
5.B1 - Underground OSD Tank
Problem:

A multi-purpose hall is to be developed within UiTM Kuala Pilah campus area. The project area is 0.61ha. 75%
of it shall be occupied by building, access road and pavement while 25% by garden and turfed areas. The
catchment area of the project where it connects to the main drain is 0.61ha and has a terrain slope of about
1:2000. It is more economical to construct an OSD tank than to upgrade the existing drainage system for this
new development. Based on the design procedure, calculate the Permissible Site Discharge (PSD), Site Storage
Requirement (SSR) and the inlet and outlet pipe sizes.

Multi-purpose

Proposed OSD

Figure 5.B1.1 Multi-Purpose Hall Layout at UiTM Kuala Pilah

Solution:

Reference Calculation Output

Figure 5.A1 | Kuala Pilah falls under Region 1 — West Coast.

So, use OSD Characteristic for Region 1— West Coast.
Project Area = 0.61ha

Terrain = Mild

% of Impervious Area =75%

Table 5.A1 | Permissible Site Discharge (PSD)/ha: =| 78711 /s/ha
For area of 0.61 ha, PSD = 0.61 x 78.7 =148.01/s
=| 0.048m’/s
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Reference Calculation Output
Table 5.A1 | Site Storage Requirement (SSR)/ha: 448 5m"° /ha
For area of 0.61ha, SSR = 0.61 x 448.5 273.6m
Table 5.A2 | Inlet Flow/ha: 170.01/s/ha
For area of 0.61 ha, Inlet Flow = 0.61 x 170.0 103.71 /s
0.104m’/s
Table 5.A2 | PSD/ha: 45.91/s/ha
For area of 0.61 ha, PSD = 0.61 x 45.9 28.01/s
0.028m’/s
Table 5.A2 | SSR/ha: 349.2m’/ha
For area of 0.61 ha, SSR = 0.61 x 349.2 213.0m’
Smaller PSD value is adopted for subsequent sizing of outlet pipe. 0.028m" /s
Thus, PSD = 0.028m3/ sec.
Table 5.A3 | Inlet Pipe: 419mm djia.
(adopt 450mm dia. as it is readily available in the market) (Adopt 450mm
dia.)
Table 5.A3 | Outlet Pipe: 170mm dia.
(adopt 160mm dia. as it is readily available in the market) (Adopt 160mm
dia.)
Table 5.A4 | Inlet Pipe: (with Inlet Flow of 0.104m3/sec) 350mm dia.
Table 5.A4 | Oylet pipe: (with PSD of .0028m’ / sec) 270mm dia.
Design Value Selected:
PSD: 28.01/s
(whichever is smaller from Table 5.A1 and 5.A2)
SSR: 273.6m?
(whichever is larger from Table 5.A1 and 5.A2)
Sizing of OSD Tank:
The required storage is 273.6m?3
Adopt tank width of 20m, 12m length and a depth of 1.2m.
Tank storage = 20m x 12m x 1.2m 288m3 > 273.6m?
ok
Inlet Pipe:
(whichever is smaller from Table 5.A3 and 5.A4) 350mm dia.
Hence, adopt 350
mm dia. pipe size.
Outlet Pipe:
(whichever is smaller from Table 5.A3 and 5.A4) 170mm dia.
Hence, adopt 160

mm dia. pipe size.

On-Site Detention
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Figure 5.B1.2: Typical Detail Drawing for Below-Ground OSD Tank
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5.B2 - Above Ground OSD Tank

Problem:

There is a tennis court located next to a multipurpose building of UiTM in Kluang, Johor. OSD tank needs to be
built for the same reason as in Design Example 5.B1. The tennis court area is 0.7ha and 60% of it shall be paved.
The catchment area of the project that connects to the main drain is about 0.7ha with a slope of about 1: 1800.

Proposed OSD

Figure 5.B2.1: Tennis Court at UiTM Kluang

Y —

Solution:
Reference Calculation Output
Figure 5.A1 | Kluang falls under Region 5 - Southern.
So, use OSD Characteristic for Region 5— Southern.
Project Area = 0.70ha
Terrain = Mild
% of Impervious Area = 60%
Table 5.A1 | Permissible Site Discharge (PSD)/ha: 76.41/s/ha
For area of 0.7 ha, PSD = 0.7 x 76.4 53.51/s
0.035m’/s
Table 5A1 | Site Storage Requirement (SSR)/ha : 409.9m° /ha
3
For area of 0.7ha, SSR = 0.7 x 409.9 286.9m
Sizing of OSD Tank:
The required storage is 286.9m?
Adopt tank width of 20m, 12m length and a depth of 1.2m. _
Tank storage = 20m x 12m x 1.2m ~| 288m3 > 286.9m3
ok

On-Site Detention
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Reference Calculation Output

Table 5.A2 Inlet Flow:
As Kluang is not in the list in Table 5.A2, refer to Table 5.A3 only.

Table 5.A2 PSD:
As Kluang is not in the list in Table 5.A2, refer to Table 5.A1 only.

Table 5.A2 SSR:
As Kluang is not in the list in Table 5.A2, refer to Table 5.A1 only.

Table 5.A3 Inlet Pipe: 401mm dia.
(adopt 400mm Dia. as it is readily available in the market) (Adopt 400mm

dia.)

Table 5.A3 Outlet Pipe: 167mm dia.

(adopt 160mm Dia. as it is readily available in the market) (Adopt 160mm
dia.)

Table 5.A4 Inlet Pipe:
As Kluang is not in the list in Table 5.A2, no checking for Table 5.A4 is
required. Refer to Table 5.A3 only.

Table 5.A4 Outlet pipe:
As Kluang is not in the list in Table 5.A2, no checking for Table 5A4 is
required. Refer to table 5.A3 only.
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Figure 5.B2.2: Typical Detail Drawing for Above-Ground Tank
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6.1 INTRODUCTION
6.1.1 General

Rainwater harvesting is a technique of collecting rainfall as a supplementary source of water supply for
households, commercial and industrial premises, landscape watering, livestock water, and irrigation of
agriculture. The planning and development of rainwater harvesting systems shall be carried out adhering to the
principles and guidelines described here. This is to ensure that the system complies with sustainability, water
quality and design standard.

6.1.2  Principles

The value of rainwater as the primary source of clean water is always ignored. The aim of rainwater harvesting
is to concentrate runoff and collect it in a basin for use. Rainwater harvesting using roof catchments is the
easiest and most common method. Rainwater may also be collected from any impervious surface, such as stone,
concrete, or asphaltic pavement. Landscape can also be contoured to maximize the catchment areas and runoff
for rainwater collection.

6.1.3  Benefits
There are numerous benefits of rainwater harvesting:

e [t provides an alternative water supply to supplement piped water;

o It is a green approach. It reduces the dependency of people on pipe water hence discourage dam
construction and deforestation;

o [t reduces water bills for consumer. Occasionally, there are economic advantages such as rebates from
municipalities for a reduction in use and dependency on municipal water;

e On islands with limited fresh-water, rainwater harvesting is the major source of water for domestic use;
and

e It reduces stormwater flooding and soil erosion.

6.2 COMPONENTS OF A SYSTEM
6.21 Components
Whether it is large or small, a rainwater harvesting system (RWHS) has five basic components:
e Catchment area - the surface area which catches the rainfall. It may be a roof or impervious pavement
and may include landscaped areas;
e Conveyance - channels or pipes that transport the water from catchment area to a storage;
o First flush - the systems that filter and remove contaminants and debris using separation devices;
e Storage tanks - where collected rainwater is stored; and
¢ Distribution - the system that delivers the rainwater to the point of use, either by gravity or pump.
In certain case where collected rainwater is for potable usage, purification involving filtering, distillation and
disinfection are the optional components in rainwater harvesting system. The harvesting process from rainfall

up to end user is conceptually shown in Figure 6.1. A typical detailing of the system either above-ground
storage or below-ground storage is diagrammatically illustrated by Figure 6.2.
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Figure 6.1: Rainwater Harvesting Process

o7 P\
— Above-Ground
@ Residential @ Tank
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Ground

.
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T ]

Notes:

1. Roof collection 7. Access for cleaning

2. Gutter with leaf screen 8. Alternate water supply

3. Rain gutters 9. Typical valve

4. Downpipe 10.  Backflow prevention device
5. Debris and sediment removal, first flush device 11.  Overflow pipe

6. Screw-off end cap for cleaning

Figure 6.2: Typical Components of Rainwater Harvesting System for a Residential Building
6.2.2 Integration with OSD

The rainwater harvesting system can be integrated with OSD facilities (Chapter 5) that control a minor storm
event. It is appropriate for large scale landscapes such as parks, school, commercial sites, parking lots, and
apartment complexes and also small scale residential landscapes. Rainwater can be stored on flat roofs provided
that adequate protection against leakage is catered for in the structural design of the building.

This type of storage has limited application in residential areas and is more suited to commercial and industrial
buildings where large flat roof are available. OSD storage-cum-rainwater harvesting system can be provided as
below-ground storages, above-ground storages or a combination of both.
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6.2.3 Pumps

There are several types of pumps with different operating principles suitable for various conditions of use such
as reciprocating pumps, centrifugal pumps, centripetal pumps, and centrifugal jet pumps. Each pump impeller
has its own operating characteristics, which define its capability and efficiency. These can either be calculated
for each individual pump and its impeller or the pump characteristic read from graphs and nomographs
normally furnished by pump manufacturers for their products.

6.2.4  First Flush Device

Rainwater quality varies and is affected by environmental factors and commercial industrial activities in the
area. The inclusion of the first flush device will improve the quality of the water. The device can be part of the
rainwater downpipe, be separated from a tank or be attached to a tank. It can also be installed below ground.

Collection and disposal of the first flush of water from a roof, is of particular concern for any rainwater
harvesting system. This is due to the fact that first flush picks up most of the dirt, debris, and contaminants,
such as bird droppings that have been collected on the roof and in the gutters during dry periods. Multiple first
flush devices may be required instead of a single first flush depending on slope of the catchments surface and
time required for rainwater to reach the first flush device(s). Figure 6.3 shows the typical first flush systems.

Operational Water
Water from Level
Roof A JJ

Floating Ball

First Flush
Water

- Debris Collecting in
Bottom Chamber

Small Bore Pipe for
Automatic Reset

Removable Cover

for Cleaning Storage Tank

Figure 6.3: Typical First Flush Systems

6.3 CONFIGURATION OF TANK
6.3.1 Storage Type

There are various types for rainwater harvesting tank. In general, the rainwater tank can be divided into either
above-ground tank or below-ground tank as shown in Figure 6.4.

6.3.2  Shape of Storage Tank
The tank shapes can be circular, rectangular and others, such as trapeziums and pipes as provided in Table 5.2

of Chapter 5.0. There are a number of factors that govern what tank or tanks would be suitable in varying
situation. These include:

e height of roof;

e roof catchment area identification;
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e gutter and downpipe arrangements;
e space around the building;
e alignment of building in relation to boundaries; and

e local regulatory authority regulations with regard to water tanks.

Roof/Lawn
Roof [Access and Overflow Grate
/ . 4
N Inlet Pipes —=|
/\ | —
H o — |
Access H z Access ladder
Ladder E Reuse L /
- | = Supply —
EAASANN PPN —
Drain ——— [ —————Supply
Maintenance
Outlet
a) Above-Ground b) Below-Ground

Figure 6.4: Types of Storage Tank

Larger tanks often have to be cast in-situ. Fibreglass tanks, although more expensive, are more durable because
they resist corrosion and are not generally affected by chemical or moisture. These tanks are manufactured with
a good-grade coating on their interior surface. The tanks should also be manufactured to prevent the entry of
light, which could encourage algae growth.

6.4 SIZING STORAGE TANK
6.4.1 Rainwater Demand

The rainwater demand depends on several factors. Table 6.1 shows the amount of water uses for different
appliances and outdoor application which was adopted from Rainwater Harvesting Guidebook: Planning and
Design (DID, 2009). Rainwater demand depends on:

e The number of people using the water;

e Average consumption per person; and

e The range of uses (drinking, bathroom, laundry, toilet, garden watering, etc.)
The rainwater demand can be reduced in certain water stress area and during dry period using water
conservation devices.

6.4.2  Factors Affecting Rainwater Availability

Rainwater availability depends directly on several parameters such as rainfall characteristics, catchment area
(roof area), and tank size. The other minor factors which affect the yield are first flush amount and losses on the
roof, such as evaporation and splashing.
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Table 6.1: Rainwater Demand for Domestic Application (DID, 2009)

. Average Average Total Rainwater
Use (Appliance) Type Consumption Demand
A. Indoor
Toilet Single Flush 9 litres per flush 120 litres per day
Dual Flush 6 or 3 litres per flush 40 litres per day
Washing Machine Twin Tub 40 litres per wash
(Semi- auto)
Front Loading 80 litres per wash
Top Loading 170 litres per wash
Dishwasher - 20-50 litres per load
General Cleaning - 10-20 litres per minute 150 litres per day
B. Outdoor
Sprinkler or Handheld Hose 10-20 litres per minute | 1000 litres per hour
Drip System 4 litres per hour
Hosing Paths/Driveways 20 litres per minute 200 litres per wash
Washmg Car witha 10-20 litres per minute | 100-300 litres per wash
Running Hose

(a) Rainfall Characteristics

For a typical RWHS with a defined roof area, tank size and rainwater use pattern, the rainwater harvestable
yield will depend mainly on the rainfall characteristics such as the sequence of rain-days and the daily rainfall
amount. Generally, more rain-days yield higher rainwater amounts. Since the rainfall characteristics vary from
place to place in Malaysia, the RWHS yield will therefore vary. A total of 17 major towns within Malaysia have
been selected for the rainwater yield assessment. Table 6.2 shows the average annual rainfall and the number of
rain-days for the selected towns.

Table 6.2: Mean Annual Rainfall and Number of Rain-days for Selected Towns

No. Name of Town Rainfall Period of Mean Annual Number of Years of

Station Record Rainfall (mm) | Annual Rain-day | Record
1 | Alor Star 6103047 1948-2007 2,365 147 42
2 | Ipoh 4511111 1972-2008 2,288 181 38
3 | Klang 3014084 1953-2008 2,197 132 55
4 Kuala Lumpur 3117070 1953-2008 2,527 177 56
5 | Seremban 2719043 1959-2008 1,901 141 50
6 | Melaka 2222010 1954-1998 1,989 179 45
7 | Kluang 1833092 1948-2006 2,295 163 58
8 | Johor Bahru 1537113 1948-2007 2,787 158 59
9 | Kota Bharu 6121001 1981-2008 2,622 138 21
10 | Kuala Terengganu 5331048 1954-2008 2,659 161 53
11 | Kuantan 3833004 1948-2008 2,881 136 59
12 | Kuching 1403001 1950-2008 4,043 242 59
13 | Sibu 2219001 1999-2007 3,282 229 9
14 | Bintulu MMS 96441 | 1999-2008 4,136 225 10
15 | Kota Kinabalu 5961002 1985-2009 2,629 177 25
16 | Sandakan 5875001 1987-2008 3,070 190 18
17 | Tawau 4278004 1989-2006 1,626 155 14

Note: When large gaps occur in a particular year, the entire data series of that year were discarded in analysis
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(b) Rooftop Area

The rooftop area corresponds to the rainwater catchment area. The rainwater harvestable yield is higher when
rooftop area is larger.

(c) Rainwater Storage Tank Size

Rainwater tank is an important component in the RWHS from perspective of cost and space allocation. The
rainwater harvestable yield is higher when the tank size is bigger. When tank size is increasing, the incremental
increase in yield is decreasing because it is limited by roof area. Hence it is essential to determine the optimum
tank size.

(d) First Flush Volume

The first flush is required to prevent contaminants collected at the roof surface from entering the storage tank.
The first flush volume adopted is equivalent to 0.5mm of rainfall as shown in Table 6.3 (DID, 2009).

Table 6.3: First Flush Requirement According To Roof Area (DID, 2009)

Roof Area (m?) First Flush Volume (m3)
Less than 100 0.025-0.05
100 - 4356 0.05-2.5
Greater than 4356 25

Note: Adopt first flush of 5 m?3 if surface contains excessive
soil, dust or debris.

(e)  Losses from Roofs

For houses in tropical region such as Malaysia, roof structures usually heat up due to prolonged exposure to
sunshine. Other than in the Northeast Monsoon season, rainfall usually occurs in the late afternoon. Hence, 0.5
mm of rain falling on the roof is considered as evaporation and splashing losses.

6.4.3 Rainwater Availability Estimation

Two models are available in the rainwater availability estimation procedures suggested by Jenkins et al. (1987)
which are:

o Yield Before Spillage (YBS) model; and
e Yield After Spillage (YAS) model.

The YBS model adopts an optimistic approach where the rainwater harvested will be supplied for daily
consumption and the balance will be stored in the storage tank for next day use. On the other hand, the YAS
model assumes a conservative approach where rainwater harvested will be channelled to the tank first, and the
excess of rainwater will be overflowed. The daily consumption will be drawn from the tank.

With the RWHS described above and the adopted parameters, a daily water balance model has been configured
to compute the daily rainwater yield based on YBS as shown in Figure 6.5. A spreadsheet has been developed to
facilitate the daily water balance computation.

6.44  Average Annual Rainwater Yield Estimation

Estimation of the Average Annual Rainwater Yield (AARY) was carried out using daily water balance model
for the selected towns in Malaysia adopting YBS method. The estimation was carried out to assess a typical case
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of household/residential house with 5 persons. Roof area of the building is 100m?2. The adopted first flush and
losses from roof were estimated to be 1 mm as recommended in Section 6.4.2.

The analyses results shown that, e.g. in Alor Star, the AARY is 103m3 if tank size of 1m?3 is used. When the tank
size is 3 times bigger (3m?3), the AARY is merely increased by 32% to 136m? only. Therefore, tank size of 1m? is
the near optimum in term of highest AARY per unit tank size for Alor Star. Similarly for other towns, a tank
size of 1m3 is the near optimum tank size. Table 6.4 below presents the AARY from the YBS model for all the

selected towns.
Daily Rainfall Data (mm)

\ Roof Structure

\ (m?)

Evaporation
mm) _
\/

.i

)

Rainwater Harvesting
Tank (m®)

¥/When Tank is Full

|
g

Toilet

Flushing Cleaning Gardening

Figure 6.5: Schematic Diagram for the Daily Water Balance based on YBS Model

6.4.5 Tank Size Estimation

From Section 6.4.4, the tank size for Malaysia regardless of location is 1 m3 for roof area of 100m?2. It is
equivalent to store 10mm of rainfall with 100m?2 of roof area. As such, tank size can be estimated with the
following equation:

S; = 0.01A, 6.1)
where,
S = Tank Size (m?); and

>
]

Rooftop Catchment Area (m?).

Equation 6.1 is established by assuming the demand is proportional to the roof area and tank size. The tank size
with varying daily demand and roof area may have variation of + 25% using the above simplified approach. A
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more methodical approach, i.e., a daily water balance model using the specific roof area and daily rainwater
demand for a particular project can be carried out if a more accurate result is required.

Table 6.4: Average Annual Rainwater Yield for Selected Towns

No. | Name of Town Average Annual Rainwater Yield (m?)
1 | Alor Star 103
2 | Ipoh 99
3 | Klang 107
4 | Kuala Lumpur 116
5 | Seremban 98
6 | Melaka 100
7 | Kluang 115
8 | Johor Bahru 128
9 | Kota Bharu 95

10 | Kuala Terengganu 94
11 | Kuantan 111
12 | Kuching 156
13 | Sibu 144
14 | Bintulu 148
15 | Kota Kinabalu 109
16 | Sandakan 120
17 | Tawau 89

Note: AARY was computed from tank size of 1m3 and roof area of 100m?2.

6.5 SIZING CONVEYANCE AND DISTRIBUTION SYSTEMS
6.5.1 Rainwater Collection and Conveyance

This system component is designed based on the procedure presented in Chapter 4, Section 4.3. It comprises
gutters, rainheads, sumps and downpipes.

6.5.2  Distribution Pipe

In designing for water supply installation, an assessment must first be made of the probable maximum water
flow. In most buildings it seldom happens that the total numbers of appliances installed are ever in use at the
same time, and therefore, for economic reasons, it is usual for a system to be designed for a peak usage which is
less than the possible maximum usage. The probable maximum demand can be assessed based on the theory of
probability. This method uses a loading unit rating which is devised for each type of appliance, based on its rate
of water delivery, the time the taps are open during usage, and the simultaneous demand for the particular type
of appliance. Table 6.5 gives the loading unit rating for various appliances.

In building where high peak demands occur, a loading unit rating for such appliances is not applicable and
100% of the flow rate for these appliances is required as shown in Table 6.6. The same applies to automatic

flushing cisterns for urinals.

The pipe sizing can be determined using the Thomas-Box equation (DID, 2009):

d°xH
T=\25xLx10°

where,
q = Discharge through the pipe (L/s);

(6.2)
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= Diameter of pipe (mm);
Head of water (m); and
Total length of pipe (m).

d
H
L

The diameter of the pipe necessary to give a required flow rate will depend upon the head of water available,
the smoothness of the internal bore of the pipe and the effective length of the pipe. An allowance for the
frictional resistance set up by fittings such as elbows, tees, taps and valves must be added to the actual length of
the pipe. Table 6.7 gives the allowance for fittings expressed in equivalent pipe lengths.

Table 6.5: Loading Unit Rating for Various Applications

Type of Appliance Loading Unit Rating

Dwelling and Flats

W.C. Flushing Cistern 2

Wash Basin 1.5

Bath 10

Sink 3-5
Offices

W.C. Flushing Cistern 2

Wash Basin (Distributed Use) 1.5

Wash Basin (Concentrated Use) 3
School and Industrial Buildings

W.C. Flushing Cistern 2

Wash Basin 3

Shower (with Nozzle) 3
Public Bath 22

Table 6.6: Recommended Minimum Flow Rate at Various Appliances

Type of Appliance Rate of Flow (I/s)
W.C. Flushing Cistern 0.12
Wash Basin 0.15
Wash Basin with Spray Taps 0.04
Bath (Private) 0.30
Bath (Public) 0.60
Shower (with Nozzle) 0.12
Sink with 13 mm Taps 0.20
Sink with 19 mm Taps 0.30
Sink with 25 mm Taps 0.60

Table 6.7: Frictional Resistance of Fittings Expressed in Equivalent Pipe Length

Nominal Outside Equivalent Pipe Length (m)

Diameter (mm) Elbow Bend Tee
15 0.5 0.4 1.2

20 0.6 0.5 14

25 0.7 0.6 1.8

32 1.0 0.7 23

40 12 1.0 2.7

50 1.4 1.2 3.4

65 1.7 1.3 42

80 2.0 1.6 53

100 2.7 2.0 6.8
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In calculating the diameter of a pipe to supply individual fittings, the head loss through the draw-off tap should
also be taken into account. Table 6.8 gives the allowances for draw-off taps expressed in equivalent pipe
lengths.

Table 6.8: Frictional Resistance of Draw-off Taps Expressed as Equivalent Pipe Lengths

. Discharge Rate with Equivalent Pipe Length (m)
Fitting (BS 1010) Tap Fully Open
(litre/s) Copper Galvanized Steel
15 mm Diameter Bib-tap or Pillar Tap 0.20 2.70 4.00
20 mm Diameter Bib-tap or Pillar Tap 0.30 8.50 5.75
25 mm Diameter Bib-tap or Pillar Tap 0.60 20.00 13.00

6-10 NOT FOR SALE Rainwater Harvesting



NOT FOR SALE
MSMA 27 Edition. 2012 | DID Malaysia

REFERENCES

1. ChongS.F., Lim C.K., Lee C.S. (2010). Rainwater Harvesting Systems in Malaysia: How Much Can We Harvest?
IEM Colloquium.

2. Department of Irrigation and Drainage, Malaysia, (2009). Rainwater Harvesting: Guidebook on Planning and
Design.

3. Jenkins, D., Pearson, F. Moore, E. Sun, K. Valentine, R. (1987). Feasibility of Rainwater Collection Systems in
California, Contribution no. 173. University of California (UCLA).

4. Ministry of Housing and Local Government, Malaysia, (1999). Guidelines for Installing a Rainwater Collection
and Utilization System.

Rainwater Harvesting NOT FOR SALE 6-11



NOT FOR SALE

NOT FOR SALE



NOT FOR SALE
MSMA 2nd Edition. 2012 | DID Malaysia

APPENDIX 6.A SIZING CHARTS
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Figure 6.A2: Headloss for Various Pipe Size and Flow Rate
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APPENDIX 6.B EXAMPLE - SIZING TANK AND PIPE

6.B1

Problem:

Tank Sizing for Residential Development

A bungalow development is proposed in Kuala Lumpur with the inclusion of a rainwater harvesting system in
the design. The roof area of each bungalow is 200m? with a car porch and garden. The bungalow is designed
with five rooms with a twin sharing concept. Each room is equipped with one dual flush toilet. Given that
domestic water demand is 250 litre/ capita/day, compute:

e Annual rain water demand;

e Rainwater tank size;

e Percentage of rainwater yield over rainwater demand; and

e Percentage of rainwater yield over domestic water demand.

Solution:
Reference Calculation Output
Compute annual rain water demand (m?)
. . Average Water | Total Water
Table 6.1 Use (Appliance) Unit Use Use (litre/day)
Dual Flush Toilet 5 nos 40 litres/day 200
Washing Machine (Front Loading) 1 wash 80 litres/wash 80
Dishwasher/ 3loads |50 litres per load 150
General Cleaning 150
Gardening 20minutes | 20 litres/ minute 400
Washing 5 Cars with Running Hose | 20minutes/ ) ) 285.7
for 20 Minutes/Car Once a Week car 20 litres/minute (5x20x20/7)
Total 1266
. _ = |462m3
The annual rainwater demand = 365 days x 1266 1/ day
Tank size estimation (m3)
Equation 6.1 |With rooftop catchment, A, =200m?, Tank Size , S; = 0.01m x 200m? = |2m3
Compute Average Annual Rainwater Yield (m3)
Table 6.4 For Kuala Lumpur, the AARY for 2m3 tank size =2 x 116 = [232m3
Compute percentage of water yield over rainwater demand
Percentage of rainwater yield over rainwater demand = 232/462 x 100 = 150.2%
Compute annual domestic water demand (m3)
Annual domestic water demand = 365 days x 10 capita x 250 litres/capita/day = [912m3
Compute percentage of water vield over domestic water demand
Percentage of water yield over domestic water demand =232/912 x 100 = |25.4%
Rainwater Harvesting 6-15
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6.B2  Tank Sizing for Industry/Factory
Problem:

A development project is proposed involving building a factory with roof area of 5000m? in Pasir Mas,
Kelantan. The factory is designed to house 500 workers. The factory toilets are equipped with single flush
system. This factory has a small landscaping area at the entrance of the factory. Compute:

¢ annual rain water demand;

e rainwater tank size; and

e percentage of rainwater yield over rainwater demand.

Solution:
Reference Calculation Output
Compute annual rain water demand (m3)
Total
Table 6.1 Use (Appliance) Unit Average Water Water Use
Use
(I/ day)
Single flush toilet with
91/flush 500 workers 5 flushes/day 22500
Gardening 40 minutes 20 I/ minute 800
Total 23300
The annual rainwater demand = 365 days x 23300 litres/day =|8504m3
Tank size estimation (m3)
Equation 6.1 |With rooftop catchment, A; = 5000m?, Tank Size , S; = 0.01m x 5000m? =(50m3
Compute Average Annual Rainwater Yield for town (m3)
Table 6.4 Take the nearest Kota Bharu, the AARY for 50m3 tank size = 50 X 95 =(4750m3
Compute percentage of water yield over rainwater demand
Percentage of rainwater yield over rainwater demand = 4750/8504 X100  =|55.9%
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6.B3  Pipe Sizing
Problem:

This worked example shows how the main pipe can be sized up for rainwater tank serving a typical bathroom
at the same factory in Worked Example 6.B2. The appliances in the bathroom consists of 5 W.C. flushing
cisterns, 5 wash basins and 5 showers with nozzles. The actual length of the main pipe is 15 metres. The layout
of the system is shown in Figure 6.B1. Assuming the system used 25mm (O.D) copper pipe with an available
head of 5m:

e compute the design flow rate (I/s) of the loading units; and

¢ determine whether the pipe size used acceptable?

" Roof Top

\—‘H
5m ~-s—25mm Diameter
l Main Pipe
Showers Toilet

Figure 6.B1: Example layout of the Plumbing System

Solution:
Reference Calculation Output
Compute the loading rating per unit appliance
Table 6.5 . Loading Rating per Unit Numl?er of TOt;fﬂ
Piping Component . . Appliance | Loading
Appliance (unit) .
(nos) (unit)
W.C. flushing system (WC) 2 5 10
Wash basin (WB) 3 5 15
Shower (SR) 3 5 15
Total loading 40
Compute the flow rate
Figure 6A1 |The flow rate for 40 units loading =10.701/s
Compute the flow rate
With 25 mm of OD copper pipe,
Table 6.7 Number of Total
Piping Component Equivalent Length (m) | Component | Headloss
(Nos.) (m)
Elbow 0.7 4 2.8
Tee 1.8 1 1.8
Total Headloss due to 46
friction resistance in fittings '
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Reference Calculation Output

Compute Effective Length of Pipe
Effective length =15 + 4.6 = |19.6m
Compute headloss in pipe due to frictional resis6-7tance

Figure 6A2 |The head loss in 25mm copper pipe due to frictional resistance = 10.10m
Compute headloss due to fitting of stop valve

Figure 6A3 |The head loss due to fitting of stop valve = 10.6m
Compute total headloss
The total headloss due to pipe and fittings = (19.6 x 0.1) + 0.6 = |2.56m
Compute residual head (>0)
Residual head = available head - total headloss=5 - 2.56 = |2.44m

Since >0, OK

Compute required pipe size using Thomas-Box equation

Equation 6.2 0.70% x 25x19.6 x 10° = |25.04mm
d= 5\/ > aa 25mm is OK
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7.1 INTRODUCTION

This Chapter provides guidelines and procedures for designing detention pond, a facility presently regarded as
the most important measure in the stormwater management practice. Detention ponds are used for controlling
stormwater quantity impacts resulting from larger urbanising catchment. The facilities are commonly located in
public areas by the construction of embankment across stream, channel or by the excavation of a potential
storage area. Ponds can be developed as “Dry” or “Wet” type as shown in Figure7.1. For wet pond, the
catchment area served is greater than 10ha. It is to ensure that the area generates enough baseflow to replenish
and maintain the permanent pool level.

The pond reduces flood peak discharge downstream by temporary storage and gradual release using control
outlet, usually ungated structure, riser or culvert, located at the base of the embankment. An overflow spillway,
set near the top of the embankment is required to safely pass storms that exceed the pond capacity. The
spillway protects the embankment from possible failure and subsequently downstream life and resources.

Treatment
\BBMPS/\ v Design Flood Level Spillway
Cont_u
Outlet Culvert
Concept
(a) Dry Type - Kemaman
Treatment
. Ri
\DBMPS v Design Flood Level 1er Spillway
Permanent Pool Level
Outlet Culvert
Concept Completion

(b) Wet Type - Malacca

Figure 7.1: Typical Detention Ponds
71.1 System Components and Configurations

A detention pond, primarily wet and multi-purposes, ideally requires the following components (Figure 7.2) to
be included in the system:

e Inlet zone - inlet structure, GPT, sediment forebay, water quality pond or wetlands, maintenance ramp
and rock weir;

e Storage zone - low flow channel/drain, maintenance ramp, pond body and recreational facilities; and

e Outlet zone - primary outlet (usually a multi-level riser with culvert), secondary outlet (usually a
spillway), embankment, outfall/energy dissipator.

The outlet structures are usually fixed. For larger reservoirs the structures are gated, movable and generally
operated based on automation. The inlet and outlet zones must be protected against erosion. The system
components should be configured, with shapes harmonised with the natural surroundings. Geometrically
square or rectangular shapes are not recommended. The length to width ratio of the storage zone should be at
least 3:2.

Detention Pond 7-1
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71.2  Water Quality Control Requirement

All detention ponds require pretreatment facilities (BMPs) which are to be located at the inlet zone or upstream
of the ponds to ensure that the ponds are not polluted and their water quality levels always meet regulatory
standards. The facilities shall include the followings:-

e GPTs/trash rack and sediment forebay
e  Water quality pond or wetlands; and
e  Other types of BMPs as needed to reduce pond’s contamination.

Water quality control structures (BMPs) shall be designed and constructed based on 40mm runoff depth.
Depending on the level of pollutant the treatment at each inlet zone could be in single BMPs and/or in
series/treatment train BMPs. Design of the facilities shall be carried out based on procedures presented in
Chapter 10 and 11.

Primary Outlet

PLAN

Water Quality Pond
or Wetlands

Spillway
Embankment
Embankment

A
X" D apr
SECTION A-A
Embankment
Sediment ) Embankment
== Forebay Water Quality Pond Maximum Flood
or Wetlands Level
GPT
Primary = —T—l k- -4 == -
Outlet Primary
Outlet I
Primary
Outlet
Permanent Water
Level
Figure 7.2: Typical Detention Pond Components
72 Detention Pond
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7.2 DESIGN CONSIDERATION
721  General

(1)  Design and Analysis

In designing a flood detention facility to meet the flow control objectives stated in Chapter 1, it is necessary to
consider the behaviour of the pond storage by examining:

e the degree of reduction of flows from the catchment;
e the depths and duration of ponding; and
e the frequency at which the overflow spillway comes into operation

When considering the required levels of operation, it is necessary to design underdrains beneath storages to
bypass low flows. In addition, it may be necessary to consider extreme events such as probable maximum
precipitation (PMP) and to examine the effects of an embankment failure.

(b)  Release Timing

A stormwater detention structure increases both the peak discharge release time and total outflow hydrograph
duration. Though there is reduction in the peak flow, the time shifting may result in adverse flow effects
further downstream if the reduced peak from the controlled subcatchment coincides with the main stream peak.
This is true in locations where multiple detention facilities have been installed within developing
subcatchments, downstream stormwater flooding continue to occur. Therefore, it is critical that an optimum
release timing be considered in the analysis of multiple stormwater control facilities to ensure that the desired
result is obtained for design use. The outflow hydrograph release time or empty time of a detention pond is
recommended to be within 24 hours.

(c)  Multiple Design Storms

A particular rainfall pattern which provides the worst case for a detention pond shall be found by trial and error
of pond modelling behaviour applying storms of different durations and magnitudes ARIs.

(d)  Extreme Floods

There is a risk of failure of the embankment or wall of a detention storage during a very large flood, resulting in
water wave, mud and debris. For earth embankments the most common failure mechanism is erosion of the
downstream face due to overflows. If a rill is formed and rapidly growing, water pressure may cause stored
water to burst through the weakened embankment. Designers should perform dam break analysis using PMP
data and a probable maximum flood (PMF) calculated at the pond site. Analysis should be carried out to find
minimum dam height, pool surface area, storage volume, overtopping depth, likely flow velocities, etc.

(e)  Public Safety

The risk of persons drowning in detention ponds has usually been the most important safety consideration.
Recommended depths of dry pond are limited to 1.2 m or 1.5 m or otherwise fence the ponds from public
excess.

Other requirements are set as follows:

¢ The side slope of ponds should not be steeper than 1(V):4(H). Ponds with steeper slope may require a
fence or rail. Special attention should be paid to the outlets, to ensure that persons are not allowed into
the area. Rails, fences, crib-walls, anti-vortex devices and grates should be provided where necessary.
Many safe designs are desirable such as introduction of trees and mounds within ponds as refuges.
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e Special attention must be given to pond overflow spillways in design and operation to avoid catastrophic
failures, which may cause loss of property and life at downstream areas. PMF studies should be
conducted for ponds with vulnerable downstream areas or for large, multiple-pond systems to ensure
adequate sizing of secondary outlet (emergency spillway) to serve for extreme events.

7.2.2 Inlet
7.2.2.1 Inlet Structure

The size of the inlet should be such that the capacity is equal to or higher than the design capacity of the
approach channel. The invert level of the pond should be same or less than the invert of the incoming channel.
Wings of the inlet structures should be protected (by concrete wall, stone pitching, gabion, etc.) against erosion.

7.2.2.2 GPTs and Sediment Forebay

GPTs are used mainly for removal of litter, debris and coarse sediment from stormwater. Some designs also
provide for oil separation. For large catchment and pond system the facilities shall be designed according to site
requirement while for small drainage system proprietary devices can be adopted. Refer to Chapter 10 for GPT
design procedure. Further a sediment forebay is recommended to remove finer soil particulates. Its size is about
one-third (1/3) of water quality pond or wetlands volume and with a minimum length to width ratio of 2:1.

7.2.2.3 Water Quality Pond or Wetlands

A sediment forebay together with water quality pond or wetlands are common practice to trap particulate and
dissolved pollutants before entering the detention pond. Occasionally the system requires a volume of about
30% of the detention pond volume. The design of the water quality pond or wetland facilities should follow the
procedure presented in Chapter 11.

7.2.3  Primary Outlet

Primary outlets are designed for the planned control and release of water from a detention pond. They may be
a single stage outlet structure or several outlet structures combined to provide multi-stage outlet control. Figure
7.3 shows some typical primary outlets. The outlet conduit must be designed to carry all flows considered in the
design of the riser structure.

For a single stage, the facility is typically designed as a simple culvert. For multi-stage system, the outlet control
structure is designed by considering a range of design flows. A stage-discharge curve is developed for the full
range of flows that the structure would experience. The design flows are typically orifice flow through
whatever shape chosen, while the higher flows are typically weir flow over the top of the control structure. The
outlets are typically housed in a riser structure connected to a single outlet conduit that passes through the
pond embankment and discharges to the downstream conveyance system. Orifices and weirs can be designed
using the equations provided in Chapter 2.

Primary outlets for detention ponds shall be designed to reduce post-development peak flows to pre-
development peak flows for the minor and major system design storm ARI (Table 1.1). For this will require a
two-staged outlet configuration, one to control the minor system design flow and the other to control the major
system design flow, in combination. However, to prevent possible failure of the embankment due to piping, the
pipe downstream of the outlet works has to be sufficiently large to pass the major design flow without
developing hydraulic surcharge pressure within it.

This requirement can readily be achieved for new development areas as sufficient land can be set aside to
accommodate the necessary storage requirements. However, in existing developed areas, reducing the major
system design ARI flow to the pre-development rate may not be practical in some cases due to limited
availability of suitable detention sites. In such cases, detention facilities should be sized to attenuate the minor
system design ARI only while addition of more OSD facilities are encouraged to lower peak flow for the major
system instead.
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i N = N

a) Pipe or Box Culvert c) Drop Inlet Pit
(surcharge pit or culvert outlet)

N

b) Riser Structure d) Slotted Outlet
(single and multi-level outlet)

Figure 7.3: Typical Pond Primary Outlets

7.2.3.1 Culverts

The design of these outlets can be for either single or multi-stage discharges. A single stage discharge system
typically consists of a single culvert entrance system, which is not designed to carry emergency flows. A multi-
stage inlet typically involves the placement of a control structure at the inlet end of the culvert. The inlet
structure is designed in such a way that the design discharge passes through a weir or orifice in the lower levels
of the structure and the emergency flows pass over the top of the structure.

The culvert needs to be designed to carry the full range of design storm flows from the pond catchment area,
without developing any internal pressure. Such surface flow condition within the culvert is necessary to avoid
culvert failure that may lead to embankment failure. Rubber ring jointed pipes without lifting holes are
recommended for pipe culverts. All culverts should be provided with suitable bedding and cutoff walls or
seepage collars to prevent possible failure due to piping. Detail procedure for culvert design is given in Chapter
18.

7.2.3.2 Trash Racks

The susceptibility of inlets, such as small orifices, to clogging by debris and trash needs to be considered when
estimating their hydraulic capacities. In most case thrash racks is required to control the clogging. Track racks
must be large enough such that partial plugging will not adversely restrict flows reaching the control outlet.
There are no universal guidelines for the design of trash racks to protect detention pond outlets. For very small
outlets, an even larger opening ratio is usually necessary to control the onrush of debris at the onset of a storm,
and a high degree of maintenance is required. An example of a trash rack is shown in Figure 7 4.

The following points should be followed for the trash racks:

o The trash rack should have an area at least ten (10) times larger than the control outlet opening.

e The inclined bar racks are recommended.
e A maximum angle of 60° to the horizontal can be allowed for the trash racks.

e The trash racks should be located at a suitable distance from the protected outlet to avoid interference
with the hydraulic capacity of the outlet.

e The spacing of trash rack bars must be proportioned to the size of the smallest outlet protected.

e Spacing of the rack bars should be wide enough to avoid interference, but close enough to provide the
level of clogging protection required.
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e The racks should have hinged connections.

¢ The invert of the outlet structure for a dry pond should be depressed below the ground level to minimise
clogging due to sedimentation.

e Depressing the outlet invert to a depth below the ground surface at least equal to the diameter of the
outlet is recommended.

Overflow Grate
—A
Maximum Design Storm Water

! ‘ Third-stage
e g
Outlet d,
‘ =
I Second-stage
—H il Outlet d, !
I |
| Water Quality }‘ Outflow
d Outlet d; }
= |
A i
Inflow Section A-A

Figure 7.4: Typical Multistage Primary Outlet Trash Racks (DID, 2000)

724  Secondary Outlet (Emergency Spillway)

The purpose of a secondary outlet (emergency spillway) is to provide a controlled overflow for flows in excess
of the maximum design storm ARI for the storage facility. In many cases, stormwater detention structures do
not warrant elaborate studies to determine spillway capacity. While the risk of damage due to failure is a real
one, it normally does not approach the catastrophic risk involved in the overtopping or breaching of a major
reservoir. The catchment areas of many sites are small that only very short, sharp thunderstorms are apt to
threaten overtopping or embankment failure, and such storms are localised. Also, capacities of the structures
are usually too small to create a flood wave.

By contrast, sizable on-line facilities with settlement/valuable assets downstream may pose a significant hazard
if failure was to occur, in which case emergency spillway considerations are a major design factor. The potential
for loss of life or property damage must be categorised early in the design effort and a spillway design ARI up
to and including the Probable Maximum Flood (PMF) may be warranted. A hazard rating for the pond should
be determined and a secondary outlet (emergency spillway) design ARI selected in accordance with the Federal
Government or relevant State Government Dam Safety Guidelines. The secondary outlets for all non-hazard
small detention ponds shall be designed to safely pass a minimum design storm of 100 year ARI through the
pond. For hazard ponds they must be designed as per the approved guidelines (ANCOLD, 1986, USBR, 1987,
USBR, 1992; FEMA, 1987 and Golz¢, 1977).

7.25  Storage Zone
7.25.1 Dry Time

Drawdown time of the pond will depend on the type and purpose of the pond. The drawdown time is
controlled by appropriate sizing of the primary and secondary outlets. Dry pond is proposed to be emptied
within 12 hours after rain stops while water level of a wet pond should be back to normal 24 hours after the rain
ceases.
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7.2.5.2 Low Flow Channel
Provision should be made in a dry detention pond to bypass low flows through or around the pond using low
flow channel or pipe. This is necessary to ensure that the pond floor, particularly if it is grassed, is not

inundated by small storms or continually wetted by dry weather baseflow. The minimum rate of bypass flow
should be computed based on 10mm runoff depth from the contributing catchment.

7.2.6 Embankment
7.2.6.1 Classification
Dry detention ponds are intermittent water-retaining structures and their embankments do not need to be
designed rigorously as dams unless they are high, or special soil problems exist. An embankment that raises the
water level a specified amount as defined by the appropriate dam safety group (generally 1.5 m to 3 m or more
above the usual mean low water height, when measured along the downstream toe of the embankment to the

emergency spillway crest), is classified as a dam. Such embankments must be designed, constructed, and
maintained in accordance with the Federal Government or relevant State Government dam safety standards.

7.2.6.2 Design Criteria

All other detention ponds with embankments that are not classified as dams should be designed in accordance with
the following criteria, which are not intended as a substitute for a thorough, site-specific engineering evaluation.

a) Pond Water Depth

The maximum pond water depth should not exceed 3.0 m under normal operating conditions for the maximum
design flow for which the primary outlets have been designed, i.e. the maximum design storm ARI flow that
does not cause the emergency spillway to operate under normal design conditions.

b) Embankment Top Widths

Minimum recommended embankment top widths are provided in Table 7.

Table 7.1: Minimum Recommended Top Width for Earthen Embankments (USDA, 1982)

Height of Embankment Top Width (m)
(m)
Under 3 24
3to4.5 3.0
45t06 3.6
6to 7.5 4.2

c) Side Slopes

For ease of maintenance, the side slopes of a grassed earthen embankment and pond storage area should not be
steeper than 1(V):4(H). However, to increase public safety and facilitate ease of mowing, side slopes of
1(V):6(H) or flatter are recommended.

d) Bottom Grades

The floor of the pond shall be designed with a minimum grade of 1% to provide positive drainage and minimise
the likelihood of ponding. Adequate drainage of the pond floor between storms is essential if the facility is to
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be used for recreation. Where high groundwater occurs, subsoil drains may be required to prevent soggy
ground conditions.

e) Freeboard

The elevation of the top of the embankment shall be a minimum of 0.3 m above the water surface in the
detention pond when the emergency spillway is operating at maximum design flow.

7.3 EROSION PROTECTION

7.3.1 Primary Outlet and Downstream

When the dimensions of the detention pond and outlet structures have been finalised, maximum exit velocities
should be calculated and consideration given to the need to protect the downstream bed and banks from
erosion.

The outlet velocity from a primary outlet of a small pond, operating at low head (i.e. the difference in upstream
and downstream water levels), is comparatively small. The only measures required are generally the protection
of the bed and banks for a few metres downstream by stone pitching or other means. Where the head exceeds
1 m, a structure for dissipating energy should be provided in order to prevent erosion which might otherwise
lead to the failure of the pond embankment.

Below a pipe outlet, a suitable device is the “impact energy dissipator’. An open stilling basin is generally more
suitable downstream of weirs, gates and sluices, and other large control structures. The stilling basin must be of
sufficient depth below the downstream tailwater level so as to drown the flow, thus enabling the hydraulic
jump to be retained within the stilling basin at all flows.

The channel bed and banks immediately downstream of stilling basins should be protected by stone pitching or
riprap. Where the outfall from the basin is a culvert, this should be provided for a distance of at least four times
the diameter or height of the culvert. Information for stone pitching and riprap is provided in Chapter 20.

7.3.2  Secondary Outlet and Downstream

The surfaces of embankments and spillway channels must be protected against damage by scour when they are
subjected to high velocities. The degree of protection required depends on the velocity of flow to which the
bank will be subjected. Well-established turf will provide protection against velocities of up to 3 m/s for as
long as 9 hours. Where water is unlikely to flow against a newly excavated surface for some months, the
protecting turf covering can be grown from seed. The bank should be covered with a 0.15 m layer of topsoil,
incorporating a suitable grass fertiliser and sown with an approved seed mixture. Turf forming native grasses
which require little maintenance and provide a dense well-knit turf are most suitable whilst bunch grasses are
acceptable.

In places where immediate cover and protection of the completed earthworks against erosion is required, turf
can be laid and held down by coarse-meshed wire netting and wire pins until it is firmly rooted. With all
turfing methods, adequate subsoil cultivation is essential to encourage good root penetration. A large number
of geotextiles are available which can be used for reinforcing turf enabling it to withstand velocities of up to
7m/s. The use of concrete reinforcement in conjunction with grass should be considered where turf alone will
not provide sufficient protection to a bank or spillway subject to high velocities for long periods. Details on
erosion control practices can be referred to Chapter 12.

For reducing erosion an open stilling pond, as discussed in Chapter 20, may be required at the bottom of the
spillway prior to discharge into the downstream waterway. It may be possible, and more cost effective, to
provide a single stilling basin for both the emergency spillway and the primary outlet to the basin.
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74 SAFETY AND AESTHETICS
74.1  Public Safety

A detention pond must be designed with public safety in mind when the facility is in operation and also during
periods between storms when the facility is emptied. Appropriate ways must be considered to prevent and to
discourage the public from being exposed to high-hazard areas during these periods.

Ponds should be provided with signs that clearly indicate their purpose and their potential danger during
storms. Signs should be located such that they are clearly visible at public access points and at entrances and
exits to outlet structures.

The inlet of a primary outlet structure creates a potential hazard when in operation due to the possibility of a
person being carried into the opening. Gratings or trash racks may be used to help prevent this from
happening. These should be inclined at an angle of 60° to the horizontal and placed a sufficient distance
upstream of the inlet where the velocity through the rack is low. This should ensure that a person would not
become held under the water against the grating or trash rack.

The downstream end of a primary outlet structure can also be a potentially hazardous area as an energy
dissipator device is often provided for scour protection. A pipe rail fence should be provided on steep or
vertical drops such as headwalls and wingwalls at the inlet and outlet to a primary outlet structure to
discourage public access. Pipe rail fencing can also prevent a person inadvertently walking into or falling off
these structures during periods when the pond is not operating.

During the periods of no operation, there is little hazard at most outlet works, although they can be attractive to
playing children or curious adults. The visibility of an outlet could be minimised by screening with bunds or
shrubs to reduce its attraction potential.

74.2 Landscaping

Aesthetics of the finished facility is extremely important. Wherever possible, designs should incorporate
naturally shaped ponds with landscaped banks, footpaths, and selective planting of vegetation to help enrich
the area and provide a focal point for surrounding development.

Sympathetic landscaping and the resulting improvement in local visual amenity will also encourage the public
to accept detention ponds as an element of the urban natural environment and not as a target for vandalism.
Trees and shrubs should not be planted on pond embankments as they may increase the danger of bank failure
by ‘piping effect’ along the line of the roots.

7.5 SIZING FLOOD DETENTION SITE

For early planning purpose pond area can be approximated using Figure 7.5 for a catchment having different
landuses, as represented by average runoff coefficient C (refer Chapter 2) and for various pond depths. The
final design of a detention facility involves an inflow hydrograph, a stage vs. storage curve, a stage vs.
discharge and storage indicator number curve. However, before a stage vs. storage and a stage vs. discharge
curve can be developed, a preliminary estimate of the needed storage capacity and the shape of the storage
facility are required. Trial computations will be made to determine if the estimated storage volume will provide
the desired outflow hydrograph.

7.5.1 Pond Volume Estimate

The design storm for estimating the required storage volume shall be for major system, up to 100 yr ARI. The
following sections present Rational Hydrograph Method (RHM) for determining an initial estimate of the
storage required to provide a specific reduction in peak discharge. The method provides preliminary estimates
only and a degree of judgement is needed to determine the initial storage estimate.
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1. Design Rainfall ARI =100 yrs Flood Storage Depth =1 m

2. Catchment Slope 1.0 % — — - Flood Storage Depth =2 m
3. Catchment Area <100 ha - - - - Flood Storage Depth = 3 m
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Figure 7.5: Estimate of Pond Area for Planning Purpose

To work with detention storage design the inflow hydrograph, derived using RHM, is to be provided along
with the intended release rate. With these values, the facility discharge curves can be approximated using the
procedures as shown in Figure 7.6 and 7.7.

Preliminary Estimate
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a) Inflow Hydrograph b) Storage Volume Estimate
Figure 7.6: Estimating Detention Pond Storage by RHM for Type 1 Hydrograph
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Figure 7.7: Estimating Detention Pond Storage by RHM for Type 2 Hydrograph

The storage volume (the shaded area), for each type of hydrograph (Type 1 and Type 2) can be readily
computed using Equation 7.1.

Vs =4dQ;i - 0.5tQ, for Type 1 (7.1a)

Vs =0.5t:(Qi - Qo) for Type 2 (7.1b)
Where,

Vs = Storage volume (m3);

Qi = Peak inflow (m3/s);

Qo = Peak outflow (m?3/s); and

t; Total duration of inflow; d + t, (sec).
7.5.2  Stage - Storage Curves Development

The storage volume for natural ponds in irregular terrain is usually developed for detention pond using a
topographic map and the double-end area. The double-end area formula is expressed as:

Ar+A
Vi= 222 (72)
where,
V12 = Storage volume between elevations 1 and 2 (m?3);
A; = Surface area at elevation 1 (m2);

A
h

Surface area at elevation 2 (m?); and
Change in elevation between points 1 and 2 (m).

The storage volume for excavated ponds with regular geometric shape (usually pyramid), the frustum indicates
storage between the layers, is shown in Figure 7.7 and is expressed as:

HAr+(A147)"+47)]

V =
1,2 3

(7.3)
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where,

V = Volume of frustum of a pyramid (m?3);

Aj = Surface area at elevation 1(m?);

A, = Surface area at elevation 2 (m?2); and

h = Change in elevation between points 1 and 2 (m).

Figure 7.7: Frustum of a Pyramid

7.5.3  Stage - Discharge Curves

A stage-discharge (performance) curve defines the relationship between the depth of water and the discharge or
outflow from a storage facility. A typical storage facility will have both a primary and an emergency outlet. The
primary outlet is usually designed with a capacity sufficient to convey the design flood without allowing flow
to enter the emergency spillway.

The structure for the primary outlet will typically consist of a pipe culvert, weir, orifice, or other appropriate
hydraulic control device. Multiple outlet control devices are often used to provide discharge controls for
multiple frequency storms.

Development of a combined stage-discharge curve requires consideration of the discharge rating relationships
for each component of the outlet structure. The design relationships for typical outlet controls are presented in
Chapter 2.

754  Sizing Steps

A general procedure for sizing a detention pond, shown diagrammatically in Figures 7.8 and 7.9, is described as
follows:

Step 1: Determine design storm criteria for the pond

Select the minor and major design storm ARI for the pond appropriate for the type of development in the
catchment in accordance with Table 1.1, Chapter 1. Select the secondary outlet design storm ARI and the
amount of bypass flow that will not be routed through the pond.

Any physical constraints at the pond site should be identified including maximum permissible depths of
ponding, acceptable depths of flooding in downstream conveyance systems.

Step 2: Determine the pond outflow limits

For each design storm ARI, the pond outflow limits are set as the maximum pre-development flow less any
non-routed post-development bypass flow. Peak flows for the pre-development design storms and non-routed
post-development bypass to be determined by the Time-Area hydrograph estimation technique.
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Figure 7.8: Detention Pond Sizing Procedure for Volume and Primary Outlets (DID, 2000)
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Figure 7.9: Detention Pond Sizing Procedure for Secondary Outlet (DID, 2000)
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Step 3: Compute the pond inflow hydrographs

For each design storm ARI, inflow hydrographs for a range of storm durations will need to be routed through
the pond to determine the critical duration that produces the greatest storage and water level within the pond
for a particular pond grading and outlet configuration. The pond inflow hydrographs are obtained by
subtracting the non-routed bypass flow from the total inflow hydrographs.

Step 4: Make a preliminary estimate of the required pond volume

When initially sizing a detention facility, the required storage volume to accomplish the necessary peak
reduction is unknown and a preliminary storage volume must be estimated. Estimating the required storage
volume is an important task since an accurate first estimate will reduce the number of trials involved in the
sizing procedure.

A preliminary estimate may be obtained based on the post-development pond inflow hydrographs for the
major system design ARI and the required outflow rate as shown in Figure 7.8. The outflow hydrograph can be
approximated by drawing a straight line from the beginning of substantial runoff on the inflow hydrograph to
the point on the receding limb corresponding to the maximum allowable peak outflow rate. The amount of
storage required is equal to the representative volume (shaded area) between the inflow and outflow
hydrographs. To determine the necessary storage, the shaded area can be planimetered or computed
mathematically.

Inflow hydrographs for the major system design ARI over a range of durations should be examined and the
largest estimated volume selected.

Step 5: Develop a pond grading plan

A grading plan to accommodate the storage volume estimated in Step 4 should be prepared keeping in mind
any site constraints that may have been identified in Step 1 and the slope criteria for embankments and pond
floors.

Step 6: Compute the stage-storage relationship

The stage-storage relationship can be defined from the pond geometry using the double-end area method. The
maximum stage selected should extend above the top of the pond embankment to ensure that it is not exceeded
in the routing calculations.

Step 7: Size the minor design storm primary outlet

Since the flow performance criteria requires control over both the minor and major system ARI, multiple outlet
control consisting of an arrangement of devices placed at appropriate stages (levels) within the pond will need
to be provided. Matching this flow performance criterion will require careful selection of the type and
arrangement of outlets to be used. Arriving at the best multiple outlet arrangement to achieve the level of
control required will normally involve a trial and error process and gradual refinement until a satisfactory
design is found.

(i)  Select trial outlet arrangement

Select a trial outlet arrangement with an invert at or below the lowest level in the floor of a dry pond, or at
water level in a detention pond, to ensure the storage completely empties after each storm event.

(i) Compute the stage-discharge relationship

Compute the stage-discharge relationship by summing the individual discharge ratings for each outlet adopted.
The maximum stage selected must be greater than the expected maximum water level in the pond so that it will
not be exceeded in the routing calculations in the following step. Step 3: Compute the pond inflow
hydrographs

For each design storm ARI, inflow hydrographs for a range of storm durations will need to be routed through
the pond to determine the critical duration that produces the greatest storage and water level within the pond
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for a particular pond grading and outlet configuration. The pond inflow hydrographs are obtained by
subtracting the non-routed bypass flow from the total inflow hydrographs.

Step 4: Make a preliminary estimate of the required pond volume

When initially sizing a detention facility, the required storage volume to accomplish the necessary peak
reduction is unknown and a preliminary storage volume must be estimated. Estimating the required storage
volume is an important task since an accurate first estimate will reduce the number of trials involved in the
sizing procedure.

A preliminary estimate may be obtained based on the post-development pond inflow hydrographs for the
major system design ARI and the required outflow rate as shown in Figure 7.8. The outflow hydrograph can be
approximated by drawing a straight line from the beginning of substantial runoff on the inflow hydrograph to
the point on the receding limb corresponding to the maximum allowable peak outflow rate. The amount of
storage required is equal to the representative volume (shaded area) between the inflow and outflow
hydrographs. To determine the necessary storage, the shaded area can be planimetered or computed
mathematically.

Inflow hydrographs for the major system design ARI over a range of durations should be examined and the
largest estimated volume selected.

Step 5: Develop a pond grading plan

A grading plan to accommodate the storage volume estimated in Step 4 should be prepared keeping in mind
any site constraints that may have been identified in Step 1 and the slope criteria for embankments and pond
floors.

Step 6: Compute the stage-storage relationship

The stage-storage relationship can be defined from the pond geometry using the double-end area method. The
maximum stage selected should extend above the top of the pond embankment to ensure that it is not exceeded
in the routing calculations.

Step 7: Size the minor design storm primary outlet

Since the flow performance criteria requires control over both the minor and major system ARI, multiple outlet
control consisting of an arrangement of devices placed at appropriate stages (levels) within the pond will need
to be provided. Matching this flow performance criterion will require careful selection of the type and
arrangement of outlets to be used. Arriving at the best multiple outlet arrangement to achieve the level of
control required will normally involve a trial and error process and gradual refinement until a satisfactory
design is found.

(i)  Select trial outlet arrangement

Select a trial outlet arrangement with an invert at or below the lowest level in the floor of a dry pond, or at
water level in a detention pond, to ensure the storage completely empties after each storm event.

(i) Compute the stage-discharge relationship

Compute the stage-discharge relationship by summing the individual discharge ratings for each outlet adopted.
The maximum stage selected must be greater than the expected maximum water level in the pond so that it will
not be exceeded in the routing calculations in the following step.

(iii) Route the inflow hydrographs through the pond
Route the inflow hydrographs through the pond, using a suitable computer model or the procedures presented

in Chapter 2, to determine the maximum pond outflow and water level. The routing time step adopted should
be a uniform integer value and should be small enough so that the change in inflow and outflow between time
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steps is relatively linear. A value of 2¢; / 300 may be used as a rough guide. However, for manual calculations,
a minimum value of five (5) minute is recommended.

(iv) Route the inflow hydrographs through the pond

Route the inflow hydrographs through the pond, using a suitable computer model or the procedures presented
in Chapter 2, to determine the maximum pond outflow and water level. The routing time step adopted should

be a uniform integer value and should be small enough so that the change in inflow and outflow between time

steps is relatively linear. A value of 2¢; / 300 may be used as a rough guide. However, for manual calculations,
a minimum value of five (5) minute is recommended.

(iv) Check if results are acceptable

If the maximum pond outflow is greater than or excessively smaller than the limit determined in Step 2, or the
pond water depth exceeds that permissible, return to Step 5 or 7 and modify the geometry of the pond and/or
the outlet arrangement or configuration as necessary.

Step 8 Size the major design storm primary outlet
(vi) Select trial outlet arrangement

Select a trial outlet arrangement and set the lowest level for the major system outlet(s) at or slightly above the
maximum pond water level estimated for the minor design storm.

(vii) Compute the stage-discharge relationship

Compute the stage-discharge relationship by summing the individual discharge ratings for each outlet adopted
including the minor design storm outlets.

(viii) Route the inflow hydrographs through the pond

Route the inflow hydrographs through the pond, using a suitable computer model or the procedures presented
in Chapter 2, to determine the maximum pond outflow and water level.

(ix) Check if results are acceptable

If the maximum pond outflow is greater than or excessively smaller than the limit determined in Step 2, or the
pond water depth exceeds that permissible, return to step 5 or 8 and modify the geometry of the pond and/or
the outlet arrangement or configuration as necessary.

Note: if the pond geometry is altered, the minor design storm routing in Step 7 will need to be redone to check
if the minor system outlet performance is still satisfactory and to establish the revised maximum pond water
level for setting the major outlet invert level.

Step 9 Size the secondary outlet arrangement

Once a pond configuration meets the selected flow control performance criterion, the emergency outlet will
need to be sized to contain the selected secondary outlet design ARI.

(i)  Select trial outlet arrangement

Select a trial secondary outlet arrangement. Set the minimum outlet level at the maximum pond water level
estimated for the major design storm plus a freeboard of at least 200 mm.

(i) Compute the stage-discharge relationship

Compute the stage-discharge relationship by summing the individual discharge ratings for all the pond outlets
(i.e. the secondary outlet plus the minor and major system outlets)

Detention Pond 7-17
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(iii) Route the inflow hydrographs through the pond

Route the inflow hydrographs through the pond, using a suitable computer model or the procedures presented
in Chapter 2, to determine the maximum pond outflow and water level.

(iv) Check if results are acceptable

A flow control criterion for the 100 year ARI design storm has not been specified. However, the water depth in
the pond will determine the maximum height of the embankment. The outlet arrangement may need to be
refined until a satisfactory balance in terms of cost or public safety is found between the height of the
embankment and the size of the secondary outlet.

Step 10 Check behaviour under extreme conditions

The pond’s behaviour under extreme conditions may also need to be checked. These conditions may be larger
floods than the design flood, possibly up to the PMF, and/or conditions under which partial or total blockage of
the pond primary outlet(s) occurs.

Step 11 Prepare design drawings and specifications

When the pond performance is deemed acceptable for all operating conditions, including its behaviour under
extreme flood events, detailed design drawings and specifications should be prepared. These should include
grading plans, embankment design details, landscape plans, structural details of all primary and secondary
outlets, and written details of maintenance procedures and schedules.
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APPENDIX 7.A EXAMPLE - DETENTION POND DESIGN

Problem:

A catchment located in upstream of Sungai Buloh, Selangor, with area of 38.761 ha, is proposed to be developed
for residentials consisting Bungalow dwellings. A wet detention pond is to be incorporated to control the
increased runoff resulting from the development. Flows will be directed to the pond via grassed channels built
on existing streams. The existing and proposed triangular channel with slope = 1:1. From the site visit the depth
of the channel is 0.3 m and width = 0.6 m, while the depth of the proposed channel is 0.42 m and width = 0.84
m. Design the pond and its outlet facilities with initial water level set at 31.00 m LSD and initial water depth of
at least 1.0 m. The catchment is as shown in Figure 7.A1. The pond is required to be designed for 50 year ARI
with primary outlets in the riser to control 5 and 50 year ARIs. The secondary outlet, a broad crested weir
spillway, is to be provided to cater for the 100 year ARI event. The followings are data for the catchment and the

streams/channels:

Pre-development catchment and stream properties

g

5@' Catchment Area = 38.761 ha
L 4

Reach Overland Natural Stream
L, (m) n* So (%) L4 (m) n S¢(m/m) | R (m)
AB 82.0 0.045 3.66 914.0 0.05 0.011 0.11
AC 90.0 0.045 3.33 920.0 0.05 0.049 0.11
AD 72.0 0.045 417 761.0 0.05 0.053 0.11
Post-development catchment and channel properties
Reach Overland Grass Channel
L, (m) n* So (%) Ly (m) n Si(m/m) | R, (m)
AB 82.0 0.035 3.66 914.0 0.035 0.009 0.15
AC 90.0 0.035 16.67 920.0 0.035 0.024 0.15
AD 72.0 0.035 13.89 761.0 0.035 0.026 0.15
n:'B;/,./ L=82m  wwww Catchment Boundary
BEh=d5m \\ Stream

Figure 7.A1: Catchment Area
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Solution:
Reference Calculation Output
Step 1 : Setting the design storm criteria for the pond
As specified in Section1.2.1, the runoff quantity control criterion for new
development is to reduce post-development peak flows to less than or equal to
the pre-development values. The majority of the proposed development
upstream of the pond will be medium density housing lots. The minor and major
design storms for primary outlet are 5 and 50 year ARI, while the secondary
outlet is 100 year ARI (in accordance with Table 1.1, Section 7.2.3 and 7.2.4).
Step 2 : Compute the pond inflow hydrograph - 116.1 min
Compute the Pre-development Time of Concentration, t.
Reach AB:
. = [32.5 min
_1074" L3
’ s,/ = [48.6 min
L, =82.0m, So=3.66 %, n* =0.045, to
Table 2.1
b= n.Ld
Table 2.2 47 60RY 35,172 = |17 min
Table 2.1 L; =914 m, S;=0.011%, n =0050, R=0.11 ta = |15.5 min
te=t, + tg = |32.4 min
Table 2.3
Similarly for Reach AC:
L=90 m, S0=3.33 %, n* =0.045, to = {15.1 min
Li=920m,  S;=0.049 %, n =0050, R=0.11 b = |12:3 min
to=to + ty = |27.4 min
Similarly for Reach AD:
L=720m, So=4.17 %, n* =0.045, to
Li=761m, Sa=0.053 %, n =0.050, R=0.11 tq
= |12.6 min
tc = to + td
= [20.2 min
Thus, the pre-development ¢ is 48.6 min (the longest).
= |32.7 min
Compute the Post-development Time of Concentration, t.
Reach AB: _ 132 min
L=82m, So=3.66 %, n* =0.035, to _ 122 min
Li=914 m, Sa=0.009 %, n =0.035, R=0.15 ta
7-22 Detention Pond
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Reference Calculation Output
te=1t, +tg 25.3 min
Similarly for Reach AC:
L=90m, So=3.33 %, n* =0.035, t 11.7 min
Li=920 m, Si=0.024 %, n =0.035, R=0.15 ta 9.7 min
te=to+tg 21.4 min
Similarly for Reach AD:
L=72m, So=4.17 %, n* =0.035, to
L;=761m, S4=0.026 %, n =0.035 R=0.15 ta
te=t, +tg
Thus, the post-development f. is 32.7 min, which is 15.9 minute shorter than the
the pre-development ..
Compute the rainfall intensity, i
The nearest rainfall station is Station ID 3216004, SK Jenis Keb. Kepong. Referring
to Table 2.B1, the fitting constants for the IDF Empirical Equation of this station
are:
A K ) n
73.602 0.164 0.330 0.874
The rainfall intensity for various durations and ARIs are given in Table 7.A2 and
Table 2.B1.4 Table 7.A3 using Equation 2.2.
Step 3: Determine the pond outflow limits
Table 7.A1: Runoff Coefficient
Equation 2.2
Condition Cpost Core
ARI<10yr | 0.65 0.30
ARI>10yr | 070 | 040
Compute the pre and post-development discharge
Table 7.A2: Calculated Pre-development Discharge
ARI Storm . . Qpre
(year) duration, d d (min) | i (mm/hr) | Gpre | A (ha) (m3/s)
Table 2.5 5 te 48.6 85.5 0.30 | 38.761 2.8
50 te 48.6 124.7 0.40 | 38.761 54
100 te 48.6 139.7 0.40 | 38.761 6.0
Table 7.A3: Calculated Post-development Discharge
Detention Pond 7-23
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Reference Calculation Output
Storm
(Aeli) duration,d | d (min) | i (mm/hr) | Cust | A (ha) (§§7;)
Y (in terms of t)
te 32.7 107.7 0.65 | 38.761 7.5
Equaion 2.2 5 15t 49.1 85.0 0.65 | 38.761 5.9
Equaion 2.3 20t 65.4 705 | 0.65 | 38761 | 49
2.5t 81.8 60.5 0.65 | 38.761 42
te 32.7 157.1 0.70 | 38.761 11.8
50 1.5t 49.1 124.0 0.70 | 38.761 9.3
2.0t 65.4 102.9 0.70 | 38.761 7.8
2.5t 81.8 88.3 0.70 | 38.761 6.7
te 327 176.0 0.70 | 38.761 133
Equaion 2.2 100 15t 49.1 138.9 0.70 | 38.761 10.5
Equaion2.3 2.0t 65.4 1153 | 070 | 38761 | 87
25t 81.8 98.9 0.70 | 38.761 7.5
The pre-development flows for this duration will become the post-development
flow limits in the channel immediately downstream of the pond. The pond
outflow limits for 5, 50 and 100 year ARI are 2.8 m3/s, 5.4 m3s and 6.0 m3¥s
respectively.
Step 4: Make a preliminary estimate of the required pond volume, Vs storm
duration (based on 50 yr ARI design storm) using Rational Hydrograph Method
(RHM)
For Type 1 hydrograph (storm duration d is greater than ),
Vs = sz -0.5tQ,
For Type 2 hydrograph (storm duration d is equal to £.), : 12695 m3
Vs = 0.5t (Qi - Qo) _ 14325 m®
Equation _ (14627 m?
7.1
2 For 50 year ARI, the estimated pond volumes for various storm durations are: 14190 m?
E . For storm duration d=t. = 32.7 min, ti = 65.4 min, Vs
quation
7.1b For storm duration d=1.5 t.=49.1 min, t; = 81.8 min, Vs
For storm duration d=2.0 t. = 65.4 min, t; =98.1 min, Vs
For storm duration d=2.5 t.= 81.8 min, ti=114.5 min, Vs
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10000 F——p
20 40 60 80 100

(=)

Storm Duration (minutes)

Figure 7.A2: Storm Duration vs Estimated Pond Volume Curve

From Figure 7.A2, the estimated pond volume required is 14630 m?3.
Step 5: Develop a pond grading plan
The location and grading of the pond embankment and storage area is selected by

trial and error so that at least the preliminary estimated volume of 14630 m3 is
available in the pond to cater for the critical 50 year ARI design storm event.

Step 6: Compute stage-storage relationship

Table 7.A4: Stage-Storage Relationship

Stage (m) Elevation (m) Area (m?) Storage Volume (m?)

0.00 31.00 6250 0

0.50 31.50 6435 3171

1.00 32.00 7275 6599

1.50 32.50 7360 10258
2.00 33.00 8245 14159
2.50 33.50 8365 18311
3.00 34.00 9278 22722
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Figure 7.A4: Stage - Storage Curve
Step 7: Size the minor design storm primary outlet
The optimum size of the minor design storm primary outlet needs to be
determined by trial and error to produce a maximum pond outflow that is as
close as practicable to the required flow limit of 2.8m3/s. This involves selecting
an initial outlet arrangement and size, determining the stage-discharge
relationship, and routing the pond inflow hydrographs through the pond to
determine the maximum outflow and water level produced. The outlet
arrangement and/or size is then refined, if necessary, and the process repeated
until an acceptable maximum outflow and water depth is reached.
(1)  Select trial outlet arrangement
To provide flow reduction for the 5 year ARI post-development design storm, a
rectangular orifice measuring 2.0m (width) x 1.0m (depth) was initially selected.
The invert level of the upstream end of the culvert was set at stage 31.00 m LSD in
the pond.
(2) Compute the stage-discharge relationship and storage indicator number
Calculate the stage-discharge relationship and storage indicator number from 5yr
ARI orifice outlet then, plot stage-discharge curve and storage indicator curve.
Table 7.A5: Stage-Discharge Relation and Storage Indicator Numbers
(5yr ARI 1st Trial)
H (m) O (m?/s) S (md) (S/AH+0O/2 (m3/s)
0.00 0.00 0 0.00
0.50 1.20 3171 53.44
1.00 3.76 6599 111.85
1.50 5.32 10258 173.62
2.00 6.51 14159 239.23
2.50 7.52 18311 308.93
3.00 8.40 22722 349.57
Co=1.7 (Weir Flow) and 0.6 (Orifice Flow), A=2.0m?, (Dimension=2.0m x 1.0m)
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Reference Calculation Output
(3) Route the inflow hydrographs through the pond
Using a routing time step of 1.0 minutes, the 5yr ARI orifice produced a
maximum discharge of 4.07 m3/s which is NOT acceptable (Table 7.A6) as it is
more than the 5 year ARI pond outflow limit of 2.8 m3/s. The maximum water
elevation in the basin is 32.1 m, LSD. It is ok since it is less than the maximum
allowable elevation (34.7m). However, the outlet needs to be resized since it
exceeds the permissible discharge.
Table 7.A6: Routing Table - 5 yr ARI (1t Trial)
Time I Li+L)/2 | Si/At+0Oy/2 O1 So/At+Oy/2 | O
(min) | (m¥/s) | (m%/s) (m?/s) (m3/s) (m?/s) (m*/s
0 0.00 0.00 0 0 0
1 0.15 0.07 0.00 0.00 0.07 0.00
2 0.30 0.22 0.07 0.00 0.30 0.00
3 0.45 0.37 0.30 0.00 0.67 0.00
4 0.60 0.52 0.67 0.00 1.20 0.00
5 0.75 0.67 1.20 0.00 1.87 0.00
6 0.90 0.82 1.87 0.00 2.69 0.06
7 1.05 0.97 2.69 0.06 3.61 0.06
8 1.20 1.12 3.61 0.06 4.67 0.06
9 1.35 1.27 4.67 0.06 5.88 0.12
10 1.50 1.42 5.88 0.12 7.18 0.12
Continued
60 4.94 494 116.96 3.84 118.06 3.91
61 4.94 4.94 118.06 3.91 119.09 3.91
62 4.94 4.94 119.09 391 120.12 3.91
63 4.94 4.94 120.12 3.91 121.14 3.99
64 4.94 4.94 121.14 3.99 122.09 3.99
65 4.94 4.94 122.09 3.99 123.04 3.99
66 4.79 487 123.04 3.99 123.91 3.99
67 4.64 4.72 12391 3.99 124.63 4.07
68 4.49 4.57 124.63 4.07 12513 4.07
69 4.34 442 12513 4.07 125.48 4.07
70 419 427 125.48 4.07 125.67 4.07
71 4.04 412 125.67 4.07 125.72 4.07
72 3.89 3.97 125.72 4.07 125.62 4.07
73 3.74 3.82 125.62 4.07 125.36 4.07
74 3.59 3.67 125.36 4.07 124.96 4.07
75 3.44 3.52 124.96 4.07 12441 4.07
76 3.29 3.37 124.41 4.07 123.71 3.99
77 3.14 3.22 123.71 3.99 122.93 3.99
78 2.99 3.07 122.93 3.99 122.01 3.99
79 2.84 2.92 122.01 3.99 120.94 3.91
80 2.69 2.77 120.94 3.91 119.79 3.91
Continued
[ . ]
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Figure 7.A5: Inflow and Outflow Hydrograph of 5yr ARI Storm Event (15t Trial)

(4) Re-Select trial outlet arrangement

To provide flow reduction for the 5 year ARI post-development design storm to a

pre-development level, a smaller size outlet is selected. A 0.5 x 0.5 m rectangular

orifice was selected. The invert level of the upstream end of the culvert was set at
stage 31.00 m LSD in the pond.

(5) Re-compute the stage-discharge relationship and storage indicator number

Calculate the stage-discharge relationship and storage indicator number from 5yr
ARI orifice outlet then, plot stage-discharge curve and storage indicator curve.

Table 7.A7: Stage-Discharge Relation and Storage Indicator Numbers
(5yr ARI 2nd Trial)

H (m)
0.00
0.50
1.00
1.50
2.00

O (m3/s) S (md)
0.00 0
0.87 3171
1.51 6599
1.94 10258
2.30 14159

2.50 2.61 18311 306.48

3.00 2.88 22722 380.14
Co=1.7 (Weir Flow) and 0.6 (Orifice Flow), A=0.25m?, (Dimension=0.5m x 0.5m)

(S/AH+O/2 (m?/s)
0.00
53.28
110.73
171.94
237.12

(6) Re-route the inflow hydrographs through the pond

Using a routing time step of 1.0 minutes, the 5yr ARI orifice produced a
maximum
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Reference Calculation Output
discharge of 2.34 m3s which is acceptable (Table 7.A8) as it is less than the
5 year ARI pond outflow limit of 2.8 m3/s. The maximum water elevation in the
pond is 32.63m, LSD. It is ok since it is less than the maximum allowable
elevation (34.7m).

Table 7.A8: Re-routing Table - 5 yr ARI (2"d Trial)
Time I (L+1)/2 | Si/At+01/2 O S/ At +Oy/2 O,
(min) | (m/ | (m%/s) (m?/s) (m?/s (m3/s) (m3/s
0 0.00 0.00 0.00 0.00 0.00
1 0.15 0.07 0.00 0.00 0.07 0.00
2 0.30 0.22 0.07 0.00 0.30 0.00
3 0.45 0.37 0.30 0.00 0.67 0.00
4 0.60 0.52 0.67 0.00 1.20 0.00
5 0.75 0.67 1.20 0.00 1.87 0.00
6 0.90 0.82 1.87 0.00 2.69 0.04
7 1.05 0.97 2.69 0.04 3.62 0.04
8 1.20 1.12 3.62 0.04 4.70 0.04
9 1.35 1.27 4.70 0.04 5.93 0.09
10 1.50 1.42 5.93 0.09 7.27 0.09
Continued
80 2.69 5.54 322,51 2.70 325.35 2.73
81 2.54 5.24 325.35 2.73 327.85 2.75
82 2.40 4.94 327.85 2.75 330.05 2.76
83 2.25 4.64 330.05 2.76 331.93 2.77
84 2.10 4.34 331.93 2.77 333.50 2.79
85 1.95 4.04 333.50 2.79 334.75 2.80
86 1.80 3.74 334.75 2.80 335.69 2.80
87 1.65 3.44 335.69 2.80 336.34 2.80
88 1.50 3.14 336.34 2.80 336.68 2.80
89 1.35 2.84 336.68 2.80 336.72 2.80
90 1.20 2.54 336.72 2.80 336.47 2.80
91 1.05 2.25 336.47 2.80 335.91 2.80
92 0.90 1.95 335.91 2.80 335.06 2.80
93 0.75 1.65 335.06 2.80 333.90 2.79
94 0.60 1.35 333.90 2.79 33247 2.77
95 0.45 1.05 332.47 2.77 330.74 2.77
96 0.30 0.75 330.74 2.77 328.72 2.76
97 0.15 0.45 328.72 2.76 326.41 2.73
98 0.00 0.15 326.41 2.73 323.82 2.72
99 0.00 0.00 323.82 2.72 321.11 2.70
100 | 0.00 0.00 321.11 2.70 318.40 2.68
Continued
o ]
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Figure 7.A6: Inflow and Outflow Hydrograph of 5yr ARI Storm Event (24 Trial)
Step 8: Size the major design storm primary outlet
The procedure for sizing the major design storm primary outlet is the same as the
minor design storm outlet.
(iii) Select trial outlet arrangement
To provide flow reduction for the 50 year ARI post-development design storm, an
additional 2.0 m x 2.0 m orifice was initially selected with an invert level of 33 m,
LSD that corresponds to a stage of 2.0 m.
(iv) Compute the stage-discharge relationship
The stage-discharge relationship is the summation of the 5year ARI and the
50 year ARI orifice capacities (Table 7.A9).
Table 7.A9: Combined Stage-Discharge - 5 yr and 50 yr ARI Orifice
5 yr ARI Total
H Orifice 50 yr ARI weir Discharge
(m) (m3/s) (m°/s) (m®/s)
0 0.00 0 0
0.5 0.87 0 0.87
1 1.51 0 151
1.5 1.94 0 1.94
2 2.30 0 2.30
25 2.61 4.70 7.31
3 2.88 6.64 9.53
Co=1.7 (Weir Flow) and 0.6 (Orifice Flow), A=4m? (Dimension=2.0m x 2.0m)
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Table 7.A10: Combined Storage Indicator Numbers - 5 yr and 50yr ARI

H (m) Q (m3/s) S (m3) (Sldt)+QI2

0 0 0 0.00

1 1 3171 53.28

1 2 6599 110.73
2 2 10258 171.94
2 2 14159 237.12
3 7 18311 308.83
3 10 22722 383.46

(v) Route the inflow hydrographs through the pond

Using a routing time step of 2.5 minutes, the 5 year and 50 year ARI orifices
produced a maximum discharge of 5.80 m3/s. This is NOT acceptable (Table
7.A11) as it is more than the 50 year ARI pond outflow limit of 5.4 m3/s. The
maximum water elevation in the pond is 33.35m, LSD that corresponds to a
maximum water depth of 2.35m.

Table 7.A11: Routing Table - 50 yr ARI (15t Trial)

Time 1 (11 + Iz)/z S1/At + 01/2 O Sz/A’E + 02/2 O,
(min) | (m3/s) | (m/s) my/s) | /s| (m/s) | (@
0 0.00 0.00 0.00 0.00 0.00 0.00
1 0.24 0.12 0.00 0.00 0.12 0.00
2 047 0.35 0.12 0.00 0.47 0.00
3 0.71 0.59 0.47 0.00 1.06 0.00
4 0.94 0.82 1.06 0.00 1.88 0.00
5 1.18 1.06 1.88 0.00 2.94 0.04
6 141 1.29 2.94 0.04 419 0.04
Continued
65 7.76 7.76 276.09 4.86 278.99 5.1
66 7.52 7.64 278.99 511 281.52 54
67 7.29 741 281.52 5.37 283.55 54
68 7.05 7.17 283.55 5.37 285.36 5.6
69 6.82 6.94 285.36 5.63 286.67 5.6
70 6.58 6.70 286.67 5.63 287.74 5.8
71 6.35 6.47 287.74 5.88 288.33 5.8
72 6.11 6.23 288.33 5.88 288.68 5.8
73 5.88 6.00 288.68 5.88 288.80 5.8
74 5.64 5.76 288.80 5.88 288.68 5.8
75 5.41 5.53 288.68 5.88 288.32 5.8
76 5.17 5.29 288.32 5.88 287.73 5.8
77 4.94 5.06 287.73 5.88 286.90 5.6
78 4.70 4.82 286.90 5.63 286.10 5.6
79 447 4.59 286.10 5.63 285.06 5.6
80 4.23 4.35 285.06 5.63 283.78 5.6
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Continued
1st Trial 50 Year
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Figure 7.A7: Resulting Outflow Hydrograph -50 yr ARI (1st Trial)
(viv) Re-select trial outlet arrangement
To provide flow reduction for the 50 year ARI post-development design storm, a
1.2m x 1.2m square orifice was re-selected. The previous selection was a 2.0m x
2.0m square, which exceeded the 50yr ARI allowable discharge limit of 5.4 m3/s.
The invert level of the upstream end of the culvert was set at stage 31.00 m LSD in
the pond.
(v) Re-compute the stage-discharge relationship
Re-calculate the stage-discharge relationship and storage indicator number from
50yr ARI orifice outlet then, plot stage-discharge curve and storage indicator
curve.
Table 7.A12: Stage-Discharge - 5 yr and 50 yr ARI Orifice
5 yr ARI . .
H Orifice 50 yr ARI weir | Total Discharge
(m) (m3/s) (m®/s) (m®/s)
0 0.00 0 0
0.5 0.87 0 0.87
1 1.51 0 1.51
15 1.94 0 1.94
2 2.30 0.00 2.30
25 2,61 2.26 4.86
3 2.88 3.19 6.07
Co=1.7 (Weir Flow) and 0.6 (Orifice Flow), A=1.44 m? (Dimension =1.2m x
1.2m)
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Table 7.A13: Combined Storage Indicator Numbers - 5 yr and 50yr ARI

Hm |  QmY/s) S (m3) (S/dy+Q/2
0.00 0 0 0.00
0.50 0.87 3171 53.28
1.00 1.51 6599 110.73
1.50 1.94 10258 171.94
2.00 2.30 14159 237.12
2.50 4.86 18311 307.61
3.00 6.07 22722 381.74

(vi) Re-route the inflow hydrographs through the pond

Using a routing time step of 1.0 minutes, the 5yr and 50yr ARI orifices produced a
maximum discharge of 4.9 m3s, which is acceptable as it is less than the
5 year ARI pond outflow limit of 5.4 m%s. The maximum water elevation in the
pond is 33.48 m, LSD. It is ok since it is less than the maximum allowable
elevation (33.7m).

Table 7.A14: Routing Table - 50yr ARI (2nd Trial)

Time I (11 + 12)/2 S1/At + 01/2 O Sz/At + 02/2 O,
(min) | (m/s) | (m/s) (mi/s) | (mi/s)| (m/s) | (my/s)
0 0.00 0.00 0.00 0.00 0.00 0.00
1 0.24 0.12 0.00 0.00 0.12 0.00
2 0.47 0.35 0.12 0.00 0.47 0.00
3 0.71 0.59 0.47 0.00 1.06 0.00
4 0.94 0.82 1.06 0.00 1.88 0.00
5 1.18 1.06 1.88 0.00 2.94 0.04
6 141 1.29 2.94 0.04 419 0.04
Continued
65 7.76 7.76 280.13 422 283.67 4.38
66 7.52 7.64 283.67 4.38 286.94 4.53
67 7.29 741 286.94 4.53 289.81 4.53
68 7.05 717 289.81 4.53 292.45 4.69
69 6.82 6.94 292.45 4.69 294.69 4.61
70 6.58 6.70 294.69 4.85 296.54 4.61
71 6.35 6.47 296.54 4.85 298.15 4.73
72 6.11 6.23 298.15 5.01 299.37 4.73
73 5.88 6.00 299.37 5.01 300.35 4.73
74 5.64 5.76 300.35 5.01 301.10 4.86
75 5.41 5.53 301.10 5.17 301.45 4.86
76 5.17 5.29 301.45 5.17 301.57 4.86
77 494 5.06 301.57 5.17 301.45 4.86
78 4.70 4.82 301.45 5.17 301.10 4.86
79 4.47 4.59 301.10 5.17 300.51 4.73
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Reference Calculation Output
80 | 423 | 435 | 30051 | 501 | 29985 | 473
Continued

2nd Trial 50 year
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Figure 7.A8: Resulting Outflow Hydrograph -50 yr ARI (2nd Trial)
Step 9: Size the secondary outlet arrangement
As there is no required limit for the 100 year ARI, the main criterion for selecting
the secondary outlet size is to minimise the overall height of the embankment
without having an excessively large secondary outlet.
(vii) Select trial outlet arrangement
A 10 m wide broad-crested weir spillway with 0(H):1(V) side slopes was initially
selected as the pond secondary outlet. The spillway was set at the side of the
embankment at an elevation of 33.5 m, LSD (50 year ARI maximum water level).
(viii) Compute the stage-discharge relationship
The stage-discharge relationship is the summation of the 5 yr and 50 yr ARI
orifice and 100yr ARI spillway capacities.
Table 7.A15: Combined Stage-Discharge - 5 and 50 yr Orifice and 100 yr ARI
Spillway
5yr ART | 50yr ARI . .
H Orifice Orifice spillway Total Discharge
(m) | (m%/s) (m3/s) (m?/s) (m3/s)
0 0.00 0.00 0 0
05 0.87 0.00 0 0.87
1 151 0.00 0 1.51
15 1.94 0.00 0 1.94
2 2.30 0.00 0 2.30
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Reference Calculation Output
25 2.61 2.26 0 4.86
3 2.88 3.19 6 12.08

Co=1.7 (Weir Flow) and 0.6 (Orifice Flow), 5yr Orifice=0.5m x 0.5m, 50yr Orifice
=1.2m x 1.2m and 100yr Spillway=10m x 0.5m

Table 7.A16: Combined Storage Indicator Numbers - 5yr, 50yr and 100yr ARI

H(m) | QmY/s) S () (5/dy)+Q/2
0.00 0 0 0.00
0.50 0.87 3170.5 53.28
1.00 1.51 6598.5 110.73
1.50 1.94 10258 171.94
2.00 2.30 14158.5 23712
2.50 4.86 18310.5 307.61
3.00 12.08 20722 351.41

(ix) Route the inflow hydrographs through the pond

Using a routing time step of 1.0 minutes, the maximum water level in the pond is
33.65 m, LSD that corresponds to a water depth of 2.60 m. Allowing a freeboard
of 300 mm for wave action, the embankment crest elevation is set at 34.0 m, LSD.

(iv) Check if the results are acceptable

The basin will provide a reduction in the 100 year ARI flow, being reduced from
8.69 m3/s to 7.03 m3/s (more than the 100yr ARI pre-development discharge of 6.0
m3/s). Should be ok since the pond is to cater for 50 year ARI only. Since the
maximum water level (33.60 m LSD) is within the allowable level, the pond sizing
and routing is ok.

Table 7.A17: Routing Table - 5 yr, 50 yr and 100 yr ARI

Time I (Li+1)/2 | Si/At+04/2 O Sy/At+ Oy/2 (@)}
(min) | (m?/s) | (m/s) (m¥/s) | @m/s| (mys) | (ms
0 0 0.00 0.00 0.00 0.00 0.00
1 0.26 0.13 0.00 0.00 0.13 0.00
2 0.53 0.40 0.13 0.00 0.53 0.00
3 0.79 0.66 0.53 0.00 1.19 0.00
4 1.05 0.92 1.19 0.00 211 0.00
5 1.32 1.19 211 0.00 3.29 0.04
Continued
67 8.16 8.30 312.43 6.07 314.65 6.65
68 7.90 8.03 314.65 6.65 316.03 7.03
69 7.64 7.77 316.03 7.23 316.57 7.03
70 7.37 7.51 316.57 7.23 316.85 7.03
71 711 7.24 316.85 7.23 316.87 7.03
72 6.85 6.98 316.87 7.23 316.62 7.03
73 6.58 6.72 316.62 7.23 316.11 7.03
74 6.32 6.45 316.11 7.23 315.33 7.03
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Reference Calculation Output
75 6.06 6.19 315.33 7.23 314.29 6.65
76 5.79 5.93 314.29 6.65 313.57 6.65
80 4.74 4.87 310.40 6.07 309.20 5.49
Continued
1st Trial 100 year
10
9
3 / \ —0—-Qj+1
7 / 1
L el
= )
o, / EEeees
s ) A\ N\
2 ) N
== \
O /
20 40 60 80 100 120 140
Time (minutes)
Figure 7.A9: Resulting Outflow Hydrograph - 100yr ARI
Step 10: Check behaviour under extreme conditions
As the pond is small in volume and bund height it is not a hazardous structure.
Therefore, no checking was required for the bund failure due to PMF.
Step 11: Prepare design drawings and specifications
Refer Figure 7.A11 and 7.A12.
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Figure 7.A10: Layout Plan of the Designed Detention Pond
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Figure 7.A11: Cross Section of the Designed Detention Pond
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7-38
NOT FOR SALE

Detention Pond



NOT FOR SALE




NOT FOR SALE

MSMA 27 Edition. 2012 | DID Malaysia

CHAPTER 8 INFILTRATION FACILITIES

8.1 INTRODUCTION ..ot
8.2 PLANNING AND FEASIBILITY ANALYSIS........cccccoovvenene.
821  Drainage Area ...

8.2.2  Pollutant Removal Capabilities ...........ccccceueueervcncnne.

8.2.3  Site Suitability Limitations ...........c.ccccceeeeiiiininnnne.

8.24  Design Criteria........ccccoeviiiiiiiniiiiniiiiiicce,

8.2.4.1 PrinCiples......cccocceueucueeiininrerinieieiereieeeceeens

8.2.4.2 Check List.....cccooovevviriiiiiiiiicceeeees

8.3 DESIGN PROCEDURE .......ccccoviiiiiiiiiiiiiniccnes
8.3.1  General.....cccirnrrieiiecccce s

8.3.2  Design of On-site Facilities..........c.c.ccoecueuevnniccnnne.

8.3.2.1 General Considerations...........cccccooviriirinnnes

8.3.2.2 Design steps.......cccccvviriiniiiiiiniiiiniiiiiicns

8.3.3  Design of Community Facilities .........cccccccoevrevnenenene.

8.3.3.1 General Considerations..........ccccccoeeerurucucnne

8.3.3.2 Design steps.......ccccceviiiniiiiiniiiiiiiiiiicins

REFERENCES. ........ccooiiiiiiiiniiiiiice s
APPENDIX 8.A EXAMPLE - INFILTRATION TRENCH..................
APPENDIX 8.8 EXAMPLE - INFILTRATION BASIN .............c..c......

Infiltration Facilities NOT FOR SALE



NOT FOR SALE

NOT FOR SALE



NOT FOR SALE
MSMA 27 Edition. 2012 | DID Malaysia

8.1 INTRODUCTION

This Chapter presents system, function and design of infiltration facilities. They serve primarily for removing
the associated pollutants contained in the captured stormwater volume by filtration process through soil media
above the groundwater table (GWT). The system can offer reduced pollutant loadings to downstream major
runoff treatment BMPs, such as water quality ponds or wetlands. The main types of infiltration BMPs are
sump, porous pavement, trench (Figure 8.1) and basin (Figure 8.2). The facilities are dry or empty when not in
operation and are part of green park environment. The infiltration basin can provide additional functions of
stormwater quantity controls and design of which shall be based on detention pond.

PLAN SECTION
/» Grass Filter Strip
— -
| 4|.Grass
| L Filter| T s T T 7
Sides Lined with Permeable
‘‘‘‘‘‘‘‘‘‘‘ <o 4 Filter Fabric
" .4=%2 Clean Washed Stone
Screened Overflow Pipe § g Sand Filter
GWL
V Outflow
Figure 8.1: Typical Infiltration Trench Design
PLAN

Clean Stone Riprap

Outlet

Treatment Area

SECTION
Grass Turf — Water Quality Volume
(WQv) Inflow (Pretreated)
szzsazeaty v @8?2/

Outlet N

Excess Runoff
-t

IS

Clean Stone GWL

Figure 8.2: Typical Infiltration Basin Design
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The facilities can be located on-site or along public drainage, depending on runoff contributing areas, pollution
intensity and landuse practices being dealt with (Figure 8.3).

a) Infiltration Trench - Parking lot b) Infiltration Basin - Residential

Figure 8.3: Typical Infiltration Application

8.2 PLANNING AND FEASIBILITY ANALYSIS

The infiltration facilities must be carefully selected, located, designed, and maintained to achieve their design
benefits as well as to protect areas where groundwater quality is of concern. Infiltration can be successfully
utilised if adherence to proper construction and maintenance standards is followed in accordance with its

design life.
8.21 Drainage Area

Infiltration BMPs are limited in their ability to accept and treat flows from larger drainage areas. The types of
infiltration BMPs and their drainage area limitations are given in Table 8.1.

Table 8.1: Infiltration BMPs and Drainage Area Limit

Infiltration BMPs Maximum Drainage Area
Dispersion trenches/ Infiltration sumps 500 m?
Infiltration trenches/Porous pavements 4 hectares
Infiltration basins 15 hectares

8.2.2  Pollutant Removal Capabilities

Pollutant removal mechanisms in an infiltration system include absorption, filtration and microbial
decomposition. Pre-treatment BMPs are required to remove coarse particulate matter and to reduce/prevent
excessive pollutant loads entering the facilities. The typical removal capacity of infiltration facilities are
summarised in Table 8.2.

Table 8.2: Typical Pollutant Removal Efficiencies for Infiltration BMPs (Fletcher et al., 2003)

Pollutant Expected Comments
Removal
Litter >90% Expected to trap all gross pollutants, except during high-flow
bypasses
Total Suspended Solids | 65-99% | Pre-treatment is required to reduce clogging risk
Total Nitrogen 50-70% | Depend on nitrogen speciation and state (soluble or particulate)
Total Phosphorus 40-80% | Depend on nitrogen speciation and state (soluble or particulate)
Heavy Metals 50-95% | Depends on state (soluble or particulate)
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8.2.3  Site Suitability Limitations

Soil types, surface geological conditions and groundwater levels determine the suitability of infiltration
systems. For a site to be suitable, it must meet or exceed all of the criteria listed in Table 8.3. Should a site
investigation reveal that any one of the Suitability Limitations cannot be met; the implementation of the
infiltration practice should not be pursued.

Table 8.3: Site Suitability Limitations (DID, 2000).

Limitation Comments
Soil The suitability of soil for infiltration is to be based on evaluating the following:

e Saturated soil infiltration rate should be a minimum rate of 13mm/hr

e Soils with 30% or greater clay content or 40% greater silt/clay content should not
be used (refer to the USDA Textural Triangle in Figure 8.4)

e Aerobic conditions are to be maintained to the fullest extent possible for runoff
treatment BMPs by designing them to drain the water quality design storm in 48
hours or less.

e Infiltration systems should not utilise fill material or be placed over fill soils. (At
locations where soils are unsuitable for infiltration or where water tables are
high, it may be practical to provide infiltration through soil layers in fill, possibly
collecting percolating water in pipes. This should not be ruled out, but suitable
safeguards should be applied.)

Depth to Water The base of all facilities should be located at least 1.5m above the seasonal high
Table, or ground water level and/or any impermeable layer (such as bedrock, clay lens, etc.).

Impermeable Layer
(Bedrock)

Proximity to

The proximity of infiltration facilities to other structures and facilities must be taken

Drinking Water into account where the potential exists to contaminate ground water, damage

Wells, Building foundations and other property. The site investigation is required to determine the

Foundations, most appropriate locations of infiltration facilities; this is best done on a case-by-case

Structures and basis but the following basic criteria are provided:

Property Lines e The facilities should not be allowed in well-field areas or near wells or springs
used for drinking water supply.

¢ Infiltration facilities should be situated at least 7m down-slope and 50m up-slope
from building foundations. Infiltration sumps or trenches (on-site facilities)
should be located at a minimum of 3m from any structure and 10m from a non-
potable water supply well, septic tank or drain field.

e Infiltration facilities on commercial and industrial sites, even though are not
recommended, should be placed no closer than 35m from a non-potable water
supply well, septic tank or drain field,

Land Slope Infiltration facilities can be located on slopes up to 15% as long as the slope of the

base of the facility is less than 3%. All basins should be a minimum of 20m from any
slope greater than 15%.

Control of Siltation

During construction, it is critical not to excavate infiltration trenches or basins to
final grade during this phase. After construction, it is vital to prevent as much
sediment as possible from entering by first routing the water through a pre-
treatment BMP.

In the case of infiltration trenches, clogging occurs most frequently on the surface.
Grass clippings, leaves and accumulated sediment should be removed routinely
from the surface. If clogging appears to not be only at the surface, it may be
necessary to remove and replace the first layer of filter media and the geotextile
filter. In the case of infiltration basins, sediment should be removed when it is
sufficiently dry so that the sedimentation layer can be readily separated from the
basin floor

Infiltration Facilities
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Figure 8.4: USDA Textural Triangle (USDA, 1971)
8.24  Design Criteria
8.2.4.1 Principles

The general principle in designing infiltration facilities is to capture the entire runoff water quality volume
(WQV) of 40mm over the equivalent impervious contributing catchment area for water quality treatment
purposes, whereas for water quantity regulation, the design acceptance criterion requires that the peak be
reduced to the pre-developed value for the minor system design storm ARIs. Thus, the acceptance criteria for
the design infiltration facilities require satisfying both standards.

8.24.2 Check List
The design criteria listed and discussed in this section are intended for designing infiltration facilities.

(i) Soil Investigation

Soil investigation is required for any type of infiltration facilities for each proposed development location in
order to determine the soil type and groundwater level. Each soils log should extend a minimum of 3.0m below
the bottom of the facility, describe the series of the soil, the textural class of the soil horizon(s) through the
depth of the log and note any evidence of high ground water level. In addition, the location of impermeable
soil layers or dissimilar soil layers should be determined.

(i1) Design Infiltration Rate

The design infiltration rate (f;) should be one-half the infiltration rate (f.) found from the soil textural analysis

(fa = 0.5f.).
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(iii) Runoff Pre-Treatment

Suspended solids and pollutants in runoff should be pre-treated prior to discharge to any infiltration facilities.
(iv) Fill Material

Aggregate materials (for trenches and upper layers of infiltration basins) should consist of a clean aggregate

with void space (i.e., porosity) in the range of 30 to 40%. The aggregate should be poorly graded.

(v) Buildings

Dispersion trenches, infiltration sump, infiltration trenches or porous pavement should be located 3m from
building foundations. Meanwhile, infiltration basins should be a minimum of 50m upslope and 7m downslope
from any building. Further, these facilities should be a minimum of 20m from any slopes greater than 15%. A
geotechnical report should address the potential impact of the basin infiltration upon the steep slope.

(vii) Overflow Route

An overflow route must be identified in the event that the facilities capacity is exceeded (greater than minor
system design ARI). The overflows must be connected to a conveyance system.

(vii)  Spillways

The spillway requirement is only applied for the infiltration basin. All aspects of the principal spillway design
and the emergency spillway should follow the details provided for detention pond in Chapter 7.

8.3 DESIGN PROCEDURE
8.3.1 General

The design methodologies presented here concentrate on two types of infiltration facilities: infiltration trenches
and infiltration basins. The design methodology of all infiltration facilities should be applied to all type of
facilities that emphasise on their contributing drainage areas. There are two general types of situations where
infiltration facilities may be used.

e One may be interested in the dimensions of an infiltration device that is required to provide storage of the
water quality volume (WQV), and/or downstream protection volume of runoff.

e The site conditions may dictate the layout and capacity of infiltration measures and one might be interested
in determining the level of control provided by such a layout. In this, control may not be sufficient to meet
stormwater treatment requirements, and additional control, possibly using other acceptable control
measures (such as conveyance systems) may be required.

8.3.2  Design of On-site Facilities

8.3.2.1 General Considerations

The design procedure outlined in this section should be used in designing on-site trench systems that include
dispersion trenches, infiltration sumps and infiltration trenches that their drainage contribution area is less than
500m?2.

The design of a trench system is based on the textural class of the soils underlying. The design of a trench

system is also based on the maximum allowable depth of the trench (du.) which should meet the following
criteria:

g LT 8.1)

max
n
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where,
fc = Final infiltration rate of the trench area (mm/hr);
Ts = Maximum allowable storage time (hr); and
n = Porosity of the stone reservoir.

Design criteria for on-site facilities are provided in Table 8.4. A trench system is sized to accept the design
volume that enters the trench (V) plus the volume of rain that falls on the surface of the trench (PA;) minus the
exfiltration volume (f;TA¢) out of the bottom of the trench (Figure 8.5). Based on the analysis, the effective
filling time for most trenches (T) will generally be less than two hours. The volume of water that must be
stored in the trench (V) is defined as:

V=V,+PA, - f,TA,

where,

P =Design rainfall event (mm);

A; = Trench surface area (m?);

Vi = Design runoff volume that enters the trench (md);

T = Effective filling time (hr), generally <2; and

fs = Design infiltration rate (mm/hr).

Table 8.4

(8.2)

Design Criteria of On-Site Infiltration Facilities

Design Parameters

Dispersion Trench/ Infiltration
Sump

Infiltration Trench

Contributing drainage area

Up to 500m?

Up to 500m?

Soil investigation requirement

1 soil log test per site extending
to 1.5m below of the trench
bottom

1 soil log test every 15m of
trench extending to 1.5m below
of the trench bottom

Design infiltration rate (fq)

fq is equal to 0.5f. with minimum
f. of 13mm/hr

fq is equal to 0.5f. with
minimum f. of 13mm/h

Maximum drawdown time

24hrs - Design ARI for Minor
System

24hrs - Design ARI for Minor
System

Design ARI for Minor System
(Quantity)

Design ARI for Minor System
(Quantity)

Design Runoff Capture 40mm of rainfall over Capture 40mm of rainfall over
the contributing catchment area | the contributing catchment area
(Quality) (Quality)
Fill material void space in ;gf/ range of 30 to void space in ﬁ)li/ range of 30 to

Maximum depth

1.5m above the seasonal
groundwater or impermeable
layer

1.5m above the seasonal
groundwater or impermeable
layer

Minimum clearance to special
facilities

3m from building foundation

10m from non-potable water
supply well

3m from building foundation

10m from non-potable water
supply well

Overflow route

needs to be identified

needs to be identified

Observation well

1 every site (recommended)

1 every 15m of trench length

8-6
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For most design storm events, the volume of water due to rainfall on the surface area of the trench (PAy) is small
when compared to the design volume (V%) of the trench and may be ignored with little loss in accuracy to the
final design.

The volume of rainfall and runoff entering the trench can be defined in terms of trench geometry. The gross
volume of the trench (V;) is equal to the ratio of the volume of water that must be stored (V) to the porosity (1)
of the stone reservoir in the trench; V; is also equal to the product of the depth (d;) and the surface area (A)):

\%
V,=—=d,An (8.3)

n

PA, Vw

R
SN
dmax V
o TR TR
A% ¢ 58\
deAI‘

Figure 8.5: Model of Trench Hydrologic Balance

Combining Equations 8.2 and 8.3 yields the relationship: d/A¢n + fiTA: = V., . Because both dimensions of the
trench are unknown, this equation may be rearranged to determine the area of the trench (A;) if the value of d;
were set based on either the location of the water table or the maximum allowable depth of the trench (dua):

V.
= 8.4
" ond, + f,T (8.4)

In the event that the side walls of the trench must be sloped for stability during construction, the surface
dimensions of the trench should be based on the following equation:

A, =(L-2zd,) W-2d,) (8.5)
where,

L = The top length (m);
W = The top width (m); and
Z = The trench side slope ratio.

The design procedure would begin by selecting a top width (V) that is greater than 2 x Zd, for a specified slope
(Z). The side slope ratio value will depend on the soil type and the depth of the trench. The top length (L) is
then determined as:

L=7d +—2 (8.6)
W - Zd,
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Figure 8.6: Schematic of Trench
8.3.2.2 Design steps
This involves the following steps:

e Determine the contributed water quality volume (40 mm over the equivalent impervious contributing
catchment area) from the development for storage to meet the runoff control requirement (acceptance
criteria).

¢ Compute the maximum allowable depth (d,ux) from the feasibility equation, dux = fTs/n.

e Compute volume of water that must be stored in the trench (V)as V =V, + PA, - f,TA,

e Determine the surface area (A;) dimensions of the trench as A, =(L—Zd,) (W - Zd, ). This area should

be
greater or equal than the area considered in the preliminary sizing.

8.3.3  Design of Community Facilities
8.3.3.1 General Considerations

The same principles as those applied in the previous section can be used as general design consideration for
infiltration trench and basin, serving for larger catchment areas. The design of an infiltration basin facility is
based on same soil textural properties and maximum allowable depths as an infiltration trench. However,
because the infiltration basin uses an open area or shallow depression for storage, the maximum allowable
depth (dyax) should meet the following criteria:

Aoz = chp 8.7)
where,

fec = Final infiltration rate of the basin area (mm/hr); and
T, =Maximum allowable ponding time (hr).

Design criteria are set out in Table 8.5.

An infiltration basin is sized to accept the design volume that enters the basin (V) plus the volume of rain that
falls on the surface of the basin (PA;) minus the exfiltration volume (fT'Ap) out of the bottom of the basin. Based
on the analysis, the effective filling time for most infiltration basins (T) will generally be less than two hours.

The volume of water that must be stored in the basin (V) is defined as:
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where,

P =Design rainfall event (mm);

Ay = Basin surface area (m?);

Vw = Design volume that enters the basin (m3);

T = Effective filling time (hr), generally <2 ; and
fa = Design infiltration rate (mm/hr).

For most design storm events, the volume of water due to rainfall on the surface area of the basin (PAy) is small

when compared to the design volume (V) of the basin and may be ignored with little loss in accuracy to the
final design.

Table 8.5: Design Criteria of Community Infiltration Facilities

Design Parameters

Infiltration Trench

Infiltration Basin

Drainage area

Up to 4ha.

Up to 15ha

Soil investigation
requirement

1 soil log test every 15m of trench
1.5m below of the trench bottom

1 soil log test every 500m? of basin
area

1.5m below of the basin bottom

Design infiltration rate (f4)

fq is equal to 0.5f. with a minimum f.
of 13mm/hr

fq is equal to 0.5f. with a minimum f.
of 13mm/hr

Maximum drawdown time

24 hours - 10 year ARI

24 hours - 10 year ARI

Runoff treatment

Design ARI for Minor System

(Quantity)
40mm (Quality)

Design ARI for Minor System
(Quantity)
40mm (Quality)

Backfill material

void space in the range of 30 to 40%

void space in the range of 30 to 40%

Maximum depth

3m with minimum 1.5m above the
seasonal groundwater

3m with minimum 1.5m above the
seasonal groundwater

Minimum proximity to
special facilities or building
foundation

7m (downslope)
50m (upslope)

7m (downslope)
50m (upslope)

Overflow route

needs to be identified

needs to be identified

Observation well

1 every 15m of trench length

1 every 50m? of basin area

Spillway and Embankment

Require and should be stabilised
and planted with vegetation

The volume of rainfall and runoff entering the basin can be defined in terms of basin geometry. The geometry
of a basin will generally be in the shape of an excavated trapezoid with specified side slopes. The volume of a
trapezoidal shaped basin may be approximated by:

Vzw (8.9)

where,

A = Top surface area of the basin (m?);
Ap = Bottom surface area of the basin (m?); and
dy = Basin depth (m).
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The bottom length and width of the basin may be defined in terms of the top length and width as shown in
Figure 8.6:

Wb = Wt - 2 Z db (810b)

where,

Ly = Basin bottom length (m);

W, = Basin bottom width (m);

L; = Basin top length (m);

W, = Basin top width (m); and

Z = Specified side slope ratio (H:V).

zd,

-=

L |

a) Plan

A=LW,

1 % Ab = LbWb

b) Side

Figure 8.6: Schematic of Basin Nomenclature (Wisconsin Department of Natural Resources, 2004)

By setting Equations 8.8 and 8.9 equal and substituting the above relationships for L, and W, the following
equation is derived for the basin top length:

V, +2d,(W, -2Zd,)

L
' W,d, — Zd}

(8.11)

The infiltration basin usually adopts irregular shape in accordance with grading plan. Sizing is thus based on
method described in Chapter on detention basin.
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8.3.3.2 Design steps
This involves the following steps:

e Determine the contributed volume of water from the development for storage to meet the runoff
control requirement (acceptance criteria).

e Compute the maximum allowable basin depth (dyua) from the feasibility equation, du. = f.T,. Select the
basin design depth (dy) based on the depth that is the required depth above the seasonal groundwater
table, or a depth less than or equal to d,.x, whichever results in the smaller depth

e Compute the basin surface area dimensions for the particular soil type using Equation 8.11. The basin
top length (Ly) and width (W;) must be greater than 2Zd, for a feasible solution. If L; and WWV; are not
greater than 2Zd, the bottom dimensions would less than or equal to zero. In this case, the basin depth
(d) should be reduced for a feasible solution.
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APPENDIX 8.A EXAMPLE - INFILTRATION TRENCH

Problem:

Estimate the preliminary size of an infiltration trench proposed for the USM School of Civil Engineering
building in Nibong Tebal, Pulau Pinang with 1.5%ha of institutional area. The impervious area is 65% of the
catchment area. Given the value of infiltration rate, f = 35 mm/hr, maximum storage time, Ts = 24 hr, effective
filling time, Tf= 2 hr and porosity of fill materials, n = 0.35.

a) Site Plan

‘ 152m ‘
- 122m _
72m )
37m
r——'
v N v % N v v
v v LV . N -
= Perimeter Drain v
L
\

7

i 4 Roof T $

v

v v v
v
) v v
Parking Lot l R Pervious Area (Grass) Roof
oof N N W
| v
L N % 2 v N T \%
v
l Impervious Area (Roof) i
v
— = ; v Grass v v A
N N N N \% %

Proposed Inlet Drain

Proposed Inlet Drain

Proposed Infiltration
Trench

b) Building and Drainage Layout

Figure 8.A1: Proposed Trench Site and Design

36m 73.4m 104m
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Solution:
Reference Calculation Output
Determine the contributed water quality volume WQV
Table 2.5 Runoff coefficient for commercial and business centres = 0.95
Runoff coefficient for sport fields, park and agriculture = =0.40
Impervious area =0.65
Pervious area =0.35
Equation 11.1 |Required storage for WQV = Ce (Pg) A
= (0.65*0.95 + 0.35%0.4)*0.04 x 15900 481.8m?
where:
WQV = Water quality volume
Cave = Average rational runoff coefficient (Refer Table 2.5)
Pq = Rainfall depth for water quality design storm (= 40 mm)
A = Contributing drainage area (ha)
Determine of Trench Size
Porosity of fill materials, n 0.35
Maximum storage time, T; (hours) 24hr
Effective filling time, T (hours) 2hr
Infiltration rate, f 35mm/hr
Maximum allowable depth Ay = ST
Equation 8.1 pth max T,
_0.035x24
Thus, the proposed depth (d;) of the trench 1.0m
Design infiltration rate (f;) =05 f. 0.0175m/hr
V.
A =—T—
nd, + fTy
= 481.8 1252m?
0.35x1.0+0.0175x 2.0
The dimension of the proposed infiltration trench is should be based on
capture of the required water quality volume as 1252m? 50m x 25m X
Im
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Figure 8.A2: Infiltration Trench Design
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APPENDIX 8.B  EXAMPLE - INFILTRATION BASIN

Problem:

Estimate the preliminary size of an infiltration basin proposed for the Bertam Perdana, Pulau Pinang. The
catchment area is 12.70ha with 52% of impervious area. The site condition of pre-development is palm oil
plantations. From initial site investigation, the characteristic of the catchment is as follows:

Soil type : Sandy loam

Infiltration capacity (fc) : 35mm/ hr

Ground water level : 3m (below ground surface)

The following assumptions are made  : Time of concentration pre-development, tc = 45 minutes
Time of concentrations, t. =30 minutes
Porosity of sandy loam, n =035
Maximum storage time, Ts =24 hr

Effective filling time, T¢

JE]
IS

Figure 8.B1: Site Plan

Reference Calculation Output
Determine the contributed water quality volume WQV
Table 2.5 Runoff coefficient for commercial and business centres = 0.95
Runoff coefficient for sport fields, park and agriculture = 0.40
Impervious area =0.52
Pervious area =048
Equation Required storage for WQV = Cp (Py) A
111 = (0.52*0.95 + 0.48*0.4)x0.04 x 127000 = |3484.9m?
where:
WQV = Water quality volume
Cwe = Average rational runoff coefficient (Refer Table 2.5)
Py = Rainfall depth for water quality design storm (= 40 mm)
A = Contributing drainage area (m?)
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Reference Calculation Output
Determine of Basin Size
Porosity of soil materials, 1 0.35
Maximum storage time, T (hours) 24hr
Effective filling time, T (hours) 2hr
Infiltration rate, f 35mm/hr
Equation
8.7 Maximum allowable depth, (dyua) = f.T, = (35/1000) x 24 0.84m
Thus, the proposed depth (dp) of the basin 0.5m
The proposed side slope 1:4 (V:H)
Design infiltration rate (f;) = 0.5 f.= 0.5 x (35/1000) 0.00875m/ hr
Equation Ly =Li-2Zdy
8.10a
Equation Wiy =W -2Zdy
8.10b
Equation Ly =[Vw+ Zdy Wi-2Zdp)] /[ Wr dy - Zdi?]
8.11
Vw is equal to WQV and Say W.is 100m
Ly = [ 3484.9+(4x0.5)(100 - 2x4x0.5)] / [ (100 x 0.5)-(4x0.5?)] 75.04m
The top dimension of the proposed infiltration basin is 100.0m x 72.0m x
0.5m
Wi, = 75.04-(2x4x0.5) 71.04m
Ly = 100-(2x4x0.5) 96m
The bottom/floor dimension of the proposed infiltration basin 96m x 71m
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Figure 8.B3: Infiltration Basin Design
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9.1 INTRODUCTION

This Chapter provides bioretention systems in term of functions, components and design methods to best serve
stormwater quality treatment objectives while promoting a pleasant and green living environment in the urban
setting. Bioretention systems are a form of stormwater best management practices (BMPs) that use biological
uptake and porous media filtration processes, combined, to treat stormwater runoff. The systems integrate
vegetation, such as trees, shrubs and grasses, and layered media using soil, sand and mulches. These structural
controls capture, temporarily detain and treat runoff from small rainstorms before release it back to the
receiving waters. Runoff shall be pretreated and diverted into the systems that can be constructed from a
shallow excavated site along a proposed drainage channel or swale.

911  System Components

Bioretention systems can be designed as permeable or impermeable systems (DOW, 2007). The permeable
system (Figure 9.1) drains the water through the filtration media and sand bed layer before spreading to the
surrounding native soil and finally recharging groundwater. The impermeable system (Figure 9.2) similarly
drains the water from the filtration media through transition layers, however, intercepted by a subsoil
pipe/underdrain located in the drainage layer. In an area where native soils have relatively low infiltration
capacity or higher rainfall intensity is frequently experienced, such underdrain is required to carry excess water
away from the site so that its storage capacity is available for the next storm. The components of a bioretention
system consist of pre-treatment, inlet, an excavated basin area with plant and underlying mulch layer, soil bed,
sand bed and drainage and outlet structure.

PLAN
Riprap
Inflow Pretreated
by Swale
A Outl ‘ A

o

Treatment Area

SECTION A-A

[Overﬂow Pit  Water Quality Volume

(WQV)
\M Z ﬁ Inflow Pretreated
! ] by Swale

Discharge to
Downstream
Conveyance

i

L Soil Media ~Mulch Is;md Bed

GWL

Figure 9.1: Permeable Bioretention Basin
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Figure 9.2: Impermeable Bioretention Basin

The selection of plant species can provide for a wide variety of landscape designs. The plants, soils, and organic
matter such as compost and a mulch layer all play an important role in treating runoff by naturally breaking
down pollutants. The underlying gravel beds (drainage layer) serve to temporarily store and infiltrate treated
stormwater after percolating through the organic soil layer (filter media) or finally discharge treated water
through under drains. They provide water quality treatment by removing fine sediment, trace metals, nutrients,
bacteria and organics through a variety of pollutant removal mechanisms, including:

e TFiltration, extended detention treatment;
e Adsorption to soil particles, denitrification; and
e Biological uptake by plants.

The systems provide a high degree of treatment as the increase in the organic content of soils used in
bioretention cell promotes removal of pollutants in the water and also absorption of runoff. The organic soils
act as a sponge to retain water, providing more storage capacity in the cell. The removal efficiency of a
bioretention system for selected stormwater pollutants is given in Table 9.1 (ARC, 2001 & DOW, 2007).

Table 9.1: Removal Efficiency of Bioretention System

Pollutant Removal Efficiency (%)
Total Suspended Solids (TSS) 80 (High)
Total Phosphorous (TP) 60 (Medium)
Total Nitrogen (TN) 50 (Medium)
Metals 80 (High)

The treated stormwater, filtered through the vegetation and soil media, is collected either in an underdrain
system or allowed to infiltrate into the ground. Stormwater runoff higher than the design storm ARIs by passes
the bioretention system.
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91.2 Application

Bioretention systems are generally applied to small sites and ideally suited to many ultra urban areas, such as
parking lots. They can fit into existing built up areas and provide visual enhancements to the urban landscape.
The systems are typically placed close to runoff sources. They include use as off-line BMPs facilities located
adjacent to parking lots, along highway and road drainage swales, around buildings and within landscaped
islands in impervious or high-density environments. General form of bioretention systems can be very flexible,
including as linear systems, basins and planter boxes (Figure 9.3).

Other application is at stormwater hotspot areas where landuse activities generate highly contaminated runoff,
with concentrations of pollutants in excess of those typically found in stormwater. A typical example is a gas
station or factory lot. Bioretention system can be used to treat stormwater hotspots as long as an impermeable
liner is used at the bottom of the filter bed. The pollutant loading need to be considered for successful use in
hotspot areas, as it is likely that the plants will not survive in some of the hotspots if the pollutant loads are

high.

a) Residential - Basin

c) Parking Lot - Linear d) Factory (Hot Spot) - Basin

Figure 9.3: Typical Bioretention Application Sites

Bioretention can be used as a stormwater retrofit, by modifying existing landscaped areas, or if a parking lot is
being resurfaced. In highly urbanised areas, they are one of the few retrofit options that can be employed.
Bioretention systems have some limitations that they are used to treat runoff from small drainage areas.
Although the systems itself do not consume a large amount of space, incorporating multiple bioretention
systems into a high density or congested urban area may reduce the available space uses. Additionally, the
construction and cumulative maintenance costs of bioretention systems are relatively high compared with other
stormwater treatment BMPs.
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9.2 DESIGN CONSIDERATIONS
9.2.1 General

Considerations for selecting the BMPs are the drainage area, landuse practices, slope, soil and subsurface
conditions including the depth of the seasonally high groundwater table and the nearest impermeable layer
below it.

Designers need to detail conditions and suitability at the site level and must incorporate design features to
improve the longevity and performance of the device, while minimizing the maintenance cost.

9.21.1 Siting
Generally, the siting of a bioretention system should consider the followings:

e Closeness of placement of the facilities to the source of runoff generation, such as areas upstream from
outfalls that receive sheet flow from graded areas.

e Site with land surface that permits the dispersion of flows relatively uniform.

e Space availability for easy installation considering setback requirements on residential subdivision lots
and commercial lots.

e The systems should not be located near building areas (unless the design incorporates adequate
waterproofing measures and are approved by a geotechnical engineer), well heads, and septic systems.
Minimum setback distances from structures and property boundaries are shown in Table 9.2 for
different soil type.

e Needs of stormwater management retrofit and redevelopment opportunities especially in areas where
total stormwater management control is not feasible.

o The sites to be excavated or cut is suitable for the bioretention system construction.

e Existing wooded areas or other significant natural features should be avoided if possible.

Table 9.2: Minimum Setback Distances (Institute of Engineers Australia, 2006)

Soil Type Csoengliijitlj}zﬁiu/l;fr) Minimum Setback (m)
Sands >180 3.0
Sandy Loam 36 to 180 3.0
Sandy Clay 3.6 to 36 4.0
Medium to Heavy Clay 0.0 to 3.6 5.0

9.2.1.2 Drainage Area

An individual bioretention system should usually be used to capture and treat runoff from small catchments,
limited to less than 1.0 ha of impervious area. When used to treat larger areas, the systems tend to clog in
shorter time. In addition, it is difficult to convey flow from a large area to a bioretention system. Generally,
commercial or residential drainage areas, exceeding 0.5-1.0 ha in size, will discharge flows greater than the 5-
year ARI storm event. When flows exceed this level, the designer should evaluate the potential for erosion to
stabilized areas. Typically, flows greater than the 5-year ARI storm event will require channel/pipe enclosure
across developed lots. However, by employing drainage runoff dispersion techniques and retaining existing
contours, concentrated quantities of flow can be reduced below these thresholds, eliminating or reducing the
need for a channel/pipe conveyance system. This may be accomplished by runoff dispersing larger drainage
areas based on land grading design to multiple bioretention systems. This runoff dispersion of flow technique
can reduce the cost of engineering design and site construction. In addition to reducing the need for drainage
channel/pipe conveyance systems, runoff dispersion techniques can also eliminate the need for surface
drainage easements or reserves.
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9.21.3 Slope

Bioretention systems are best located on relatively small slopes (usually less than 5%). Sufficient grade is
needed at the site to ensure that the runoff that enters a bioretention system can be connected to the storm drain
system. It is important to note, however, that bioretention systems are most often located adjacent to parking
lots or residential landscaped areas, which generally have gentle slopes.

9.2.1.4 In-Situ Soils
In an area where in situ soil is sandy and well drained it should be used for locating the permeable bioretention
systems. For clayey and poorly drained soils impermeable system shall be used. Saturated hydraulic

conductivity for typical soil types is shown in Table 9.3.

Table 9.3: Typical Soil Types and Associated Hydraulic Conductivity (Institute of Engineers Australia, 2006)

Saturated Hydraulic Conductivity
Typical Soil Types
(m/s) (mm/hr)
Coarse Sand >1x104 >360
Sand 5x105-1x10+ 180 - 360
Sandy Loam 1x105- 5x10- 36 - 180
Sandy Clay 1x106-1x10" 3.6-36
Medium Clay 1x107-1x10-¢ 0.36 - 3.6
Heavy Clay <1x107 <0.36

The permeable bioretention systems are recommended to be sited on in situ soils with saturated hydraulic
conductivities of higher than 13mm/hr. The used of permeable bioretention system with lower saturated
hydraulic conductivity of less than 13mm/hr results into prohibitively large bioretention area. In addition, soils
with lower hydraulic conductivities will be more susceptible to clogging and will therefore require enhanced
pretreatment.

9.2.1.5 Groundwater

Bioretention systems should be located above the groundwater table to ensure that groundwater never
intersects with the bottom of the bioretention system, which prevents possible groundwater contamination and
system failure. The minimum vertical distance between seasonal high water table and bottom of bioretention
system should be 0.6m. Sites with shallow groundwater are not recommended as infiltration will not work
effectively. Similarly, the organic absorption infiltration layer of a bioretention system is beneficial in pollutant
removal where bedrock or impermeable layer is shallow.

9.22  System Design
9.2.2.1 Pre-treatment Area

Grass buffer strips or vegetated swales are commonly used as pretreatment devices. They are required where a
significant amount of debris or suspended material is anticipated, such as from parking lots and commercial
areas. Runoff enters the bioretention area as sheet flow after passing through grass buffer strips with reduced
velocity and less particulate.

9.2.2.2 Inlet Controls

The flows may enter the system either through subsurface pipe, open channel/swale or as surface sheet flow
contributed from an upstream catchment area. Scour protection such as light riprap with 6 to 12mm D50 is
recommended to be used at the inlet into the system, to reduce localised flow velocities and to avoid erosion.
The flow around the inlet should be non-erosive flow with velocity below 0.5m/s. Level spreader may be
located to evenly distribute the incoming runoff onto the basin surface/ cells for effective percolation.
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9.2.2.3 Basin/Ponding Area

The ponding area provides surface storage of stormwater runoff before it filters through the soil bed. The
ponding area also allows for evaporation and settling sediment. The ponding is typically limited to a depth of
150-300mm. A maximum 150mm additional freeboard depth should be provided for online systems to allow
surcharge above the overflow outlet during larger storm events (> 3 month ARI). The ponding area is required
to drain within 24 hours (MPCA, 2008 and CFWP & MDE, 2000). This is within the general practice of 72 hours
maximum drain time of ponding to minimise mosquito breeding and other disease vectors. The 24 hours drain
time is chosen based on the following consideration:

e The need to optimise the cost of the bioretention system as a shorter drain time of ponding area
will lead to a bigger system.

e The pollutant removal based on 40mm of design storm is considered adequate for water quality
control objective.

9.2.24 Mulch Layer

The organic mulch layer has several functions. It protects the soil bed from erosion, retains moisture in the
plant root zone, provides a medium for biological growth and decomposition of organic matter, and provides
some filtration of pollutants mainly larger sediment particles. The mulch layer should consist of 50-100mm
depth of commercially-available fine shredded hardwood mulch or shredded hardwood chips.

9.2.2.5 Planting Soil Bed

The planting soil bed provides water and nutrients to support plant life in the bioretention system. Stormwater
filters through the planting soil bed where pollutants are removed. The total depth of the planting soil bed
should be between 450 to 1000mm.

Planting soils should be sandy loam, loamy sand, or loam texture with clay content ranging from 10 to 25%.
The natural soil profile of silt loam with design hydraulic conductivity of 13mm/hr can be used for a planting
bed. A much higher design hydraulic conductivity can be obtained with engineered soil mixture of sandy loam.
The in-situ base soil is either mixed with loose non-angular sand (to increase saturated hydraulic conductivity)
or conversely with loose non-dispersive soft clay (to reduce saturated hydraulic conductivity), to achieve the
desired design saturated hydraulic conductivity of required engineered soil media. The engineered soil media
should provide an organic matter contents that facilitates good plant root systems; and permeable substrata of
around 25% porosity. Designer should strive for composition of organic matter content 15% and clay content of
the mixture <25%. The recommended composition of engineered soil media for planting bed is given in Table
9.4 (CFWP & MDE, 2000). The pH of the planting soil bed should be 5.5 to 6.5.

Table 9.4: Engineered Soil Media Composition

Soil Mixture S/E?Jf:;s(ob/o};
Top Soil (Sandy/Silt loam) 20-25
Medium Sand 50-60
Organic Leaf Compost 12-20

The maximum saturated hydraulic conductivity for engineered soil media should not be higher than 200
mm/hr. This is to ensure that the engineered soil media can retain sufficient soil moisture for sustaining
vegetation growth. An appropriate saturated hydraulic conductivity is required to optimise the treatment
performance of the bioretention system given site constraints and available engineered soil media surface area.
The design infiltration rate (f;) must be one-half the infiltration rate (f.) found from soil textural analysis (f; =

0.5f).
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9.2.2.6 Sand Bed in Permeable System

In permeable systems where the underlying native soil has sufficient infiltration capacity to drain the water
from the planting soil bed, the sand bed underlies the planting soil bed and allows water to drain into the
underlying soil. The sand bed also provides additional filtration and allows for aeration of the planting soil bed.
The sand bed should be 200-300mm thick. The sand should be clean and have less than 15% silt or clay content.

9.2.2.7 Drainage Layer in a Impermeable System

In impermeable systems, a drainage layer is used to convey treated flows into the subsoil/underdrain pipes.
This layer is generally constructed using coarse sand or fine gravel (2mm to 5mm particle size). The layer
should surround the subsoil pipe and is typically 200-400mm thick.

9.2.2.8 Transition Layer in a Impermeable System

A granular transition layer that is typically 100-150mm thick or a suitable geotextile fabric should be included
between the planting soil bed and the drainage layer to prevent the filtration media from washing into the
drainage layer and the subsoil pipes. This is desirable if the drainage layer is constructed using fine gravel. The
material size differential should be approximately 10 between layers to avoid fine material being washed
through the voids of a lower layer. The addition of a transition layer increases the overall depth of the
bioretention area. This may be an important consideration for some sites and hence pipes with smaller
perforations may be preferable. The material for transition layers must be sand/coarse sand material with
typical specification given in Table 9.5.

Table 9.5: Typical Particle Size Distribution for Transition Layer
(Moreton Bay Waterways & Catchments Partnership, 2006)

Particle Size (mm) % Passing
1.4 100
1.0 80
0.7 44
0.5 8.4

9.2.2.9 Plants

Plants are an important component of a bioretention system. They remove pollutants and nutrient through
uptake. The plant species selected are designed to replicate a forested ecosystem and to survive stresses such as
frequent periods of inundation during runoff events and drying during inter-event periods. The use of native
plant species or plants harmonised to the area is recommended (Annex 1).

In addition to providing for treatment of stormwater, bioretention facilities, when properly maintained, can be
aesthetically pleasing. More often local regulations frequently require site plans to incorporate a certain
percentage of reserved open landscaped area, for incorporation of bioretention facilities. The layout of
bioretention facilities can be very flexible, and the selection of plant species can provide for a wide variety of
landscape designs. However, it is important that a landscape architect with adequate experience in designing
bioretention areas be consulted prior to construction to ensure that the plants selected can tolerate the maturing
conditions present in bioretention area.

9.2.2.10 Outlet Controls

The design flow of 3 month ARI from the catchment area will be retained in the ponding area of bioretention
system. The ponding water will then infiltrate through the filtration media and for permeable system deep
infiltrate will take place within the surrounding soil before it reached the ground water. In the case of
impermeable system, the water will be discharged through the primary outlet consists of perforated pipe
provided in the drainage layer and will be conveyed to the road reserve and/or by connection to an
underground drainage system.
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A secondary outlet should be incorporated into the design of a bioretention system to safely convey excess
stormwater higher than 3 month ARI. This includes the flow diversion structure or overflow weir to bypass
major storm discharge where applicable.

9.2.2.11 Design for Maintenance

The system design should incorporate features to reduce the long term maintenance. This include such as easy
accessibility for maintenance. Like any other BMPs, bioretention systems will need regular maintenance and
eventual rehabilitation as it degrades over a number of years (Annex 2).

9.2.2.12 Landscaping

Landscaping is critical to the function and appearance of bioretention system. It is preferred that native
vegetation is used for landscaping, where possible. Plants should be selected that can withstand the hydrologic
regime they will experience (i.e., plants must tolerate both wet and dry conditions). At the edges, which will
remain primarily dry, upland species will be the most resilient. In general, it is best to select a combination of
trees, shrubs, and herbaceous materials (Annex 1).

9.3 SIZING PROCEDURE
The sizing of a bioretention facility requires a consideration of various factors including:

e Purposes and function of the bioretention system;

e Site requirements for water quality controls;

e Design storm that is required to meet the stormwater management criteria;

e Capabilities of the bioretention system to be used for water quality controls; and

e Use of bioretention system independently of other BMP's, or to be installed along with other devices
within a treatment train.

9.3.1  Filter Bed Area
The filtering treatment criteria should be as follows:

e The entire treatment system (including pretreatment) should temporarily hold the Water Quality
Volume (WQ,) derived as runoff from 40mm (i.e., 3 month ARI) design rainfall, prior to infiltration.

e The bioretention system must conform to the accepted specification shown in Figure 9.4 and Figure 9.5.
Table 9.6 presents the physical specification and geometry of a bioretention system while Table 9.7
gives the coefficient of permeability (k) for various types of filter media.

Table 9.6: Physical Specification and Geometry

Parameter Specification
Minimum Size 3m wide by 6m long
Length and Width ratio (optional) 21
Maximum Emptying Time <24 hours
Permeability of Planting Bed >13mm/hr
Ponding Depth 150mm - 300mm
Depth to Groundwater Table (below 0.60m (min)

drainage layer)
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Table 9.7: Coefficient of Permeability (k) for Various Types of Filter Media

Media Type

k (m/day)

Sand
Peat

Leaf Compost
Bioretention Soil

1.00
0.60
2.65

>0.312

_

| 7

150-300 mm Ponding
4

50-100 mm Mulch Layer

450-1000 mm Planting Soil
Engineered Soil Media

200-300 mm Sand Bed

Figure 9.4: Specification for Permeable Bioretention System

WwWQVv

k

\JV %

150-300 mm Ponding

50-100 mm Mulch Layer

450-1000 mm Planting Soil
Engineered Soil Media

100-150 mm Transition Layer
Clean Sand

Subsoil Perforated Pipe —
Collection System

200-400 mm Drainage Layer
Fine Gravel

Figure 9.5: Specification for Impermeable Bioretention System
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The required filter bed area (Ay) is computed based on the Darcy’s Law. For those practices that are designed
with an under drain (impermeable system), the following equation is used:

T o) o)
where,
A = Surface area of filter bed (m?);
WQ, = Water quality volume (m3);
dr = Filter bed depth (m) (Figure 9.6);
k = Coefficient of permeability of filter media (m/day);
hy = Average height of water above filter bed (m); and
tr = Design filter bed drain time (day) - (1 day maximum).

For those systems that are designed without an under drain (permeable system), the area is estimated by:

__(mo,)(4) 02)
" [o0ra)(0)
where,
Af = Surface area of filter bed (m?);
WQ, = Water quality volume (m3);
dr = Filter bed depth (m);
i = Infiltration rate of underlying soils (m/day);
hy = Average height of water above filter bed (m); and
te = Design filter bed drain time (day) - (1 day maximum).

9.3.2 Maximum Infiltration Rate

In the case of impermeable bioretention system, the maximum infiltration rate through the filtration media
must be considered to allow for the subsoil drain to be sized. The capacity of the subsoil drain, when installed,
must exceed the maximum infiltration rate to ensure free draining conditions for the filter media (Figure 9.6).
The maximum infiltration rate reaching the perforated pipe at the base of the soil media is estimated applying
the equation:

hetd

Qiax kLo, % 9.3)
where,

Quax = Maximum infiltration rate (m3/s);

k = Hydraulic conductivity of the filter bed (m/s);

W, = Base width of the ponded cross section above the filter bed (m);

Ly = Base length of the bioretention zone (m);

hy¢ = Height of water above the filter bed (m); and

dr = Depth of filter media (m).

The suitability of the above formula for design purposes will need to be assessed for each individual site,
considering the influence of both the annual maximum groundwater level and infiltration capacity of
surrounding natural soils on bioretention system infiltration, particularly for permeable bioretention systems.

9.3.3  Subsoil/Underdrain Pipes

Subsoil pipes are perforated pipes placed at the base of impermeable bioretention systems to collect treated
water for conveyance downstream. These collection pipes are sized to allow free draining of the filtration layer
and prevent ‘choking’ of the system. Typically, subsoil pipes should be limited to approximately 150mm in
diameter so that the thickness of the drainage layer does not become excessive. Where the maximum infiltration
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rate is greater than the capacity of the pipe consideration should be given to using multiple pipes. To ensure the
subsoil pipes are of adequate size:

e Perforations must be adequate to pass the maximum infiltration rate into the pipe;
e The pipe itself must have adequate hydraulic capacity to convey the required design flow; and
e The material in the drainage layer must not be washed into the perforated pipes.

PLAN
Surface Area of Filter
Bed A with h;
Maximum of
Ponding Depth A
ﬁ Inflow Pretreated
by Swale
Outlet T
jb
Subsoil Pipe —
Collection System
A
Ly
SECTION A-A

AV | \RVAYZ
% reeboard z WQV %

::?:2:?:?:%}?:?:::2: ::::}E: Organic Mulch

i

=
TR

:‘T Engineered Soil Media
& (Planting Soil)
]

I
Sand Layer
(Transition Layer)

Fine Gravel

Perforated — <] (Drainage Layer)

PVC Pipe

Figure 9.6 Hydraulic Variables for Subsoil Drainage

Bioretention Systems NOT FOR SALE 9-11



NOT FOR SALE
MSMA 2nd Edition. 2012 | DID Malaysia

These requirements can be assessed using the Equation 9.4 and 9.5, or alternatively using manufacturers’
design charts. To estimate the capacity of flows through the perforations, orifice flow conditions are assumed
and a sharp edged orifice equation can be used. The number and size of perforations need to be determined
(typically from manufacturers’ specifications) and used to estimate the total flow rate into the pipe. It is
conservative but reasonable to use a blockage factor to account for partial blockage of the perforations by the
drainage layer media. Flow per perforation is therefore estimated by:

0 _C.AJ2gh

perf ©4)
where,
Quer = Flow per perforation (m3/s);
A = Total area of orifice (m?);
h = Maximum head of water above the pipe (m) (filtration media depth plus
ponding depth);
C = Qrifice coefficient;
gy = Blockage factor (¥ = 2 is recommended); and
g = Gravity constant (9.81 m?/s).
For circular perforated pipes flowing full, using Manning Equation the flow in pipe (Qpip) is given by:
= (0312 2.67 c0.5
Qpipe™ (T) D=5, (9.5)
where,
n = Manning Coefficient;
D = Pipe diameter (m); and

S, =Slope of hydraulic grade line (m/m).

The composition of the drainage layer should be considered when selecting the perforated pipe system, as the
slot sizes in the pipes may determine a minimum size of drainage layer particle size. Coarser material (e.g. fine
gravel) should be used if the slot sizes are large enough that sand will be washed into the slots.

9.3.4  Outlet Structure

The excess flow of the ponding area of bioretention system, which is greater than design flow, will be conveyed
to downstream drainage system via overflow pit and subsequently by the road reserve and/or by connection to
an underground drainage system. To size a grated overflow pit, two checks should be made for either drowned
or free flowing conditions:

e The broad crested weir equation to determine the length of weir required (assuming free conditions); and
o The orifice equation to estimate the area of opening required (assuming drowned outlet conditions).

The larger of the two pit configurations should then be adopted for design purposes. The weir flow equation
for free overfall conditions is:

Qo= C-LH2 9.6)
where,

Qoo = Overflow (weir) discharge (m3/s);

C =1.7,

H = Head above weir crest (m); and

L = Length of weir crest (m).

Once the length of weir is calculated, a standard sized pit can be selected with a perimeter at least the same
length of the required weir length. It is considered likely that standard pit sizes will accommodate flows for
most situations. The orifice flow equation for drowned outlet conditions is:
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Qoﬂow= C.Ay2gh 9.7)
where,

Qotow = Overflow (orifice) discharge (m3/s);

C =0.6;

h = Available head above weir crest (m);

A = Orifice area (m?); and

g = Gravity constant (9.81m?/s).

9.3.5  Scour Velocity of Inflows

It is recommended where possible, the overflow pit or bypass channel should be located near the inflow zone to
prevent high flows from passing over the surface of the filter media. If this is not possible, then velocities
during the minor storms (2-10 year ARI) and major storms (50-100 year ARI) should be maintained sufficiently
low (preferably below values of 0.5m/s and not more than 1.5m/s for major storm) to avoid scouring of the
filter media and vegetation.

Scour velocities over the vegetation in the bioretention basin are determined by assuming the system flows at a
depth equal to the maximum ponding depth across the full width of the system. By dividing the minor and
major storm design flow rates by this cross sectional flow area, an estimate of flow velocity can be made. It is a
conservative approach to assume that all flows pass through the bioretention basin (particularly for a major
storm), however, this will ensure the integrity of the vegetation.

If the inlet to the bioretention basin controls the maximum inflow to the basin then it is appropriate to use this
maximum inflow to check velocities. In this case, velocities should be maintained below 0.5m/s.

9.3.6 Inlet Structure

Erosion protection should be provided for concentrated inflows to a bioretention system. Flows will enter the
system from either surface flow system or a piped drainage system. Rock beaching is a simple method for
dissipating the energy of concentrated inflow. The use of impact type energy dissipation may be required to
prevent scour of the filter media.

This can be achieved with rock protection and by placing several large rocks in the in the flow path to reduce
velocities and spread flow as shown in Figure 9.7 (Moreton Bay Waterways & Catchment Partnership, 2006).
The detailing of the inlet structure is based on the hydraulic diameter, DH which is given as follows:

DH= = 9.8)
where,

A = Cross-section area; and
P = Wetted Perimeter.

For Trapezoidal channel the hydraulic diameter is

4H(mH+BW)

DH = 2Z2TorY
BWH+2Hy/1+m?

(9.9
where,
1:m (V:H) = Side slope;

BW = Bottom width (m) ; and
H = Depth (m).
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PLAN

150mm Rock Spalls Rolled into
Aggregate Sub-base Underlain
by Geofabric

SECTION A-A Voids to be Planted with
Rush/Reed Species (Subject to
Lanscape Design)

‘*‘Dwf 7T
DH)QDH DH £

1
03DH ! | 5D

4DH

E—

Figure 9.7: Typical Inlet Scour Protection Detail

9.4 DESIGN STEPS
Step 1: Site Evaluation

Make a preliminary judgment as to whether site conditions are appropriate for the use of a bioretention system,
and identify the function of the practice in the overall BMPs treatment system. Consider these basic parameters
in the site evaluation:

* Drainage area;

* Topography and slopes;

* Soil infiltration capacity (Chapter 8);
* Depth to ground water and bedrock;
* Location/minimum setbacks.

Determine how the bioretention system will fit into the overall stormwater treatment train system and decide
whether bioretention is the only BMP to be employed, or if are there other BMPs addressing some of the
treatment requirements. Decide on the site where the bioretention system is most likely to be located.

Step 2: Field Verification of Site Suitability

If the initial evaluation indicates that a bioretention system would be a good BMP choice for the site, it is
recommended that soil borings or pits be carried out (in the same location as the proposed bioretention system)
to verify soil types and infiltration capacity characteristics and to determine the depth to groundwater and
bedrock. The number of soil borings should be selected as needed to determine local soil conditions. It is
recommended that the minimum depth of the soil borings or pits be 1.5m below the bottom elevation of the
proposed bioretention system.
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It is recommended that soil profile descriptions be recorded and include the following information for each soil
horizon or layer:

e Thickness;

e Feature colour; abundance; size and contrast;

e USDA soil textural class (Chapter 8);

e Soil structure, grade size and shape;

e Soil consistency; root abundance and size;

e Soil boundary; and

e  Occurrence of saturated soil; impermeable layers/lenses; ground water; bedrock or disturbed soil.

Step 3: Estimating Design Flow

Calculate the design stormwater volume to be treated through bioretention system. If part of the overall design
stormwater volume is to be treated by other BMPs, subtract that portion from the total design volume to
determine the part of the design volume to be treated by the bioretention system. The design techniques
adopted are meant to maximize the volume of stormwater being infiltrated. If the site layout and underlying
soil conditions permit, a design water quality volume derived from 40mm of rainfall depth (i.e. 3 month ARI)
may be adopted.

Step 4: Inlet Structure

The flows may enter the system either through subsurface pipe, open channel/swale or as surface sheet flow
contributed from an upstream catchment area. Scour protection such as light riprap with 6 to 12mm D50 is
recommended to be used at the inlet into the system, to reduce localised inflow velocities. The flow should be
non-erosive to the basin with velocity below 0.5m/s.

Bioretention system which receives flows from larger catchment may require an impact type energy dissipator
that can be achieved with rock protection and by placing several large rocks in the flow path to reduce the
velocities and spread the flows.

Step 5: Select the Bioretention Type

The selection of design variant shall be based on the location of naturally occurring permeable soils, the depth
to the water table, bedrock or other impermeable layers, and the contributing drainage area. The bottom of a
bioretention system must have a minimum 0.6m height above the local water table. While the initial step in
sizing a bioretention system is selecting the type of design variant for the site, the basic design procedures for
each type of bioretention system are similar.

Information collected during the field verification of site suitability (Step 2) should be used to explore the
potential for multiple bioretention systems application or in integration with other stormwater BMPs in a
treatment train.

Step 6: Determine Site Infiltration Rates (Saturated Hydraulic Conductivity)

If the infiltration rate is not measured, select the design infiltration rate from Table 9.3 based on the least
permeable soil horizon within the first 1.5m below the bottom elevation of the proposed bioretention system.
The infiltration capacity of natural basins is inheritably different from constructed systems.

In the event that a natural depression is proposed to be used as a bioretention system, the designer must assess
the followings: the infiltration capacity of the soil under existing conditions (mm/hr), the existing drawdown
time for water at the maximum basin water level and the natural overflow elevation. The designer should also
demonstrate that the operation of the natural depression under post-development conditions mimics the
hydrology of the system under pre-development conditions.
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If the infiltration rates are to be measured, the tests shall be conducted at the proposed bottom elevation of the
bioretention system. If the infiltration rate is measured with a double-ring infiltrometer the requirements of
standard practice should be used for the field test.

Step 7: Determine the Size of Bioretention Area

The size of bioretention area is determined using Darcy’s equation (Equation 9.1 for impermeable system and
Equation 9.2 for permeable system). The corresponding equation is applied depending on whether the system
is impermeable or permeable. The composition of filter media is designed to achieve a minimum coefficient of
permeability of 13mm/hr.

Step 8: Sizing of Perforated Collection Pipes

The inlet capacity of the underdrain system (perforated pipe) is estimated by assuming that 50% of the holes are
blocked. To estimate the flow rate, an orifice equation is applied using the identified parameters for optimum
performance. The Manning equation is applied to estimate the flow rate in the perforated pipe. The capacity of
this pipe needs to exceed the maximum infiltration rate.

Step 9: Determine the Size of Outlet Structure

It is required that a secondary outlet or spillway be incorporated into the design of a bioretention system to
safely convey excess stormwater. This includes the flow diversion structure to bypass major storm where
applicable.

Step 10: Landscaping Design

The performance of the bioretention system is dependent on the selection of plant species. Native plant species
should be considered for stormwater treatment and optimum maintenance (Annex 1).
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APPENDIX 9.A EXAMPLE - IMPERMEABLE BIORETENTION SYSTEM
Problem:

An industrial area located in Bukit Tengah, Seberang Perai Tengah, Pulau Pinang, has been adopted for the
warehouse development with lot area of 1 ha (100m x 100m), floor area 60m x 60m and parking area 60m x
20m. The stormwater runoff from the impervious areas will be directed to the vegetated filter strip around the
perimeter of the building and parking areas. The distributed stormwater runoff from vegetated filter strip will
be collected in the grassed swale to be conveyed downstream of the lot area and treated by a bioretention
facility of impermeable type. For such runoff quality treatment an appropriate sizing of the facility is required.

a) Site Plan

60m Warehouse

Lot Boundary —=|

100m
Proposed —<I> - 4':
BMP Site Car Park & Access Road
|
==
Discharge Outfall Public Drai>n77

b) Warehouse and Drainage Layout

Figure 9.A1: Development Site
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Solution:

Reference

Calculation

Output

Figure 9.A1

Equation 2.2

Table 2.B2

Equation 2.2

Table 2.6

Table 2.6

Design Rainfall Duration

Development Project Area

Catchment area, A
The time of flow in the channel (t4) is derived based on the velocity (V)
and length (L) of flow in the swale.

Given that:
Velocity, V

Length, L =
Then, t;=L/V =175/0.25 =

Assume the overland flow time (t,) is 5 minutes
Then, the time of concentration, t. = t, + t;=5 + 12

Design Rainfall Intensity

T
A r oy

Where,

i = Rainfall Intensity (mm/hr)

T = Average Recurrence Interval (year)

d = Storm Duration (hr)

A K 6, = Coefficients

Given that,

Average Recurrence Interval, T =
Storm Duration, D =
A=52771,x=0.203,0 =0.095 & n = 0.717

Then,

52.771x5%20%
(0.283+0.095)"7"7

Water Quality Volume

The water quality volume is estimated based on 40 mm of 3 month ARI
rainfall.

Permeable area: Open spaces grass cover with runoff coefficient value, C =

Impermeable area: Impervious roofs, concrete and roads with runoff
coefficient value, C =

1.0ha

0.25m/s
175m
11.7min
12min

17min

S5yr
17min

146.88mm/hr

0.40

0.95
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Reference Calculation Output
Landuse C P (mm) A (m?) WQ, (md)
Permeable 0.40 40 5200 83.2
Impermeable | 0.95 40 4800 182.4
The water quality volume, WQv = |265.6m?
Soil Mixture of Planting Bed
Specification of Planting Bed:
Depth = |750mm
Porosity = 125%
Maximum Clay Content =15%
Coefficient of Permeability, k = |26mm/hr
= 10.624m/day
Recommended composition of planting bed is specified in Table 9.4.
Surface Area of Filter Bed
Given that: . = [265.6m3
Water Quality Volume, WQ, = 0.75m
Planting Bed Depth, df o = 0312]3'1/ day
Saturated Hydraulic Conductivity, k = 0.5x0.624m/day = 03m
Average height of Water above Filter Bed, I = |1.0day
Design Filter Bed Drain Time, ¢
The surface area of filter bed for impermeable system is given as:
. (265.6)(0.75)
Equation9.1 |A= = 1608.1m?
AHATOR = 7 0312)(03+0.75) (1.0) o
Maximum Infiltration Rate
Given that,
Saturated Hydraulic Conductivity, k = |7.222x10*m/s
Base Width of the Ponded Cross Section above the Filter Bed, W, = (15.00m
Base Length of the Bioretention Zone, Ly = |41.00m
Average height of water above the filter bed, hy = 10.30m
Depth of Planting Bed, dy = 10.75m
Therefore, the maximum infiltration rate reaching the perforated pipe at
the base of the soil media is given as:
B e 0.30 +0.75
Equation 9.3 |@max = (7.222 X 107°)41 x 15 <—0,75 ) = 1622 x 10°m?/s
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Reference Calculation Output
Sub-Soil Pipe
The impermeable bioretention system employs a UPVC perforated sub-
soil pipe to convey the stormwater runoff to the downstream
conveyance.
Given that,
Diameter of Perforated Pipe = |1100mm
Diameter of Perforations = |5mm
Spacing of Perforations = |25mmc/c
Circumference of Perforated Pipe = (314.2mm
Number of Rows (of Perforations) =314.2/25 = |12.57
Number of Column (of Perforation/m) =1000/25 = 140.00
Number of Perforations =12.57 % 40.00 = (502.72
Number of Perforations (assume 50% blockage) = 502.72/2 = |251.36
Area of each Perforation = 19.63mm?
And so,
Total Area of the Orifices, A =19.63 x 251.36 x 106 = 0.0049m?2
Maximum Head of Water above the Pipe (m) (filtration media depth
plus ponding depth), i = (1.4m
Orrifice Coefficient, C =10.60
Blockage Factor (¥ = 2 is recommended), ¥ =12.00
Gravity Constant, g =19.81m?/s
Note that, the maximum head of water above the pipe (h) is given as: 300
mm (ponding depth) + 100 mm (mulch layer) + 750 mm (planting bed) +
100 mm (transition layer) + 100 mm (part of drainage layer above the
pipe) + 50 mm (radius of perforated pipe) = 1400 mm
The flow per perforation is given as:
Equation 941 60 x19.63x251.36x10° V2x981x14 _ |0.0078m3/s/m
perf 2.0
Inlet capacity per meter X total length: 0.0078 x 41 = 0.318 m3/s > 0.0062
m3/s (maximum infiltration). Hence, a single pipe of 100 mm diameter is
sufficient to pass the flow into the perforation.
The Manning equation can then be applied to estimate the flow rate in
the perforated pipe.
Given that,
Table 2.3 )
Manning Roughness, n = 0.01
Diameter of the Perforated Pipe, D = 10.1m
Slope HGL, S, = 10.0lm/m
The flow rate in the perforated pipe is given as:
Equation 9.5 - (0-312) 2670 1105 = 10.0067m3/s
e~ 001 0.17>70.01
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Reference Calculation Output

This is higher than the maximum infiltration capacity; hence the single
100 mm diameter perforated pipe is adequate for the bioretention
system.
Estimation of Peak Discharge
The computation of peak flow for 5 year ARl is tabulated below.

Landuse C I (mm/hr) A (m?) Qd/s)

Permeable 0.40 146.88 5200 84.9

Impermeable | 0.95 146.88 4800 186.1
The peak flow for 5 year ARI contributed from the permeable and
impermeable areas is estimated to be 271 1/s.
Size of Overflow Sump
Sizing an overflow structure to convey stormwater in the basin in excess
of the 300 mm ponding depth from the bioretention system to the
downstream conveyance.
The broad crested weir equation (Equation 9.6) is initially used to
determine the length of weir required by assuming free overfall
conditions.
Given that,
Overflow (weir) discharge, Qs = (0.271m3/s
Flow Coefficient, C = (1.7
Head above weir crest, H = (0.15m
The length of weir crest is computed as,

. 0.271 =12.74m
Equation9.6 |L = ———— .
dquation L 1.7 x 0.15%5
The required length of weir crest, L is equal to 2.74 m, which can be
provided by 785 mm x 785 mm square overflow sump.
Secondly, checking for drowned outlet conditions using orifice equation
(Equation 9.7):
Given that,
= 3
Overflow (Orifice) Discharge, Qs _ 0.271m?/s
. =10.6

Flow Coefficient, C =1015m
Head above Weir Crest, h - 9'81m2 /s
Gravity Constant, g ’
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Reference

Calculation

Output

Equation 9.7

Equation 9.9

The area of orifice is given as,

Ao 0.271 -
T 0.6xV2x981x0.15

The discharge area required is A = 0.263 m?, which can be provided by
515 mm x 515 mm overflow sump. Hence, the free overfall conditions
dominate the overflow design. A pit size of 785 x 785 mm is adopted.
The size of the overflow sump needs also to consider an allowance for
the grate bars, which will reduce the available perimeter and area.

Details of the Inlet Structure

Used the typical trapezoidal swale for design flow 5 year ARI as follows:

Bottom Width, BW =
Depth of the Swale, H
Side Slope of 1:3 (V:H), m

Then,

Cross-section Area, A =
Wetted Perimeter, P =

Hence,

Hydraulic Diameter, DH =

0.263m?

500mm
300mm

0.42m?2
2.40m

700mm

9-24

NOT FOR SALE

Bioretention Systems



NOT FOR SALE

MSMA 27 Edition. 2012 | DID Malaysia

PLAN

SECTION A-A

Discharge to Downstream
Conveyance

SECTION B-B

T

— Subsoil Pipe
) Collection System (Perforated PVC)
Inflow vi.
Swale
Riprap —
Inflow via
Swale
/
B ol B
L Y j 41m
by Inflow via
Nl Swale
Bioretention System BN
L _
Outlet
L15m4J
A o
—100mm Dia.Perforated R0,
Overflow Pit PVC Pipe = o0
(785mm x 785mm) . ©
Inflow via
WQV Swale‘

NI/ENI/ENI/ENI7EN/ENI/ENI7EN
NN NN NN\

&W 0.7m

1 |

1

Soil Media
Drainage Layer

A

Mulch L Transition Layer
Orifice @ 5mm

41m

WwWQV %

750mm
1250mm
100mm ‘
2ese e
300mm % [wz

Ponding Depth

1 Organic Mulch

Engineered Soil Media
(Planting Soil)

| Sand Layer

(Transition Layer)

% Fine Gravel

(Drainage Layer)

| 100mm Dia. Perforated

PVC Pipe
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10.1 INTRODUCTION

This Chapter presents design procedures for gross pollutant traps (GPTs) which are installed to remove litter,
debris, coarse sediment and hydrocarbon from stormwater. They may be used as pre-treatment BMPs for flow
into a pond or wetlands or to remove coarse sediment before the flow enters infiltration devices. Most GPTs
will provide some reduction in other associated pollutants that are attached to the trapped sediments for
subsequent removal.

10.2 TYPES AND APPLICATION

There are a wide range of devices used for the trapping of gross solids. Selection of suitable devices depends
on many factors including catchment size, incoming pollutant load, type of drainage system and whole life
cost. Table 10.1 provides three main types of GPTs for practice, each with its function, suitable catchment areas
and installation option. Figure 10.1 presents typical configuration of built GPTs Type 1, 2 and 3 assets.

Table 10.1: GPTs Types and Application

Class Function Catchment Area Installation
Typel - Floating Debris Litter capture on > 200 ha Proprietary and purposely
Traps permanent waterbodies built
- Trash Racks & Litter capture on 2-40ha Purposely built from
Litter Control drainage conveyance modular components
Devices
Type2 - Sediment Basin Sediment and litter 5-200 ha Purposely built
and Trash Rack capture on drainage
(SBTR) Traps conveyance
Type3 - Oil and Grease Oil, grease and sediment <40 ha Purposely built and
Interceptor capture on drainage Proprietary
conveyance

c) SBTR Traps - Type 2 d) Oil and Grease Interceptor - Type 3

Figure 10.1: Typical GPTs Types
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10.2.1 Floating Debris Traps

Floating debris traps or booms should be a main component of GPTs Type 1. They are installed primarily on
streams, slow moving main drainage and pond inlets where there is permanent water body. Booms are only
effective as a control measure for floatable pollutants under certain conditions. The requirements for a suitable
site include the followings (Willing & Partners, 1989):

e Favourable currents;

e Location relative to major sources, such as tributary stormwater drains;
e Availability of access for maintenance;

e  Ability to handle the effects of water level changes; and

e Suitable locations for attachment and anchorage.

Booms are generally not effective unless there is a steady current to force trapped material into the boom. Tidal
flow reversals or strong adverse winds may disperse the trapped material, rendering the boom ineffective.
They are also not effective when the current velocities are high and turbulent.

Installation of the boom will mainly be governed by site conditions. Sufficient slack must be provided to allow
the boom level to rise and fall with water level variations, such in tidal and flooding conditions.

The pollutant materials collected in urban areas are potentially offensive, hazardous or infectious wastes
including discarded syringes which necessitate arrangements for mechanical cleaning. Decision to install a
boom or a trash rack is governed by a number of factors including (Nielsen and Carleton, 1989):

e Trash types - Booms were found to be effective in retaining floating and partially submerged objects; and

e Hydraulic - The trash retaining performance of booms decreases at higher flows because trash is forced
under and over them. The minimum flow velocity at which trash escapes by being forced underneath a
boom depends largely on the shape and weight of the boom and has been observed to be as low as 1m/s.

10.2.2 Trash Racks and Litter Control Devices

Trash racks is another component of GPTs Type 1. Trash racks range from relatively small screens installed at
the outlets of stormwater pipes to large steel trash racks on main drains and open channels and more recently
"soft" trash racks (litter control devices) that are installed in open channels and at the outlets of piped drains.
The consideration of implementing either a boom or trash rack depends on the characteristic of the floating
debris and the site suitability.

The preferred trash rack arrangement, suggested by a number of researchers, is that a trash rack with
horizontal bars set at an angle to the flow should be self-cleansing, since the flow would push debris towards
the sides of the rack. The effectiveness of such an approach would appear to depend on the shape and surface
finish of the bars and their angle relative to the flow.

The litter control devices collect litter, as do trash racks. This "soft" trash rack are a series of nylon mesh "socks"
which are attached to a rectangular metal frame that is mounted vertically and perpendicular to the flow. The
socks are cleaned by removing each sock in turn, undoing the tie at the base of the sock and dumping the
collected material into a truck. The base of the sock is then re-tied and it is slotted back into place. Due to the
effectiveness of the socks it has been found that during periods of rainfall the soft trash racks may need to be
cleaned every two to three days. These types of devices require a high maintenance and on-going cost. If not
maintained, the upstream storm flow capacity is greatly compromised.

10.2.3 Sedimentation Basin and Trash Rack

Sedimentation basin functions by providing an enlarged waterway area and/or reduced hydraulic gradient to
reduce flow velocities and allow bedload sediment to be trapped and suspended sediments to settle out of
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suspension. They do not provide litter removal. In urban areas, the presence of litter makes it preferable to
build a Sedimentation Basin and Trash Rack (SBTR) type GPTs.

SBTR traps, GPTs Type 2, combine the functions of a sedimentation basin and a fixed trash rack. The trap is a
major basin designed to intercept litter, debris and coarse sediment during storm flows and to act as an efficient
retarding basin. This trap draws on the experience of sedimentation basins with incorporation of additional
features to intercept trash and debris.

Major SBTR traps are typically located in trunk drainage channels and engineered waterways to intercept
medium to high stormwater flows from large urban catchments. They are visually unattractive and generally
should be placed away from residential areas. Indicative arrangement of major SBTR traps is shown in Figure
10.2.

Minor SBTR traps, covered in-ground, are used at the downstream end of pipe or open drains. They are less
visually intrusive and hence are more suitable for residential areas. Due to the cost of the structure they are
usually smaller in size and are only suitable for treating small catchment areas. Typical arrangement of minor
SBTR traps is illustrated in Figure 10.3.
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‘ ‘ ‘ M Sediment Drying Area
Concrete Concrete
Access Ramp Access Ramp
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- Inlet
Outlet Min 4.0m Min 6.0m ‘ a Waterway
Waterway — — -— LA
| |
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- 7}74{777
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}% gl S Baseflow
Stone Pitching Diversion Pipe
SECTION A-A

Trash Rack
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& T

Wall — =&

Sediment Trap

Figure 10.2: A Typical Major SBTR Trap Arrangement

Gross Pollutant Traps NOT FOR SALE 10-3



NOT FOR SALE
MSMA 2nd Edition. 2012 | DID Malaysia

4

PLAN
% / Paved Access Road
£
& Flow
== \Inlet Pipe
_ Flow 7 \ Y

Trash Rack (under Covers)

Concrete Low Flow Invert ¥~ Removeable Covers

SECTION A-A

T, B

Outlet

Figure 10.3 : A Typical Minor SBTR Trap Arrangement

10.2.4 Oil and Grease Interceptor

Oil and grease interceptor (OGI), GPTs Type 3, is intended to separate out oil and other hydrocarbons, grit, and
coarse sediments from runoff. They are often used to pretreat runoff from parking lots and other impervious
surfaces before it enters stormwater system. Because of the short runoff retention time, they are effective only in
reducing the amounts of coarse-grained sediments, debris, oil and grease present in runoff. They must be
cleaned out frequently, as needed, to remove collected grit and pollutants for disposal.

Schematic diagrams of typical three-chamber OGI are shown in Figure 10.4. Runoff enters the first chamber
through a storm drain pipe or curb inlet, passes through screened orifice opening/baffle to the second chamber,
then passes through another baffle or an inverted pipe elbow to the third chamber. Flow exits the third
chamber through a storm drain outlet pipe.

The first chamber is used to trap floatable debris and settle coarse particles such as sediment. The second
chamber is used to separate out oil, grease and other hydrocarbons that float to the water surface while the
runoff is withdrawn from the opening of the baffle or elbow. The floating hydrocarbons remain in this chamber
until removed at clean-out or adsorbed by sediment and settled out. The third chamber will have a permanent
pool if the outlet pipe is elevated above the floor. Additional sediment may settle out in this chamber. An
overflow opening is included in each chamber for large stormwater flows to bypass the orifice openings
between chambers. Clean-out access is available through manhole openings.
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Figure 10.4: Typical Oil and Grease Interceptors Arrangement

OGIs are applicable to situations where the concentration of oil and grease related compounds will be
abnormally high and source control cannot provide effective removal. The general types of activity where this
situation is likely are truck, car and equipment maintenance and washing business, as well as a business that
performs maintenance on its own equipment and vehicles. Public facilities where OGIs may be required
include marine ports, airfields, fleet vehicle maintenance and washing facilities and mass transit park-and ride
lots. Conventional OGlIs are capable of removing oil droplets with diameters equal to or greater than 150
microns.

10.3 GENERAL DESIGN CONSIDERATIONS

Design of GPTs requires information on the hydrology and hydraulics of the drainage system. For each GPT,
considered as part of a "treatment train", a primary treatment objective or performance criteria related to a
specific pollutant shall be defined. This is the target pollutant that is to be reduced to a recommended level.
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10.3.1 Hydrology and Hydraulics

Peak inflows shall be computed using the Rational Method or Rational Hydrograph Method. Normally these
calculations will be done as part of the hydraulic design of the drainage system. More important for GPT
design is the magnitude of sediment and other pollutant loads that will determine the frequency of cleaning.

The pollutant reduction performance must be maintained up to the design discharge. If design flows are
exceeded, the GPT should not allow any significant re-mobilisation of trapped material. The GPT must be
designed so as to prevent any additional surcharge in the stormwater system in the event of partial or complete
blockage. Tidal influence and backwater effects must be considered.

10.3.2 Ease of Maintenance

Problems with maintenance can be partly overcome by appropriate design. Considerations should be
addressed during the preliminary design stage of a GPT. This includes adequate provision of road access to the
site for maintenance vehicles and equipments. Suitable walkways, ladders, manholes and plinths shall be
provided within the structure for access.

10.3.4 Health and Safety
Open GPTs can present a safety hazard from the followings:

e Raised structures that children can fall off and sudden drops into deep water; and
¢ Sudden changes in flow velocities or water levels.

Therefore GPTs should be fully fenced off, if possible. Such fencing should be designed so that it does not
interfere with the hydraulics of the flow structure.

Provision shall be made to minimise mosquito hazard as follows:

o Keeping the sediment trap wet with a low or trickle flow; and or

o Using biodegradable slow release larvicides (note: full environmental impact assessment of the larvicide
would be needed prior to the adoption of this alternative).

10.4 DESIGN OF SEDIMENT BASIN AND TRASH RACK

The major SBTR traps are designed as open traps on large open drains or engineered waterways where they
are installed at or below ground level and serve the catchment area in the range of 5 to 200 ha. Whereas, the
minor SBTR trap is enclosed and installed below ground with contributing catchment area of less than 5 ha.
SBTR traps permit coarse sediment to settle to the bottom by decreasing the stormwater flow velocity through
increased width and/or depth of the drain.

The trash rack is intended to collect floating and submerged debris. Experience has shown that it should be
located at the downstream end of the sediment basin compartment.

10.4.1 Design Standard

The SBTR type GPTs should be designed to retain all sediments, litter and debris based on the water quality
design storm of 3 month ARI that has been described in Chapter 3 and to comply with the size requirements of
Design Chart 10.A1 in Appendix 10.A.

Traps designed according to these criteria are expected to remove, on an annual average basis, 70% of the
sediment with a grain size > 0.04mm. This sizing criterion may not be attainable in the case of very fine-grained
soils (silts and clays).
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10.4.2 Design Parameters

The SBTR trap relies on reducing the flow velocity sufficiently to allow settling by gravity. These principles
apply to both major SBTR and minor SBTR traps. The design parameters are given below:

The ratio of length: width of the sediment basin should be between 2 and 3;
Velocity through the sediment basin should not exceed 1.0m/s, to minimise re-suspension;

For a sediment trap volume greater than 5m3, a sediment drying area with a minimum area equal to 1.5m?
for each m3 of trap volume shall be provided, where sediment may be dried prior to transportation. The
drying area shall be surfaced with 300mm of compacted gravel or other approved surfacing;

Trash rack shall have maximum bar spacing 50mm to retain a small plastic bottle or an aluminium drink
can;

Trash racks shall be sized to operate effectively whilst passing the design flow without overtopping and
with 50% blockage;

Trash racks shall be structurally stable when overtopped by flood events up to the major design storm
when fully blocked. Trash racks and their supporting structures shall be designed to withstand impact of a
large floating object together with its drag loads or debris loads (100% blocked);

The design must allow water to flow past or over the trash rack when the trash rack is blocked; and

Vehicular access must be provided for maintenance.

10.4.3 Sizing Steps

The efficiency of the trap will vary with soil type and adjustment factors for different soils are given in Design
Chart 10.A2 in Appendix 10.A The chart shows typical soil gradations and the relevant adjustment factors F;
and F».

Sizing for SBTR trap involves the steps set out below:

Step 1: Determine the required removal efficiency of coarse sediment > 0.04mm diameter, Po.o4-.

Step 2: Determine the catchment area A. (m?) served by the sediment trap and the applicable degree of

urbanisation [U] within that catchment. Allow for future catchment development, if appropriate.

Step 3: Select an initial trial trap area ratio R:

A
R=-L (10.1)
A

c

where,

A= Area of trap (m?); and
A.= Area of catchment (m?).

Step 4: Find Py for the reference soil and degree of urbanisation [U] from the appropriate Design Chart 10.A1

and Factor F; from Design Chart 10.A2. Calculate the actual trap removal efficiency for the site soil:

Poogr =FooaxF (10.2)

where,
Fi= Factor from Design Chart 10.A2.

Adjust R if necessary by trial and error to obtain the required performance.
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Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Select the length L; (m) and width W; (m) of the sediment trap to give the required area A; such that the
length to width ratio is between 2 and 3, and the width is not less than 2m.

Determine the average annual TSS load L (tonnes) using Equation 3.2 then estimate sediment load, M
(tonnes) with grain size = 0.01mm.

Determine the average annual percentage retention Poo; of sediment > 0.01lmm for the reference soil
from the applicable Curve B in Design Chart 10.A1 for the selected trap area ratio (A:/A,). Then
determine the adjusted average annual percentage retention Pyo;+ of sediment > 0.0lmm from the
equation:

Pyorr =Bpor xF, (10.3)

where,
F,=Factor from Design Chart 10.A2.

The required sediment trap volume is a function of the average frequency of cleaning. Assuming that
the trap is cleaned two times per year and that it is half full when cleaned, the required depth D, is
given by:

D, =0.0065xP,,. x M / A, (10.4)

where,
D., = Depth of the sediment trap below trash rack (m); and
M = Annual sediment load (tonnes).

This relationship is based on a sediment density of 2.65 tonnes/m? and a sediment porosity of 0.42.

Determine the design flow in the water quality design storm of 3 months ARI, Qo.s.

Step 10: Determine the trash rack height, based on the rack not being overtopped in the water quality design

storm when the rack is 50% blocked.

The presence of a downstream hydraulic control can lead to the downstream submergence of the trash
rack and an increase in the pool level upstream of the trash rack. Under these conditions the trash rack
height should be sized by a hydraulic analysis of the site and the trash rack. The sizing method for a
standard vertical-bar trash rack is presented herein (Willing & Partners, 1992).

Under unsubmerged conditions, the required height of the trash rack [H,] is twice the depth at critical
flow [y.] through the unblocked trash rack.

H, =2y,

_ Q(szjus (10.5)
gL’
where,
H, =Required height of trash rack (m);
Qo.25= The design flow (m3/s), of 3 month AR
g = Gravitational acceleration, 9.8m/s?; and
L. = The effective length of flow through an unblocked trash rack (m).

Using a standard design of vertical 10mm galvanised flat steel bars at 60 mm centres and a coefficient
[C.] of 0.8 to account for contraction of flow through the trash rack, gives:

10-8
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Step 11:

10.4.4

(a)

2/3
H, =1.22(QL0~25J (10.6)

r

where,
L, = Actual length of the trash rack (m)

Adjust the sediment trap dimensions to ensure that the velocity through the sediment trap when it is
full does not exceed 1.0m/s in the water quality design storm, to minimise the re-entrainment of
deposited sediment.

Determine the nominal design flow velocity Vo2sin the water quality design storm using,

Voos =28 (10.7)

in which W; is the width of the sediment trap, normal to the direction of flow. Increase the dimensions
of the sediment trap pool or increase the track rack height if the resulting velocity is greater than
1.0m/s.

An additional step is necessary for covered (minor SBTR traps) to minimise the potential for upstream
surcharge. Provide a minimum overflow clearance ab