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Section 1
Under the Active, Beautiful, Clean Waters 

(ABC Waters) Programme, an initative by PUB, 

Singapore’s national water agency, the country 

has embarked on a journey to transform into a 

City of Gardens and Water.

 

The results are beginning to show as more 

and more developments have embraced the 

programme. The nation’s vision of having 

sparkling rivers with landscaped banks, kayakers 

paddling leisurely in the streams with clean 

waterways flowing into the picturesque lakes is 

fast becoming a reality.
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Introduction

Driven by the vision of sparkling rivers with landscaped 
banks, kayakers paddling leisurely in the streams with 
clean waterways flowing into the picturesque lakes, 
Singapore has undertaken the challenge of transforming 
into a City of Gardens and Water. 

Over the years, Singapore has gradually developed 
a pervasive network of waterways and reservoirs to 
overcome its water challenges. Two-thirds of the nation 
now functions as local catchment areas collecting 
and storing rainwater in 17 reservoirs, 32 major rivers 
and more than 7000km of canals and drains for our 

water supply. To realise the full potential of this water 
infrastructure, PUB has launched the Active, Beautiful, 
Clean Waters (ABC Waters) Programme in 2006. It is a 
strategic initiative to improve the quality of water and life 
by harnessing the full potential of our waterbodies.     
 
By integrating the drains, canals and reservoirs with 
the surrounding environment in a holistic way, the 
ABC Waters Programme aims to create beautiful and 
clean streams, rivers, and lakes with postcard-pretty 
community spaces for all to enjoy.

Fig. 1.1 Blue Map of Singapore.

1.1 Developing a City of Gardens and Water
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Introduction

ii) Promoting Adoption of   
 the ABC Waters Concept
 The ABC Waters Concept encapsulates Singapore’s 

ideology of harnessing the full potential of our 
waters and integrating them into our environment 
and lifestyles. We are beginning to see the benefits 
of this concept through cleaner waterways and 
waterbodies as public agencies and the private 
sector start to adopt ABC Waters design features 
in their developments. These features are natural 
systems which detain and treat stormwater on site 
before allowing the water to naturally flow into our 
waterways and reservoirs. At the same time, they 
enhance biodiversity and the living environment. 

 The ABC Waters Design Guidelines was launched 
in 2009 to encourage the private and public sectors 
to explore new ways to integrate waterscapes within 
their developments to enhance the environment. 

iii) 3P (People, Public, Private)    
 Partnership Approach
 The vision of attaining sustainable water 

management would not be possible without the  
buy-in from the community. PUB constantly engages 
the community to adopt and take ownership of the 
waterbodies. For example, schools are encouraged 
to develop educational learning trails for the various 
ABC Waters projects so that students can learn and 
appreciate our waters more. Besides that, we also 
get private companies and grassroots organisations 
to organise and participate in activities at our ABC 
Waters sites.  

1.2 Creating a Sustainable 
Water Management System
Before actualising the vision, the nation must first ensure 
a constant supply of water for its people. Hence a holistic 
and integrated water management approach is crucial to 
protect and ensure a sustainable water supply. Through 
careful planning, Singapore has closed its water loop 
and built a diversified and sustainable water supply from 
four sources known as the Four National Taps:

•  Water from local catchment areas 
•  Imported water
•  NEWater (high-grade reclaimed water) 
•  Desalinated water 

For this water supply to remain sustainable, the 
community needs to play a part to conserve water and 
keep the waters clean. 

1.3 ABC Waters
With enhanced waterbodies, new spaces can be 
created for all to enjoy. This would provide a great 
opportunity for the community to get closer to the water 
so that we can appreciate and cherish our valuable 
water resources even more.  

The ABC Waters Programme is designed to achieve that. 
It aims to seamlessly integrate Singapore’s Environment 
(Green), Waterbodies (Blue), as well as the Community 
(Orange) to create a sustainable urban environment. 
This can be achieved through three key strategies: 

i) Development of  
 ABC Waters Master Plan 
 Developed in 2007, the master plan guides the overall 

implementation of projects to transform the city’s 
utilitarian drains, canals and reservoirs into vibrant, 
picturesque and clean flowing streams, rivers and 
lakes that are well integrated with the environment. 
More than 100 locations have been identified for 
implementation in phases by 2030, with more than 
20 of them being implemented under the first phase 
of the programme by 2012.

Fig. 1.2  ABC Waters Concept

Environment Waterbodies

Community

ABC 
Waters Concept
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Fig. 1.3 Recipients of the inaugural ABC Waters Certified Projects in 2010 at the Award Ceremony.

There are many benefits of embracing the ABC Waters 
Concept including:

•  Treating stormwater runoff closer to the source 
naturally, without the use of chemicals through the 
use of plants and soil media, so that cleaner water 
is discharged into waterways and eventually our 
reservoirs

•  Enhancing biodiversity and site aesthetics
•  Bringing people closer to water, and creating new 

recreational and community spaces for people to 
enjoy

PUB also launched a new scheme in 2010 – the ABC 
Waters Certification, to provide recognition to public 
agencies and private developers who embrace the ABC 
Waters Concept, and incorporate ABC Waters design 
features holistically in their developments. 

The implementation of ABC Waters design features 
is also recognised by several government agencies 
including the Building & Construction Authority  
(BCA). The BCA Green Mark Scheme is a benchmarking 
scheme which incorporates internationally recognised 
best practices in environmental design and performance. 

 

1.4 Benefits of Embracing the ABC Waters Concept



Section 2
Two-thirds of Singapore are water catchment 

areas. Hence it is critical that we leverage 

every opportunity to capture and cleanse 

rainwater runoff before they are channelled 

into the reservoirs.

In this section, we take a closer look at a 

sustainable stormwater management strategy 

— the ABC Waters Management Strategy. 
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ABC Waters: Sustainable  
Stormwater Management
Singapore receives about 2400mm of rainfall  
annually. This is collected in two-thirds of the island. 
It is thus important to have an effective stormwater 
management system to capture and treat the  
rainwater runoff so that cleaner water flows into our 
reservoirs for our water supply. 

Fig. 2.1    Traditional stormwater management.

Fig. 2.2   Water levels in the canals under traditional stormwater management.

Mostly dry

What happens to rainwater?
Every drop goes into the drains and 
straight into the canals.

The water level in the canals rises 
very quickly.

2.1 Traditional Stormwater 
Management
Traditionally the country relies on a network of concrete 
canals and rivers to quickly channel water into the 
reservoirs and the sea to prevent flooding. These rivers 
and canals are designed to quickly and efficiently 
convey stormwater runoff to the sea or to the nearest 
waterbody. In the past, most natural waterways, for 
example, Kallang River and Sungei Sembawang, were 
enlarged and lined with concrete to increase their 
conveyance capacity and reduce bank erosion.

Short, extreme peaks during heavy rain
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ABC Waters: Stormwater Management

While concrete waterways are able to effectively serve 
the function of flood control, they increase downstream 
peak flows, and do not provide a habitat to support a 
healthy aquatic ecosystem.

To improve the quality of water that flows into our 
waterways and reservoirs, the stormwater runoff should 
be treated as close as possible to its source before it is 
discharged into a public drain. Individual developments 

are therefore encouraged to implement ABC Waters 
design features to mitigate the impact of urbanisation 
caused by the development on waterbodies 
downstream. These environment-friendly features like  
rain gardens, bioretention swales and wetlands not 
only improve the water quality but also enhance the 
surroundings with biodiversity and aesthetic value  
(Refer to Chapter 4 for more details). 

ABC Waters Management Strategy.

Water levels in the canals if the ABC Waters management strategy is applied catchment-wide.    

Regulated flows and lower peaks

Every drop of stormwater is treated on 
site...

... and slowly released into the drains and 
canals.

Finally, cleaner water will flow into our 
reservoirs.

2.2 ABC Waters Management Strategy
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ABC Waters: Stormwater Management

Fig. 2.4 The Marina Barrage is an important milestone in our efforts to create a sustainable water supply. A dam built across the 
mouth of the Marina Channel, it created the Marina Reservoir, Singapore’s fifteenth reservoir; as well as the first reservoir in the city. 
The Marina Catchment is the largest and most urbanised catchment in Singapore with approximately one-sixth of the country’s 
stormwater being collected here.

2.3 Rainwater Harvesting
Localised rainwater harvesting involves collecting 
rainwater from surfaces like roof tops, green areas etc, 
and storing them for later use. The harvested rainwater 
at the site could be used for a wide range of non-potable 
uses, such as irrigation, general washing etc. As part 
of this effort towards water conservation, developers 
are encouraged to incorporate localised rainwater 
harvesting in their developments for non-potable use. 

Fig. 2.3 Typical outlet drain (lined with concrete), an example of traditional stormwater management element.

Managing water quality of the harvested rainwater is 
an important consideration for a sustainable rainwater 
harvesting scheme. ABC Waters design features offer 
the advantage of water quality improvement via natural 
means by channelling the rainwater through them to 
remove pollutants before it is collected and used for 
non-potable purposes.



Section 3
This section highlights the key 

considerations that the designer should be 

familiar with when implementing the ABC 

Waters management strategy.
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Guidelines for ABC Waters 
Management Strategy
This chapter highlights the key considerations that the 
designer should be familiar with when implementing  
the ABC Waters management strategy. These include 
the following: 

• Surface water drainage
• Flood control
• Stormwater quality
• Public health risks like mosquito breeding

The designer should also refer to:

•  The Engineering Procedures for ABC Waters 
Design Features, which forms an integral part of 
the ABC Waters Design Guidelines. It gives specific 
guidance on selection, sizing, construction and 
maintenance of the ABC Waters design features 
(Refer to appendix for reference).

• The Code of Practice on Surface Water 
Drainage, which specifies the minimum 
requirements for the surface water drainage systems 
of new developments (This document is available for 
free download at http://www.pub.gov.sg/general/
code/Pages/default.aspx).

• The Code of Practice on Environment Health, 
which addresses the various aspects of mosquite 
control (This document is available for free  
download at http://app2.nea.gov.sg/Copeh_%20
2005_with%20Addendum%204.aspx).

3.1 Planning Considerations

i) Internal Drainage System

All runoff within a development site shall be discharged 
into a roadside or outlet drain. A system of internal 
drains is required to intercept, convey and discharge all 
runoff from the development site into the roadside or 
outlet drain.

Any overflow from ABC Waters design features, 
including constructed wetlands and retention ponds, 
should subsequently be discharged to an outlet drain.

ii) Internal Conduit Drain

The internal conduit drain for conveying stormwater 
runoff into the ABC Waters design features or the 
roadside or outlet drain shall be at least 300mm in 
diameter.

iii) Structure Within or Adjacent to  
 Drain / Drainage Reserve

Where an ABC Waters design feature is located within 
the Drainage Reserve or drain:

• The affected drain must meet the required hydraulic 
capacity or be upgraded in size.

• All foundation structures must be independent. 
The foundation structures must be stable when 
excavations are carried out up to 1.0m below the 
proposed invert of the affected drain. The structures 
shall be kept at least 300mm away from the drainage 
structures.

iv) Natural Hydrological Features

Existing site conditions may present naturally conducive 
opportunities for the implementation of ABC Waters 
design features, for example:

• Areas of permeable soil suited to infiltration
• Existing vegetation which can function as biofilters
• Land forms (e.g. natural depressions)
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Performance curves developed to guide the professionals in the design of ABC Waters design features are available in the Engineering 
Procedures for ABC Waters design features.

Table 3.1 - Stormwater quality objectives for Singapore

3.2 Design Considerations

i) Quantitative Objectives: 
 Flood Control

This criterion must be met to address public safety and 
protection of property:
• Use of the Rational Formula to compute the 

peak runoff
• Use of Manning’s Formula to compute the size of 

the drain
• Proper by-pass system from ABC Waters design 

features should be provided and connected to  
the storm drain so that the surrounding area will not 
be flooded

• The minimum engineering requirements for surface 
water drainage are specified in the Code of Practice 
on Surface Water Drainage

ii) Qualitative Objectives:  
 Setting Performance Targets

The stormwater quality objectives or the performance 
targets of ABC Waters design features are  
directed at the protection of urban waterbodies in 
Singapore such as the Marina Reservoir. It is desirable 
that new developments incorporate ABC Waters 
management strategy that addresses the impact 
of the development on the water that flows into our 
waterways and reservoirs.

The stormwater quality objectives have been developed 
to represent achievable targets. In Singapore, based 
on preliminary assessment, the interim objectives* are 
shown in Table 3.1. Achieving these objectives is a 
practical approach to institutionalise best practice in 
stormwater quality management.

 Pollutant Stormwater Treatment Objectives

 Total suspended solids 80% removal or less than 10 ppm 
  (90% of all storm events)
  
 Total nitrogen 45% removal or less than 1.2 ppm  
  (90% of all storm events)
  
 Total phosphorus 45% removal or less than 0.08 ppm  
  (90% of all storm events)

* Stormwater quality objectives may be revised as more monitoring results are gathered over time
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iii) Erosion and Sedimentation Control

It is important to prevent sediments from construction 
sites from flowing into the drains during rain events 
as these particles will clog up drains and make our 
waterways unsightly. These measures should be taken 
into consideration:

• Enacting a barrier plan to prevent sediments from 
leaving the site (e.g. silt fence)

• Introducing phased development approach to 
minimise bare areas and potential erosion

• Providing facilities to capture and remove sediment 
from the runoff

• Employing soil stabilisation techniques, such as 
bioengineering

A system of earth control measures (ECM) shall be 
provided at construction sites before commencement 
of work. The specific requirements of ECM can be found 
in the Code of Practice on Surface Water Drainage. 

iv) Mosquito Control

The ABC Waters design features have incorporated 
suggestions to prevent mosquito breeding by eliminating 
conditions that are favourable for mosquito breeding, 
for example, impervious depressed areas or plants 
that have receptacles or thick axils to trap water. The 
designer should also refer to the Code of Practice on 
Environmental Health which addresses the various 
aspects of mosquito control. 
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Section 4
In this section, we will explain the various 

elements in a typical stormwater passage 

as well as the principles and applications of 

ABC Waters design features and elements.

We will also explore how these features 

could be assimilated into a plaza, 

architectural structure, or even introduced at 

vehicular roads and pedestrian walkways.
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Planning, Design and Performance 
of ABC Waters Design Features
Rainwater is relatively clean. When it comes in contact 
with the surfaces of a catchment, it picks up sediments, 
nutrients and other impurities. In a typical stormwater 
passage, the rainwater runoff will be conveyed by 
our drains and canals into our reservoirs for storage 
without treatment. 

With the use of ABC Waters 
design features, this rainwater 
runoff will be temporarily 
detained and cleansed before it  

4.1 Catchment Elements
The surfaces found in our urban environment (catchment 
elements) can be categorised into various components. 
These include circulation infrastructure (vehicle roads, 
bicycle paths and pedestrian walkways), structures 
(buildings, shelters and urban plazas), softscape (fields 
and parks), waterways (rivers, canals and outlet drains) 
and waterbodies (lakes, ponds and reservoirs).

In this section, we will discuss the planning strategies 
involved, and the various design elements and  
ABC Waters design features which could be assimilated 
into the various catchment elements. 

flows into our reservoirs. In essence, ABC Waters design 
features help to minimise the hydrological impacts of 
urbanised catchments, and safeguard water quality in 
our reservoirs and waterways. They also beautify the 
surroundings while improving biodiversity. With two-
thirds of Singapore as water catchment areas, it would 
be ideal to incorporate ABC Waters design features 
while planning a development. 

In this section, we will examine the elements involved in 
a typical stormwater passage and discuss the various 
elements in detail, namely:

a) Catchment Elements
b) Treatment Elements
c) Conveyance & Storage Elements

Vehicular Road

Pedestrain / 
Bicycle Path

Canal / Waterway

Waterbody 
(Lake / Pond)

Open Field

Urban Plaza

Building / 
Structures
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Same site area 
Small structures

Same site area 
Large structure 

Same plot ratio 
More site coverage

Same plot ratio 
Less site coverage

1.  Smaller structures interspersed throughout the site, 
affording no large open space, but a network of 
interstitial spaces

4.1.1 Planning Strategy
Before commencing on the design of a development, 
it is essential that one understands the constraints 
and potential of the site and factors that would affect 
stormwater flow:
• Topography (natural slopes / depressions)
• Geology (soil type and quality - porosity, infiltration 

and conveyance properties)     

The design of a development is also bound by the basic 
urban planning parameters such as site coverage, plot 
ratio, height restrictions and land use.

2.  A high-density building set within a field, allowing 
space for the landscape to be utilised as a park.

2.  A site that is restricted by smaller site coverage could 
rely on sky-rise  greenery, such as green walls and 
planters to increase vegetation and to implement 
tiered ABC Waters design features

1.  A site that has a lower height restriction but larger 
site coverage could leverage a large rooftop garden 
for its outdoor recreational space

Developments with the same site area may have two different site strategies:

The diagrams below show a comparison of two sites with the same plot ratio:

It is important that ABC Waters treatment elements 
complement the land use requirements and functions 
of the space. For example, rain gardens, which would 
pond intermittently, can be used to enhance landscape 
or various water features. 

Due to urban planning parameters, various spatial 
configurations, each with a different landscape strategy, 
can be employed, as illustrated in the diagrams below. 
Design elements and ABC Water design features can 
be customised for each of the different landscape 
strategies employed. This will be elaborated in the 
subsequent sections.

Fig. 4.1 The urban context of Singapore presents a variety of site constraints and potential that call for a combination of site 
strategies and a range of green elements, including park lands, roof top gardens and high-rise greeneries.
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4.1.2 Analysis of a Typical Plaza
Public plazas are a common feature in the urban 
landscape of Singapore, particularly in commercial 
and retail spaces where large crowds gather, such as 
Orchard Road and Shenton Way. The following is a 
common approach to the design of a typical plaza:

i) Separation of landscape  
and hydrology

 In Singapore, landscape and hydrology are often 
kept as separate systems in the design of urban 
public plazas. Water features are common but they 
are seldom natural elements. They are typically tiled 
concrete pools with little or no landscaping. Where 
plants are included in these water features, they 
remain only as aesthetic elements, often planted in 
separate pots and planters.

ii) Separation of recreational water 
feature and stormwater management 
system

 Water playgrounds or fountains are increasingly 
provided for recreation in public plazas. However, 
they play mostly aesthetic roles. They seldom take 
on stormwater management functions, and are 
usually replenished with fresh tap water, thus adding 
to potable water consumption.

Fig. 4.2  Existing situation of a typical plaza.

Water feature

Mechanical
filtration system

SEPARATION OF
STORMWATER SYSTEM
AND WATER FEATURE

Stormwater
discharged to canal

Most lost  
through evaporation

Very little overflow
discharged to canal 

SEPARATION OF
LANDSCAPE & HYDROLOGY

Replenished
by tap water

Irrigation
from tap water
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Fig. 4.4 and Fig. 4.5 Cleansing Biotopes installed at Potsdamer Plarz, Berlin, Germany (left), and the Centre of Excellence, Sindelfingen, 
Germany (right). (images by Atelier Dreiseitl) 

The ABC Waters Concept of integrating the environment, 
waterbodies, and the community, albeit on a smaller 
scale, would be practically implementable and beneficial 
in helping to develop a more efficient plaza design. 
Specifically, they contribute to the following design 
factors:

i) Cleansing 
 Rather than being sources of organic pollutants, the 

plants take on cleansing functions that improve water 
quality by uptaking nutrients and other pollutants.

ii) Low Maintenance
 ABC Waters treatment elements are self-sustaining 

natural systems that require minimal maintenance. 

iii) Aesthetics
 While meeting stormwater cleansing and 

management functions, ABC Waters treatment 
elements, with its integration of water features and 
plants, provide a dynamic yet relaxing environment 
for social enjoyment.

Fig. 4.3 Proposed situation with 
ABC Waters design features.

ABC Waters Concept —
integration of environment,
waterbodies and community

Water quality improvement
enhances the aesthetic
and recreational value
of the waterbodies

Plants irrigated
using collected water

Stormwater collected
in waterbodies

Aquatic plants and substrate act as 
cleansing agents for collected water, 
while beautifying the environment

4.1.3 An Integrated Plaza with ABC Waters Design Features
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4.1.4 Architectural Structures
In Singapore, the most common applications of 
ABC Waters design features within buildings can be 
categorised under the following building elements:

• Rooftop
• Sky garden or terrace
• Balcony
• Planter box
• Ground level greenery
• Vertical greenery

To implement the ABC Waters Concept, different ABC 
Waters treatment elements can be applied to each of 
the building elements above or in combinations.

Fig. 4.6 Vertical greenery being employed at the School Of The Arts Singapore.

Green roof

Balcony

Garden

Planter box

Ground level 
greenery
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Intensive Green Roofs

Intensive green roofs are large green spaces at the 
rooftops which are designated as recreation areas. 
The development of public recreational spaces and  
gardens on the rooftops of commercial buildings has 
had a long history in Singapore and continues to be 
highly popular. Examples include Parkway Parade, 
Suntec City and Vivocity.

There is, however, greater potential for integration of 
greenery, water features and the building itself to allow 
them to benefit from and synergise with one another. 
Plants can serve many functions apart from creating 
aesthetically pleasant environments.

Rainwater can first be collected and cleaned (using 
rain gardens or cleansing biotopes) on the roof, then 
channelled to the various water features. Alternatively, 
the cleansed rainwater can be used to water the plants 
on the planters and balconies, or for the washing of 
pavements and walkways.

Water filtered
through
green roofs

Portion of
water for
watering plants

Remaining 
water for 
water feature

Water from several rooftops
collected into a larger waterbody

Cleansed water slowly released
out to river and reservoir

Cleansing biotopes
and rain gardens can
be used to clean water
on roofs and sky terraces 
of larger buildings.
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Extensive Green Roofs

An extensive green roof is a low maintenance vegetated 
roof system that uses a lightweight engineered soil 
medium, to store rainwater that could be supplied to 
plants when there is no rain. It is not designed as a 
recreational space.

As a result, much less water runs off the roof, as 
compared to conventional rooftops. In addition to 
conserving potable water for irrigation and improving air 
quality, extensive green roofs also cool down buildings 
and reduce the “heat island” effect by providing a 
permeable and moist layer to shade the building  
from sunlight.

The Housing & Development Board (HDB) has piloted 
green roofs in existing HDB public housing blocks from 
2006 to 2007 to reduce heat build up on exposed 
concrete roof surfaces in public housing estates 
while introducing more greenery and helping to slow 
down stormwater discharge. It adopted the HDB 
patented extensive green roof system, also known as 
Prefabricated Green Roof (PEG) Tray system, which is 
lightweight and needs little maintenance. 

Fig. 4.7 Popular and well designed rooftop recreational spaces at various shopping centres in Singapore could benefit from the 
implementation of an intensive green roof (Orchard Central). 

Fig. 4.8 An intensive green roof at a multi-storey car park 
in Punggol.
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 Fig. 4.10 Multi-storey car park in Toa Payoh

 Fig. 4.9 Marina Barrage

The following are examples of extensive green roofs in Singapore. 
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The use of treatment elements does not have to be 
limited by the lack of space. Cleansing biotopes and 
bioretention planter boxes can be implemented in a 
tiered or multi-level and sequential system to achieve 
the same purification standards.

Currently in Singapore, individual families and  
collective residential bodies (facility-managed 
condominium or apartments) alike have shown keen 
interest in incorporating high-rise greenery into the  
living environment.

These existing trends could be combined with rainwater 
management to harness intelligent and effective water 
harvesting capabilities.

Fig. 4.11  Balconies and planters are greatly utilized in public as well as private developments in Singapore (Khoo Teck Puat Hospital). 

Balconies, Planter Boxes: Sequential / Tiered Cleansing Systems

Rainwater is collected and cleansed 
sequentially through tiers of small
bioretention planters

Cleansed water for
watering plants and
water feature
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Fig. 4.12 & Fig 4.13 Interior and sections of Nuremberg 
Prisma, Germany showing the application of cleansing 
biotope and its integration with the rainwater harvesting and 
treatment system  (images by Atelier Dreiseitl).

The following is an example taken from Nuremberg 
Prisma, Germany, where multi-level planters of cleansing 
biotopes clean rainwater while creating a pleasant 
atmosphere in the building all year round.

The water from the cleansing biotopes feeds a 5m high 
water wall. A slit in the wall allows air to be sucked into 
the building, cleaned and cooled as it is pulled down 
the water wall by the falling water, and then released 
into the interior. This creates a constant light wind that 
moderates the heat during the summer.

Integrated rainwater 
management with 
collection, storage
purification and 
infiltration

        Rainwater

   Exterior Pond

Collector Pipes

             Infiltration

                   Cleansing Biotope

            Interior Pond

                                   Water filter

Cistern                                    Overflow

Air intake through
water wall
                     

Exterior Pond  
             Interior Pond

     Cistern

        Irrigation

Fire Sprinkler System

Using rainwater for natural
air-conditioning, fire-fighting
and irrigation



Planning, Design and Performance of ABC Waters Design Features

26

The typical road in Singapore comprises carriageways 
that are sloped towards either the kerb or central 
dividers, where drop inlet chambers channel the 
rainwater runoff into drains and culverts that bring it to 
the main stormwater canals.

Bioretention swales and basins can be incorporated 
relatively easily and employed effectively in this situation, 
not only for detention purposes (to slow down the flow 
of water into the drains and canals), but also as a way  
of cleansing stormwater before it is discharged to 
receiving waterways.

Fig. 4.14 shows the cross section of a typical bioretention 
system. Details of the soil layers are given in the 
Engineering Procedures for ABC Waters Design 
Features. 

Fig. 4.14 Detailed section illustrating application of a bioretention system within a roadside verge.

4.1.5 Vehicular Roads and Pedestrian Walkways

Slotted Kerb

                      

Carriageway

 Filter layer
 
 Transition layer
 
 Drainage layer

        
                                                  Geotextile

 Perforated 
 subsoil pipes  
    
    Weephole

             Storm flow

Non-perforated
connecting pipe
to roadside drain

Overflow point
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Fig. 4.16  Bioretention swales along Margaret Drive.
Fig. 4.15 Plan & sections of bioretention basin application in a 
roadside verge

SECTION B-B

Fig. 4.15 shows how bioretention systems are incorporated into planting verges while co-existing with shady trees along 
a roadside verge.

A A

B

B
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SECTION A-A 
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                Drain cum foot path
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(fine gravel)
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pipe (flush pipe)
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       subsoil pipe

            Sump
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to road side drain
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Fig 4.17 Typical car-parking facilities (above), Fig. 4.18 roads with 
pedestrian pathways (top right) and Fig. 4.19 expressways with green 
verges and roadside drains in Singapore (right). 

Existing roads in Singapore typically comprise footpaths, 
carriageways, green verges and roadside drains running 
in parallel alongside each other. Where there are long 
stretches of roads, footpaths can be made to meander 
and integrate with drains or design features,  as a 

way of enhancing the experience of the pedestrian. 
The intersections between paths and design features 
can then be designed as a water feature, such as the 
stepping stones in Fig. 4.21.

Fig. 4.20

TYPICAL EXISTING SITUATION POSSIBLE VARIATION

FootpathFootpath

Green verge Design feature with 
culvert crossings
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Where paths intersect with vehicular roads and 
stormwater conveyance elements, the functionality 
of each of these elements, as well as the safety of 
pedestrians, must not be compromised. Where 
possible, the design should aim for aesthetic and 
ecological integration.

Fig. 4.21 and Fig. 4.22 are examples taken from a 
housing estate at Arkadien Asperg near Stuttgart, 
Germany. Design details (such as intersections between 
footpaths and waterways) as well as the choice of 
surface materials address both the functional and 
aesthetic needs of the hydrological system.

Fig. 4.22 shows how stormwater runoff can be 
collected via surface drainage which contour roads 
and sidewalks. These cobblestone pavings and pocket 
plantings not only help to channel and clean rainwater, 
but also reduce traffic speed and give pedestrians the 
right of way over cars while creating a pleasant, green 
environment for the neighbourhood. This application 
is especially appropriate for residential areas where 
children often play outside the house.

While rain gardens are not included in this development, 
they could easily be installed within the circular 
planters. Runoff from the roofs and streets could then 
be channelled into these rain gardens for purification  
before being collected for storage or discharged to 
drains and waterbodies.

Fig. 4.22 Circular planters and meandering surface water channels create a green and cosy streetscape that benefits the pedestrian 
and enhances water quality (image by Atelier Dreiseitl).  

Fig. 4.21 Strips of stones continue the footpath as it crosses 
the swale. Gaps allow the water to flow in between while 
the stones are slightly staggered in a playfully sculptural 
manner (image by Atelier Dreiseitl). 
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4.2 Treatment Elements
Treatment elements (or ABC Waters design features) 
can be applied to urban components to slow down, 
detain or retain the first flush of stormwater runoff while 
simultaneously cleaning it.

They are cost-effective, sustainable and environmentally 
friendly features for urban stormwater management. 
The cost is a small percentage of the total capital cost 
of the development while the resulting environmental 
benefits are many.

As ABC Waters design features are natural systems 
of plants and soil, minimal maintenance is required. 
Please refer to “Engineering Procedures for ABC 
Waters Design Features” for specific maintenance 
requirements. The document also gives specific 
guidance on selection and sizing of the treatment 
elements with worked examples and maintenance 
checklists.

Purification

Cleanse rainwater runoff 
so that cleaner and 
clearer water enters our 

reservoirs. This also beautifies the 
waterbodies so people can enjoy 
them.

Rainwater runoff can be purified 
through one or a combination of 
the following:

• Sedimentation

• Filtration

• Biological uptake

• All ABC Waters design features

Detention

To slow down the 
flow of rainwater 
runoff to ease 

the stress on the downstream 
stormwater management system. 

The runoff can be slowed down 
through a variety of methods, such 
as draining it through vegetation, 
increasing the roughness of an 
area or decreasing the gradient 
of the runoff surface and storing it 
temporarily (for a few hours) in an 
on-site facility.

• Vegetated swales

• Bioretention swales

• Bioretention basins

• Cleansing biotopes

Stormwater 
Management Functions

Purpose

ABC Waters design features

Table 4.1 Roles of ABC Waters design features in stormwater management.
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Every treatment element explained in this chapter 
has different cleansing capabilities. They cleanse 
water either in one or a combination of the processes 
described in Table 4.1. For example, a sedimentation 
basin has negligible ability to remove fine particles or 
soluble nutrient compounds, but is very effective in 
allowing large to medium size pollutants to settle and 
be separated.

Each treatment element can be understood in two basic 
properties:

1. What treatment process(es) it primarily employs 
(sedimentation, filtration or biological uptake)

2.   What is its primary stormwater management function 
(conveyance, detention or retention)

Conveyance

Conveyance refers 
to the measure by 

which surface runoff is transported 
and directed from the point of initial 
rainfall to its final discharge. This is 
necessary for flood control.

• Vegetated swales

• Bioretention swales

Infiltration

Infiltration is the process 
by which water seeps 
into the ground to 
recharge groundwater 

and aquifers, and has the added 
benefit of purification. 

However, in Singapore, infiltration 
is not common due to the high 
content of clay in the soil.

• Infiltration systems

Retention

The purpose is to ease  
the stress on the 
downstream stormwater 

management system. 

Water is retained for a longer period 
of time (in a cistern, basin or pond) 
either for use at a later stage or 
until it is ready to be released to the 
surface drainage or waterbodies.

• Sedimentation basin

• Constructed wetlands
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4.2.1 Vegetated Swales

Introduction

Vegetated swales are used to remove soil particles and 
convey stormwater via overland flow and mild slopes. 
They can be used in combination with bioretention 
systems (e.g. bioretention swales). They protect 
downstream treatment elements or waterways from 
damage by erosive flows from frequent storm events 
because vegetated swale flow velocities are slower than 
concrete lined drains.

Application & Principles

Vegetated swales are widely applicable at residential, 
parks and other sites. The landscape design of vegetated 
swales must address stormwater quality objectives 
while incorporating landscape functions. As such, it is 
important that vegetated swales are carefully designed 
to integrate with the characteristics of the surrounding 
landscape. In Singapore, where rainfall intensity is high, 
vegetated swales are applicable for small catchment 
areas (e.g. small perimeter or compound drains and 
roadside drains near the summit point).

The interaction between stormwater flow and  
vegetation within the vegetated swales facilitates 
pollutant settlement and detention. Vegetated swales 
alone cannot provide sufficient treatment to meet  
the stormwater treatment or water quality objectives. 
However, vegetated swales are particularly good 
at removing coarse sediments and can provide the 
necessary pre-treatment for downstream treatment 
systems such as wetlands and bioretention systems.

Fig. 4.23 Typical section of a vegetated swale.

CONVEYANCE ELEMENT DETENTION ELEMENT SEDIMENTATION

Fall
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Maintenance & Operation

Vegetated swales have a flow conveyance role that  
needs to be maintained to ensure adequate flood 
protection. In this regard, a key maintenance requirement 
is to ensure that the shape of the vegetated swale is 
maintained and that it is not subjected to erosion or 
excessive deposition of debris that may impede the 
passage of stormwater. 

Maintenance of vegetated swales primarily consists of: 

• Routine inspections and repair of the vegetated 
swale profile

• Routine inspection of inlet and overflow points to 
clear any blockage

• Routine removal of litter, debris and sediments
• Maintaining healthy vegetation growth. Regular care, 

such as irrigation, weeding, mowing, pruning and 
pest-control, are necessary

• Removal and management of invasive weeds

Fig. 4.2

Fig. 4.24 Vegetated swale at Kallang River - Bishan Park.

Benefits

• Reduce flow velocities and protect downstream 
waterways from erosive flow during storm 

• Provide effective pretreatment for downstream ABC 
Waters design features like bioretention swales, rain 
gardens or constructed wetlands by trapping coarse 
particles

• Beautify the surrounding landscape and may also 
help to satisfy green space requirements

• Stormwater flows can be effectively kept away from 
street surfaces by roadside vegetated swales
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4.2.2 Bioretention Swales 

Introduction

Bioretention swales are vegetated swales with 
bioretention systems located within the base. They 
provide efficient treatment of stormwater and are 
designed with gentle gradient and temporary ponding 
(extended detention) to facilitate infiltration. Runoff 
is cleansed as it percolates downwards. The filtered 
water is then collected by perforated subsoil pipes and 
conveyed to downstream waterways. 

Application & Principles

Bioretention swales can be widely applied to treat runoff 
from roads, car parks, residential areas and parklands 
etc. They can form attractive streetscapes and provide 
landscape features in an urban development. For roads, 
they can be incorporated along the side table within the 
planting verge.

Surface runoff is first filtered through the surface 
vegetation, removing coarse to medium sediments. 
It then percolates through a filter media where fine 
particles are removed and soluble nutrients are uptaken 
by the roots of the plants and soil microbes. Vegetation 
plays a key role in maintaining the porosity of the  
soil media of the bioretention system and also in the 
uptaking of nutrients from the percolating surface runoff. 
The plants selected must be able to withstand wet and 
dry conditions. They should have fibrous root systems 
to help keep the filter media porous. It is good if plants 
with good nutrient removal capabilities are selected.

Fig. 4.25 Typical section of a bioretention swale.

CONVEYANCE 
ELEMENT

SEDIMENTATIONDETENTION ELEMENT FILTRATION BIOLOGICAL
UPTAkE

Fall

 Filter media (sandy loam)

 Transition layer (coarse sand)

 Drainage layer (fine gravel)
Perforated pipe
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Benefits

• Reduce flow velocities
• Encourage habitat  creation and promote biodiversity 
• Beautify surrounding landscape
• Water is filtered and cleansed naturally without the 

use of any chemicals

Maintenance & Operation

Bioretention swales have a flow conveyance role that 
needs to be maintained to ensure adequate flood 
protection. In this regard, a key maintenance requirement 
is to ensure that the shape of the bioretention swale is 
maintained and that it is not subjected to erosion or 
excessive deposition of debris that may impede the 
passage of stormwater. The inlet points and overflow 
points or pits have to be kept clear.

Typical maintenance of bioretention swale elements will 
involve:

• Routine inspection and repair of the bioretention 
swale profile

• Routine inspection of inlet and overflow points to 
clear any blockage

• Routine removal of litter, debris and sediments
• Raking of the bioretention swale surface and flushing 

of the subsoil perforated pipes if there is evidence of 
clogging

• Maintaining healthy vegetation growth, as it 
plays a key role in maintaining the porosity of the  
soil media and the uptaking of nutrients from 
percolating surface runoff. Regular care, such as 
irrigation, weeding, mowing, pruning and pest-
control, are necessary

Fig. 4.26 & Fig. 4.27 Bioretention swales at Sengkang 
West Way.
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Introduction

Bioretention basins are vegetated land depressions 
designed to detain and treat stormwater runoff. Their 
treatment process is the same as bioretention swales; 
the runoff is filtered through densely planted surface 
vegetation and then percolated through a prescribed 
filter media (soil layer). Unlike bioretention swales, they 
do not convey stormwater runoff. 

Fig. 4.28 Typical section of a bioretention basin.

Application & Principles

Similar to bioretention swales, impurities are removed 
through fine filtration, adsorption and some biological 
uptake (by plants, bacteria etc). Rain gardens can be 
installed at various scales and shapes: in planter boxes, 
in retarding basins or integrated with streetscapes.  
They can also act as ‘standalone’ soil filtration systems 
within parklands, green buffers, carparks or along 
roadway corridors.

As the bioretention basin is configured for the removal of 
finer particles and soluble pollutants, it is advisable that a 
sedimentation basin (refer to section 4.2.4) be constructed 
upstream of the bioretention basin as a pre-treatment 
measure to remove coarse to medium sized sediments. 
This helps to ensure that the treatment efficiency of a 
bioretention basin is sustained over time, and minimises 
the maintenance requirements of the bioretention basin. If 
space is limited, a sedimentation forebay can be included 
as an integral part of the rain garden.

The vegetation in a bioretention system is a vital functional 
element of the system both in terms of maintaining  
the hydraulic conductivity of the filter media and the 
uptaking of nutrients. The plants selected for bioretention 
basins should have fibrous root systems to help keep 
the soil porous, and be able to withstand wet and dry 
conditions. It is also good to select plants with good 
nutrient removal capabilities.

SEDIMENTATION FILTRATION BIOLOGICAL UPTAkEDETENTION ELEMENT

4.2.3 Bioretention Basins (Rain Gardens)

             Overflow pit

Treated water and overflow            Geotextile liner

Extended detention zone 
increases volume of stormwater 
that is captured and treated

Functional vegetation supports nutrient
removal and maintains porosity of soil

 Non-perforated stand pipe with cap
 or drainage cleanout

 0.1 - 0.2m Extended detention

 0.3 - 0.6m Filter media (sandy loam)

 0.1m Transition layer (washed coarse sand)

 0.2m Drainage layer (fine gravel)

Corrugated perforated pipe
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Benefits

• Reduce flow velocities
• Encourage habitat  creation and promote biodiversity 
•    Beautify surrounding landscape
•    Easy set up, minimal maintenance, inexpensive 

and versatile
•    Water is filtered and cleansed naturally without the 

use of any chemicals

Maintenance & Operation

Vegetation plays a key role in maintaining the porosity 
of the surface of the filter media and the uptaking 
of nutrients from percolating surface runoff. It also 
facilitates the transport of oxygen to the soil microbial 
communities for the biological transformation of 
pollutants. Thus, a strong healthy growth of vegetation 
is critical to its performance. 

Maintenance is primarily concerned with:

•    Maintenance of depression profile to keep a clear 
flow to and through the bioretention basin

•    Routine inspection of inlet, outlet and overflow points 
to clear any blockage

•    Routine removal of litter, debris and sediments
•    Raking of the bioretention basin surface and flushing 

of the subsoil perforated pipes if there is evidence  
of clogging

•    Maintaining healthy vegetation growth, as it 
plays a key role in maintaining the porosity of the  
soil media and the uptaking of nutrients from 
percolating surface runoff. Regular care, such as 
irrigation, weeding, mowing, pruning and pest-
control, are necessary

Fig. 4.29 & Fig. 4.30 Bioretention basins at Lower Seletar Reservoir (left) and Balam Estate (right).
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4.2.4 Sedimentation Basins

Introduction

Sedimentation basins are ponds that provide temporary 
retention and a reduction of stormwater flow velocity 
to promote the settling of particles by gravity. They are 
designed to capture 70% to 90% of coarse to medium-
sized sediments (typically above 125μm) that can then 
be removed periodically. Sedimentation basins are 
deployed as pre-treatment units which could be applied 
to constructed wetlands and bioretention basins.

Application & Principles

Sedimentation basins can be permanent features in 
an urban design or temporary measures to control 
sediment discharge during construction. Its primary 
function is to capture coarse to medium sized sediments 
as a pre-treatment measure before the water enters 
a downstream treatment system (e.g. macrophyte 
zone of a constructed wetland or a bioretention basin) 
configured for the removal of finer particles and soluble 
pollutants.

The second function of sedimentation basins is to control 
or regulate flows entering the downstream treatment 
system. The outlet structures of sedimentation basins 
are designed such that flows up to the design flow 
will enter the downstream treatment system, whereas 
excess flows are bypassed around the downstream 
treatment system (e.g. via a spillway). In providing 
this function, the sedimentation basin protects the 
downstream treatment system against scouring and 
other damages during extreme high flows.

SEDIMENTATIONRETENTION ELEMENT

Fig. 4.31 Typical section of a sedimentation basin.
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Benefits

• Pre-treat the runoff for downstream ABC Waters 
design features

• Slow down the runoff to protect downstream 
features

• Easy sediment removal
• Durable with appropriate maintenance
• Added environmental benefit with wetland plants 

around the edge
• Can be designed as an aesthetic water feature
• Stored water can be used for non-potable uses

Maintenance

• Ensuring proper operation of inlet scour protection 
or energy dissipation structures

• Monitoring of sediment accumulation and timely 
removal of sediments

• Removal of debris to ensure that outlet is 
not blocked

• Weed management to ensure the healthy growth 
of species as required in the design of each  
specific site

Fig. 4.32 Sedimentation basin at Yishun Pond.
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4.2.5 Constructed Wetlands

Introduction

The use of constructed wetlands for stormwater 
management is widely adopted in many urban 
environments. Constructed wetland systems are shallow 
and extensive vegetated waterbodies that generally 
consist of the following zones:
• An inlet zone (designed as a sedimentation basin to 

remove coarse to medium sized sediments – see 
Section 4.2.4)

• A macrophyte zone (a shallow heavily vegetated 
area to remove fine particles and soluble pollutants)

• A high flow bypass channel (to protect the 
macrophyte zone)

Constructed wetlands are designed primarily to remove 
fine to colloidal particles and dissolved contaminants. 
The wetland needs to be configured such that system 
hydraulic efficiency is optimised and healthy vegetation 
is sustained.

Application & Principles

Wetlands can be constructed on different scales, from 
building scale, park scale to large regional systems. The 
design of constructed wetlands is scalable according 
to the size of the contributing catchment and this has 
made its application very versatile. In highly urbanised 
areas they can have a hard edge form and be part of 
a streetscape or forecourts of buildings. In regional 
settings, they can be over 10 ha in size and can provide 
significant habitat for wildlife.

Wetland processes involve slowly passing runoff 
through heavily vegetated areas. Sediments settle 
and plants filter fine sediments and pollutants from the 
runoff. Microorganisms that grow on the plants can 
absorb nutrients and other associated contaminants 
from the runoff.

SEDIMENTATIONRETENTION ELEMENT BIOLOGICAL UPTAkE

Fig. 4.33 Typical section of a wetland system.

Normal water level

Area for sediment
de-watering

     Open water         Submerged         Deep             Shallow
                   Marsh  Marsh  Marsh

Macrophyte Zone

Inlet Zone

Inlet

Riser outlet Pit entry



41

Planning, Design and Performance of ABC Waters Design Features

 The plant roots also serve as a natural environment 
(or substrate) for the growth of a community of micro-
organisms which breaks down organic pollutants. 

iii) Sub-surface Flow Wetland
 In this wetland, no water can be seen as it is flowing 

below the surface, through the filter media, which 
retains suspended solids. The roots of the plants 
absorb impurities in the water, thereby cleaning it. 
This wetland type is typically used to cleanse water 
with more organic content. 

Benefits

• Water is filtered and cleansed naturally without the 
use of any chemicals

• Encourage habitat  creation and promote biodiversity 
•    Beautify surrounding landscape

Maintenance

•    Maintaining continual flow to and through the system
• Maintain vibrant vegetation. Suitable plants must 

be chosen for survivability and ability to remove 
pollutants like nutrients. The most intensive period of 
maintenance is during the first two years of planting 
when weed removal and replanting may be required

• Routine removal of accumulated sediments
• Routine removal of litter, debris and sediments 
• The inlet zone needs to be maintained in the same 

way as the sedimentation basins

(Alexandra Canal)

(Sengkang Floating Wetland)

In general, wetlands can be categorised into 3 types – 
Floating, Surface Flow and Sub-surface Flow Wetland. 
Among them, the surface flow wetland is most suitable 
in treating surface runoff for sustainable stormwater 
management.

i) Surface Flow Wetland
 This wetland comprises marsh planting, with the water 

level kept at a constant depth. The marsh planting  
helps to remove impurities in the water, resulting in 
cleaner water.

ii) Floating Wetland 
 The floating wetland is an engineered system that 

employs plants growing on a floating mat on the 
surface of the water. 

 Rooted emergents (plants which grow in water, with 
leaves and flowers above the water surface) are 
selected for planting on floating wetlands.  

(Lorong Halus sub-surface flow wetland)
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4.2.6 Cleansing Biotopes

Introduction

Cleansing biotopes are a form of artificially constructed 
wetlands with recirculation. They consist of nutrient-
poor substrates that are planted with wetland plants 
which are known for their water cleansing capacity.

Principles & Applications

The degradation of organic pollutants in a cleansing 
biotope occurs with the help of oxygen-fed micro-
organisms. Layers of substrate filter out particulates 
and have mineral composites that bind and remove 
phosphates. The dense planting also filters out sediments 
while partially feeding off and removing nitrates in the 
water. The cleansed water is often recirculated for 
further treatment by the cleansing biotopes.

They can be implemented in a variety of situations:

• Revitalisation of lakes and the cleansing of urban 
waterbodies

• Outdoor areas, such as parks, open fields, ponds 
and lakes

• Rooftop gardens, winter gardens in building interiors, 
open plazas next to buildings or even under elevated 
structures

• Subdivided into smaller areas (such as small 
skygardens and planters) that work together in 
sequence for incremental cleaning.

Fig. 4.34 Typical schematic of a cleansing biotope system.

DETENTION ELEMENT FILTRATION BIOLOGICAL UPTAkE
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Benefits

• Water is filtered and cleansed naturally without the 
use of any chemicals

• Encourage habitat  creation and promote biodiversity 
• Beautify surrounding landscape

Maintenance

• Maintaining healthy vegetation growth, as it 
plays a key role in maintaining the porosity of the  
soil media and the uptaking of nutrients from 
percolating surface runoff. Regular care, such as 
irrigation, weeding, mowing, pruning and pest-
control, are necessary

• Cleansing biotopes can be divided into several 
areas that are alternately activated. This allows 
each section to be deactivated for a few days for 
regeneration

• Under extreme conditions, the filter media may 
become clogged. When this happens, the water 
feed is switched off to allow the substrates to dry  
for several days, to allow the organic matter to dry, 
and the biotopes surface to be mineralised. The 
top layer of the filter media should also be raked to 
loosen it. The cleansing biotope system can then be 
turned on again

Details of a typical cleansing biotope profile

Fig. 4.35 Typical section through a cleansing biotope.
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4.3 Conveyance and Storage

Waterways and Waterbodies 

Singapore’s water catchment area, constitutes some 17 
reservoirs, 32 major rivers and more than 7,000 km of 
canals and drains. 

Without attempting to exhaust the many possible 
permutations of the ABC Waters treatment elements, 
this section aspires to demonstrate some of the many 
possible interventions that can be applied to waterways 
and waterbodies.

It is however, important to note that there are many 
factors that influence the plausibility and suitability of 
implementing specific stormwater elements, including 
the following:

i) Land Use
•  Affects the kind of pollutants
 Stormwater pollutants from urban developments 

originate from a variety of sources in the catchment. 
Suspended solids are mainly from soil erosion; 
nutrients, organic matters and microorganisms 
are from sullage discharge and fertilisers; oils are 
generally from vehicles and petrol stations; litter 
are from populated areas and dry leaves are from 
landscaped areas. Suspended solids, nutrients, oils 
and litter have a negative aesthetic impact which is 
often a cause for concern for the community.

• Affects programme and function
 Recreational facilities are commonly integrated along 

the edges of rivers close to business or residential 
areas and reservoirs that are close to residential 
areas. Likewise, rivers and reservoirs within and 
close to the nature reserves, such as Sungei Buloh 
and kranji Reservoir, are kept tranquil and natural to 
benefit the flora and fauna community found there.

•  Affects quantity of runoff
 The generally high percentage of clay in most 

of Singapore’s soil translates to minimal level of 
infiltration or groundwater recharge. Nevertheless, 
the high density of buildings and paved areas would 
still have an inverse effect on stormwater infiltration 
levels, and increase the runoff rates and pollution 
levels.

Fig. 4.36 Lower Seletar Reservoir, one of the 17 reservoirs 
in Singapore.
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ii) Soil & Geological Condition
 The composition of soil has an effect on a variety of 

properties.  As mentioned, soil that is predominantly 
clayey in nature would impede infiltration but it would  
facilitate conveyance. It would also be more plastic 
and can sustain a steeper slope along banks and 
in landforms. However, it may not be as suitable for 
bioengineering as plants may not thrive due to the 
lower porosity and hence decreased capacity for 
containing air, especially oxygen.

 Coarse soil that contains larger rocks and aggregates 
would also decrease the velocity of the water flow, 
as compared with a concrete-lined canal.

iii) Ecological Integration
 Each canal is part of a larger system and catchment 

area. Careful analysis to determine the effect of 
any intervention on upstream and downstream 
conditions prior to any changes is imperative.

 The biodiversity of a natural system is highly 
sensitive and is susceptible to the slightest change. 
Careful studies to identify existing species of plants 
and animals would ensure the preservation of the 
delicate ecological balance.

Fig. 4.37 A typical waterway that helps to convey stormwater during rain events. 
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4.3.1 Enhancing Waterways 
In an increasingly urbanised Singapore, more and more 
people are starting to appreciate and value nature. As 
a counterpart to nature walks and wildlife reserves, 
enhanced waterways, where the general public can 
discover local aquatic flora and fauna, would be a 
welcome sight.

Most of the main stormwater canals in Singapore are 
built as trapezoidal or u-shaped concrete canals. These 
could employ different variations and combinations of 
ABC Waters design features.

There are several techniques that can be deployed to 
enhance waterways.

i) Greening of Waterways
 A technique that can be used to enhance waterways 

without the demolition of the concrete canal is the 
greening of waterways with the use of creepers. 
This has been implemented by PUB at some of the 
canals in Singapore and two examples are shown 
below.  

Fig. 4.39 The landscaped trapezoidal canal walls along Sungei Kallang - River Vista.

Fig. 4.38 The greened trapezoidal canal walls along Marina Channel near Singapore Flyer.
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Fig. 4.41 The applications of gabions greened with creepers has helped to soften the look of the canal at Sungei Whampoa - St George’s 
Lane.

Fig. 4.40 Cross sections showing how the canal wall can be partially removed and replaced with gabions.

Another method to green our waterways is via the use of gabions which can be integrated into canal walls which are 
partially removed, and then allowing creepers to grow over the gabions to enhance the aesthetics of the canal. This is 
illustrated in the cross sections shown below. A good example where this is applied is at Sungei Whampoa - St George’s 
Lane (Refer to case study on page 96 for more details).

Original height of canal wall

Railings

Section of canal 
wall is removed

Gabion wall is anchored to existing 
canal wall and compacted soil

Existing canal wall

Railings

Geotextile

Bakau piles

Compacted soil

Existing canal wall

Creepers to green the gabion wall
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Fig. 4.42 A section through the proposed Kallang River running through Bishan Park, indicating the specific bioengineering technique 
applied for that segment of the river.

ii) Bioengineering Stabilisation     
 Technique
 Bioengineering is a construction technique that 

harnesses the inherent qualities and capabilities of 
natural materials (plants, stones, branches, roots 
etc.) for the purpose of  structural integrity, be it in 
a natural environment (such as stabilising a river 
embankment) or a constructed space (retaining 
walls supporting roads and buildings).

 In the context of enhancing waterways, 
bioengineering can be used to naturalise them. 
Bioengineering not only stabilises the slopes of the 
river bank, they also protect the slopes from erosion 
during storm events. Bioengineering techniques can 
be employed to replace traditional civil engineering 
applications, but more often than not, they are used 
in combination as a complement to each other.

 Some bioengineering techniques are “softer” in that 
they rely almost entirely on plant matter for their 
construction materials. These include techniques that 
employ brush mattresses, fascines and geotextile. 
Alternatively, there are “harder” bioengineering 
techniques, such as stone rip rap and stone gabion 
walls which comes closer to traditional engineering 
in their combined use of traditional construction 
materials, such as rocks, metal and concrete.

   Brush layer
  

    Gabion basket (100x100x50)

     Selected fill 
     material

GABIONS WITH
BRUSH LAYERS

 Gravel
 (sub-grade course)

Brush layer and/or
rooted plants

Assumed mean
water level

 LOG CRIBWALL

Wood cribwall built
from timber logs

 Bed substrate

Undisturbed existing soil



49

Planning, Design and Performance of ABC Waters Design Features

Principles & Applications
 
The suitability of specific techniques depend on site 
conditions, such as:

• Gradient of slope
• Soil type
• Water velocity along waterways

These would determine whether techniques that are 
more resilient are required. Professional bioengineering 
consultants should be engaged to provide an accurate 
assessment of the site conditions and to propose 
appropriate techniques.

Benefits
 
• Protects the soil surface from erosion caused by 

climatic elements (rain, wind)
• Reduces the velocity of water flow
• Facilitates settlement and deposition of sand and 

silt, thus protecting the water quality of downstream 
waterbodies

• Enhances soil fertility through retention of nutrients
• Beautifies surrounding landscape
• Increases soil integrity through establishing root 

networks
• Encourages habitat  creation and promotes 

biodiversity

Fig. 4.43 Bioengineering testbed for the Kallang River - Bishan Park project, showing 3 techniques: stone wall with cuttings, log 
cribwall, and gabions with brush layers.
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Maintenance

As long as appropriate conditions for plant growth are 
maintained, bioengineering techniques are dynamically 
sustained, self-regulated, and enhanced without the 
need for excessive maintenance. The deepening of the 
roots over time improves soil stabilisation, and protection 
against erosion.

Unlike hard structures, bioengineered waterways 
comprise live, dynamic and loose elements. Bedrock 
movements (e.g. stones and pebbles moved and carried 
along by high water velocity) and sedimentation (debris 
and silts generated from eroded rocks, plant damage 
and degeneration) are natural processes along the 
river. Periodically but infrequently, minor maintenance 
(replacement of displaced rocks, trimming of plants to 
prevent breakage etc.) is necessary.

Some of the maintenance requirements are  
as follows:

• Litter and debris removal from the natural river 
channels and slopes

• Removal of sediments accumulated at designated 
sedimentation basins

• Maintaining healthy vegetation growth. Regular care, 
such as weeding, mowing, pruning and pest control 
is necessary

The first of its kind in Singapore, the kallang River - 
Bishan Park (kRBP) project, due to be completed by 
end 2011, is an example of a naturalised waterway 
(Refer to the kRBP case study in this guideline for more 
details.

Nevertheless, the naturalisation of waterways and 
waterbodies do not have to be limited to public projects 
or large developments. ABC Waters design features 
could be applied to a short segment of a canal that 
intersects or passes through a private development. 
Likewise, sections of an artificial pool or just small 
segments on one side of a canal bank can be naturalised 
to enhance the aesthetic, ecological and social value of 
adjacent developments.

Fig. 4.44 Canals can be naturalised on just a bank or at appropriate segments and intersections.

Board walk
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Section 5
When implementing ABC Waters design 

features, it is paramount to put public safety 

as the most important consideration. All 

projects should be designed with a system of 

safety designs and checks in place. Various 

safety considerations are outlined in this 

section.
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Safety Considerations,  
Public Health and Maintenance
When implementing ABC Waters design features, it is 
paramount to put public safety as the most important 
consideration.  All projects should be designed with a 
system of safety designs and checks in place.

5.1 Planning Stage
Safety to users is designated as a key design criterion 
during the planning and design stage to ensure that 
safety measures form an integral part of the project 
design.

The developer and/or his Qualified Person (QP) shall 
consult the following agencies on safety aspects of their 
proposals:

• PUB, the national water agency
• Singapore Civil Defense Force (SCDF)
• Building & Construction Authority (BCA)
• Fire Safety Bureau (FSB)
• Fire Safety & Shelter Dept (FSSD)
• Land Transport Authority (LTA) (if public streets are 

affected or if proposed features are within roadside 
verge)

• Housing & Development Board (HDB) and Town 
Councils (if features proposed are within HDB land)

• Any other agencies as advised by PUB and SCDF

The following organisations should also be consulted for 
developments that include water sports facilities:

• People’s Association (PA)
• Singapore Sports Council (SSC)

5.2 Design Stage

i)   Sufficient Overflow Capacity
 Overflow with sufficient capacity must be in place 

when designing any ABC Waters design features.

 The designer shall ensure that there is no ponding/
flooding to the adjacent areas caused by the ABC 
Waters design features.

• ABC Waters design features are not designed to 
treat runoff from intense storm

• Adequate overflow points with sufficient capacity 
shall be provided to channel stormwater effectively 
to the storm drain during intense storm

• The storm drain shall be designed to channel the 
overflow

ii)  Illumination
 It is important that a sufficient amount of light is 

provided, particularly in relation to the following 
safety and security concerns:

• General visibility — consistent lighting along paths 
to prevent people from tripping and knocking into 
obstacles

• Crime prevention — areas of complete darkness 
should be avoided. Ambient and/or sensor lighting 
are possible energy-saving solutions

• Areas which pose potential hazards, such as steps, 
changes in levels, water crossings and bridges, 
should be illuminated

 Energy-efficient lighting should be specified for 
ecological sustainability and durability, as well as to 
minimise maintenance frequency.

 It is recommended that landscape consultants and/
or lighting specialists be engaged to address the 
specific lighting needs of each project.
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iii)  Signage
 Signs are important tools to give direction and 

information. Any inherent risks within the project site 
should be highlighted:

• Directional signage to locate specific areas of risk to 
expedite emergency responses

• Safety warning boards illustrating potential risks to 
both adults and children

iv) Accessibility
 Applicable guidelines in the Building & Construction 

Authority’s (BCA’s) Code on Accessibility in the Built 
Environment should be followed. Specifically, the 
following must be provided:

• Handrails to be located along vertical drops, side 
drains as well as on all bridges to prevent fall. A 
height of 110cm conforms to Singapore’s safety 
design standards for guardrails. Other aesthetically 
pleasing safety barriers such as planter boxes, rocks, 
ornamental walls and bushes can be used too

• At public areas, provisions should be made for the 
disabled. These include a ramp access with gradient 
of not more than 1:12, tactile warning indicators at 
ramps and steps, as well as continuous handrails or 
grab bars along steps

• In areas where activities are conducted, the slope 
should have a gradient of not more than 1:4

• Sufficient traction for handholds and footholds 
should be provided

v) Emergency and Rescue Plan
 Fire and other hazards may be considered as an 

integral part of the whole development.

• Fire and emergency access — In the case of fire or 
emergency, there must be an access road wide and 
gentle enough for vehicles to access the structures 
in key areas

• Fire access and Hydrants — Fire truck access and 
hydrants are to be provided in  accordance with 
FSSD requirements and the developer’s fire risk 
assessment

• Other appropriate safety equipment (e.g. life buoys) 
should be provided at visible and easily accessible 
locations

vi) Specific Requirements for Waterways
 The following should be considered when waterways 

are naturalised and made accessible to the public: 

 a)  Signs, lights and markers should be used to warn 
and inform the public of any rise in water levels:

 
 • Safety nodes with warning lights should be 

located at critical locations of the waterway to act 
as visible safety aids and communication/rescue 
landmarks during sudden increases in water 
levels and/or velocities

 • Depth markers should be placed to increase 
visitors’ and rescue officials’ awareness of 
gradually rising water levels

 b)  Velocity and depth checks for safety should be 
carried out to determine if the water course is 
safe to wade in, based on the following factors:

 • Velocity, depth, substrate, local uses and norms 
in the region

 • Firm channel bed to provide good footing

 c)  Classifications of Waterways – Waterways or  
segment of waterways can be classified 
according to the following factors:

 • Flow velocity of waterway
 • Slopes of bank for easy access into and out of 

the water

 This classification can be used to assess appropriate 
activities for the waterway. Specific considerations 
have to be considered as well:

 
 • Certain activities may have to be organised by an 

appointed organiser (e.g. boating / kayaking)
 • Waterways with greater risks (taking velocity, 

depth and obstacles into account) require 
participants of kayaking activities to have a higher 
level of certification

vii) Plant Selection
 Plants that have receptacles or thick axils that  

may trap water should be avoided to prevent 
mosquito breeding.
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5.3  Construction Stage

i) Rigorous Review Process Before 
Tender Calling

During the detailed design stage, the projects should 
be jointly reviewed by the developer, consultants and 
safety auditor for further refinements on design and 
operational safety.

ii) Workplace Safety and Health

It is imperative that any construction project adheres to 
the requirements spelt out in the Ministry of Manpower’s 
Workplace Safety & Health Act, to ensure the safety of 
all employees, consultants, as well as the general public 
during the site preparation, construction, as well as site 
handover phases.

Fig 5.1 & Fig 5.2 Informational signage with prohibitive icons at Lower Seletar Reservoir (left) and a safety node with warning lights 
at Kallang River-Bishan Park (right). 
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5.4 Post-Completion

iii) Mosquito Control

Efforts to prevent, detect, identify and destroy any 
mosquito breeding, as well as to eliminate potential 
habitats (places that could collect water or have 
water stagnation) would require the implementation of 
environmental management measures. These include:

a. Routine surveillance (at least once a week) to 
eliminate potential habitats:

 • Drain places that could collect water or have 
water stagnation

 • Remove discarded items
 • Clear choked subsoil pipes
 • Remove plants with thick axils

b. Regular monitoring and maintenance of subsoil 
drain pipes to ensure that they do not sag and create 
areas of water stagnation 

c. Engage a Pest Control Operator (PCO) to implement 
mosquito control programmes on site

iv) Safety Audit

The developer, consultants, together with external 
safety auditor, should conduct audit checks at the site to 
ensure that the water activities are carried out properly 
and safely, and in accordance with safety procedures. 
Such audit checks should occur periodically.

v) Public Education

There are various methods of educating the public 
about the proper and safe use of facilities, in addition 
to the roles and functions of the ABC Waters design 
features implemented. These include:
 
• Signage
• Workshops / educational programmes
• Media (e.g. brochures / videos / websites)

vi) Raising Awareness of  
Individual Responsibility

While safety measures have been put in place, the 
public is encouraged to exercise individual responsibility 
and good sense when having fun at waterbodies. 
Where areas have been designated for water-play, 
parents should educate their children on general safety 
measures. In general, the public should not enter any 
waterway as there may be swift currents due to a 
sudden surge of rapid water flow caused by a storm.



56

Safety Considerations, Public health and Maintenance

ii) Vegetation Establishment
 Bioretention systems, vegetated swales, and 

wetland etc. rely on good vegetation establishment. 
Hence, ensuring adequate vegetation growth is a key 
maintenance objective. The most intensive period 
of maintenance is during the plant establishment 
period when weed removal and replanting may be 
required.

iii) Soil Porosity
 Vegetation plays a key role in maintaining the 

porosity of the soil media of bioretention systems 
(bioretention swales and rain gardens) and a 
strong healthy growth of vegetation is thus critical 
to the proper performance of the systems. Routine 
inspection of the bioretention trench or basin 
surface to identify any areas of obvious increased 
sedimentation is recommended. Raking of the 
bioretention trench or basin surface and the flushing 
of the subsoil perforated pipes can be carried out if 
there is evidence of clogging.

iv) Cleansing Maintenance
 Routine cleansing maintenance, especially after 

a storm event, to clear any blockage to inlets or 
outlets of water and to remove litter and debris are  
recommended.

v) Specific Checklists
 The maintenance requirements of the major types 

of ABC Waters design features are earlier given in 
Chapter 4. The specific maintenance checklists are 
given in the “Engineering Procedures for ABC 
Waters Design Features”.

Like any system, maintenance is a necessary and 
important consideration and sufficient thought should 
be given to long-term maintenance during the planning 
stage. The facilities and features must be monitored, 
inspected and maintained regularly to sustain the various 
benefits. Routine inspections and maintenance help to 
prolong the life span of these facilities and features. By 
detecting the problems early, the maintenance cost can 
be reduced, and any major repair or high replacement 
costs can also be avoided. Poor or irregular practice 
will result in system failure, additional expenses and 
adverse environmental impacts such as accumulation 
of pollutants.

i) Natural Systems
 ABC Waters design features are green infrastructures 

that mimic natural systems. They are cost-effective, 
sustainable, and environmentally friendly. These 
features harvest the natural cleansing capability of 
plants and soil to remove pollutants like nutrients and 
suspended solids without the need for sophisticated 
mechanical equipment and chemicals.

5.5 Maintenance Considerations
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Section 6
In order to provide active, beautiful, and 

clean water for all to enjoy, everyone must 

play a part. PUB encourages the various 

stakeholders — landowners, private 

developers to incorporate ABC Waters design 

features into their developments, and the 

community to embrace these infrastructures 

for recreational & educational purposes.
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6.1 Valuing Our Waters
Under the ABC Waters Programme, Singapore’s 
waterways and reservoirs will increasingly be enhanced 
aesthetically, creating new community spaces to bring 
people closer to water. Through enjoying these new 
spaces, we hope that people will forge a closer bond 
with water, learn to value our water resources, and play 
their part to keep the waters clean.

Acting Together for  
a Sustainable Environment

6.2 Educating the Public
To convince the public to help keep our waters clean 
while enjoying various water-based recreation at our 
reservoirs and waterways, public education is vital. The 
3P (people, public, private) sectors are encouraged 
to conduct educational activities in and around the 
waterbodies. For example, they can create an outdoor 
classroom to increase understanding of the river 
ecology, and learn how littering on land can pollute 
our waterbodies. To share knowledge with the public, 
educational posters and signage can also be displayed 
at project sites. This helps to engage the public as well 
as show them that every effort counts and that their 
participation can make a difference.

Fig 6.1 Students playing a part in keeping our waters clean at Pandan Reservoir.
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6.3 Engaging the Community
PUB recognises the importance of actively engaging 
the community in the ABC Waters Programme. One of 
the key aims of the programme is to ensure community 
ownership of the water assets upon completion. 
The community is thus consulted from the project 
eonceptualisation stages, so that projects are built 
based on what they actually want.

The Kolam Ayer ABC Waterfront is PUB’s demonstration 
ABC Waters project. PUB engaged the grassroots, 
schools and residents early in the planning process, to 
gather their views and ideas, and encourage them to 
organise and participate in activities at Kolam Ayer. 

Today, the Kolam Ayer community organises many 
activities and projects, and enjoys the facilities and 
features constructed for their use, transforming the area 
into a beautiful and vibrant waterfront.

For the Alexandra Canal ABC Waters project, the  
community was similarly engaged. During the 
construction phase, students from CHIJ Kellock and 
Crescent Girls’ School were involved in a wetland 
workshop where the students got to learn about the 
functions of wetlands, in addition to being given the 
opportunity to carry out the planting of wetland plants 
at the project site. Together with PUB staff, volunteers 
from various organisation participated to help make the 
event a success. They are Waterways Watch Society,  
Regent Hotel Singapore, CH2M Hill Singapore, Harford 
Engineering Pte Ltd and Ah Boon Civil Engineering & 
Building Contractor Pte Ltd. 

A similar approach is encouraged for all projects that 
implement ABC Waters design features.

Fig 6.2 Students from CHIJ Kellock and Crescent Girls’ School having fun at the Alexandra Canal wetland workshop.
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6.4 A Call for Partnership
The ABC Waters Programme aims to provide active, 
beautiful, and clean waters for people to enjoy. It will 
enhance the city landscape and land value surrounding 
the projects as developments located near water tend 
to command a premium price. Hence, PUB encourages 
private developers and landowners to incorporate 
waterways into their developments and implement 

ABC Waters design features which will contribute to a 
beautiful, clean and green living environment. We also 
encourage the various stakeholders – public agencies, 
private developers, landowners, grassroots and the 
public, to participate in this programme to realise 
Singapore’s vision of remaking Singapore into a vibrant 
City of Gardens and Water.

Fig 6.3 Dragonboaters enjoying themselves at Lower Seletar Reservoir (Family Bay).
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Section 7
The ABC Waters Certification is a new 

scheme that was launched by PUB to provide 

recognition to public agencies and private 

developers who embrace the ABC Waters 

concept, and incorporate ABC Waters design 

features in their developments.

 

Besides providing recognition, the scheme 

also aims to ensure that the design features 

incorporated within the development achieve 

a minimum design standard.
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ABC Waters Certification
The ABC Waters Certification is a new scheme that was 
launched by PUB on 1 July 2010 to provide recognition 
to public agencies and private developers who embrace 
the ABC Waters concept, and incorporate ABC Waters 
design features in their developments. Besides providing 
recognition, the scheme also aims to ensure that the 
design features incorporated within the developments 
achieve a minimum design standard.

7.1 Application and Assessment
Application for ABC Waters Certification is open 
throughout the year. Developers of completed projects, 
projects under construction and projects that have 
completed detailed design stage can apply for their 
developments to be certified. The validity of certification 
is three years. The application form can be downloaded 
from http://www.pub.gov.sg/abcwaters/abccertified.

Evaluation and assessment of the projects is carried out 
based on the information and declaration submitted in 

the application form. Applicants are to ensure that the 
information provided is accurate and up-to-date. To 
ensure that the certified projects are implemented in 
accordance to the design, random verification will be 
conducted during the Temporary Occupancy Permit 
(TOP) stage. 

Under this scheme, public agencies and private 
developers of the ‘ABC Waters certified’ projects are 
allowed to make use of the ABC Waters logo to promote 
their developments as ‘ABC Waters certified’. 

7.2 About the Certification 
The ABC Waters Certification Scheme is evaluated 
based on four categories – Active, Beautiful, Clean  
and Innovation. 

For a project to be certified, it needs to receive a 
minimum of 45 points, with at least 5 points in each of 
the first 3 categories. 

 CATEGORY	 POINTS

 ACTIVE 30 

 BEAUTIFUL 30

 CLEAN 30

 INNOVATION 20

  TOTAL  :  110 Points
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Active Section

This section aims to encourage vibrancy and activity in each site, by providing new 
community spaces for people to enjoy recreational activities, and bringing people 
closer to water. 

Section Criteria 

 ACTIVE		 POINTS

 1)		Provision	of	facilities	for	new	community	spaces	&	public	enjoyment,	with		 20
	 	 possible	educational	values 

 a)  Provision of facilities that bring people closer to water and promote waterside or fringe  5
  activities in development (E.g. viewing decks / lookout decks / boardwalks / seating  
  spaces by the waterway or ABC Waters design features — excluding swimming pools /  
  fountains)

 b)  Accessibility and safety consideration for the facilities provided (e.g. barrier free design) 5

 c)  Maintainability of the ABC Waters design features (e.g. design features which involve  5
  minimal maintenance)

 d)  Scope for public education (E.g. signage to explain facts about water / nature /  5
  ABC Waters design features)

 2)		Usage	by	stakeholders	&	community	engagement	 10

 a)  Proposal for formation of interest groups or for organising activities 
  (with plans to ensure sustainability of activities) at project site 5

 b)  Convenience of usage by members of the public 5
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Beautiful Section

This section focuses on achieving integration between water and greenery to achieve 
scenic waterscapes. 

Section Criteria

 BEAUTIFUL	 POINTS

	 1)		 Integration	of	water	features	within	site	architecture	 20

 a) Aesthetic improvements of surface water drainage (e.g. use of vegetated swales /  10
  bioretention swales instead of concrete drains, use of retention ponds,  
  wetland plantings etc) 

 b)  Aesthetic improvements to the sky terrace / roofs (e.g. usage of intensive or extensive  5
  green roofs to slow down runoff)

 c)  Aesthetic improvements to the façade (e.g. through use of vertical greenery, planter boxes  5
  for treatment of rainwater) 

	 2)		Integration	with	greenery 10

  Planting scheme with a variety of plants (preferably native plants) that encourage habitat  10
  creation (eg. for butterflies, dragonflies and birds) and enhance biodiversity 
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Clean Section

This section focuses on sustainable and holistic water management through the 
adoption of the ABC Waters Concept. 

Section Criteria

 CLEAN	 POINTS

	 1)		 Incorporation	of	ABC	Waters	design	features	to	treat	surface	runoff	from	site 20

 (a)  Treatment or retention of runoff from more than 35% of the total catchment area (site area) 20 
  through infiltration, retention ponds and other ABC Waters design features
 
 (b)  Treatment or retention of runoff from 11% to 35% of the total catchment area (site area)  15 
  through infiltration, retention ponds and other ABC Waters design features
  
 (c)  Treatment or retention of runoff from up to 10% of the total catchment area (site area)  5 
  through infiltration, retention ponds and other ABC Waters design features 
  
 Note:  Treatment of more than 35% of total paved area of the site through infiltration, retention 
   ponds and other ABC Waters design features will qualify for an additional 15 points,     
   subject to a maximum of 20 points	
	 	
	 2)		Holistic	water	management	of	the	site 10
  
 a)  Rainwater harvesting and integration with ABC Waters design features 7
  
 b)  Rainwater harvesting and re-use of rainwater (e.g. for irrigation) 3
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Innovation Section 
This section recognises creativity and innovation in incorporating ABC Waters design 
elements or other environmental friendly features, to minimise the impact of urbanisation 
on the quality and quantity of rainwater runoff. It also acknowledges exemplary designs 
that go beyond the standard criteria listed in the ABC Waters certification scheme. 

Section Criteria 

 INNOVATION	 POINTS

	 1)		 Incorporation	of	innovative	ABC	Waters	design	in	projects	 Up	to	20

 Examples:
 a)  Infiltration measures e.g. porous pavement, engineering soil 
 b)  creative drain cover designs 
 c)  Innovative irrigation systems that use rain water  
 d)  Gross Pollutant Traps 
 e)  Other natural drainage systems 
 f )  Grey water recycling
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Appendices
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Appendices

8.1 Glossary of Terms
AVERAGE RECURRENCE INTERVAL (ARI)
An estimate of the period of time between storm events of a given magnitude. Typical 
ARIs include 1 in 50 years, 1 in 10 years, 1 in 5 years, and 1 in 2 years.

BIODIVERSITY
Biodiversity is the variation of life forms within a given ecosystem, biome, or for the 
entire Earth. Biodiversity is often used as a measure of the health of biological systems.

BROWNWATER / BLACKWATER
Sewage water. Contains pathogens that has to decompose before discharging into the 
environment.

CATCHMENT 
An area of land from which rainwater flows to a common point, usually ending in a river 
or canal, and eventually a reservoir or the sea.

ECOLOGY
Ecology is the scientific study of the distribution and abundance of life and the 
interactions between organisms and their natural environment.

An ecosystem is a natural unit consisting of all plants, animals and microorganisms 
(biotic factors) in an area functioning together with all of the non-living physical (abiotic) 
factors of the environment.

EUTROPHICATION
Eutrophication is an increase in chemical nutrients — compounds containing nitrogen or 
phosphorus — in an ecosystem, and may occur on land or in water. However, the term 
is often used to mean the resultant increase in the ecosystem’s primary productivity 
(excessive plant growth and decay), and further effects including lack of oxygen and 
severe reductions in water quality, fish, and other animal populations.

FLOODPLAIN
The flat or nearly flat area adjacent to a waterway that is designed to be inundated 
during a heavy storm.

GREYWATER
The wastewater generated from domestic activities, such as bathing, laundry and dish-
washing. These comprise 50 — 80% of residential wastewater and requires relatively 
less-intensive treatment processes. There has been increasing interest in the safe 
recycling and reuse of greywater.
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NUTRIENTS 
Substances such as nitrogen and phosphorus, which promote the growth of plants 
and algae. Excessive nutrients in waterways contribute to algal blooms and degrade 
our waterways.

PLOT RATIO
The ratio of the gross floor area of the building(s) in a development to its site area.
 
              PLOT RATIO =     GROSS FLOOR AREA
                               SITE AREA

POLLUTANTS
Substances that may naturally occur but are present at harmful levels (e.g. sediment or 
nutrients in a water body) or which may be unnatural in the environment and capable 
of producing environmental harm (e.g. chlorinated pesticides).

RECEIVING WATER
A water body that may receive runoff from the catchment and generally has some 
environmental value or beneficial use. Natural wetlands are included in the definition 
of receiving waters, not constructed wetlands that have been built primarily for the 
purpose of stormwater treatment.

RUNOFF
Rainwater that runs off surfaces such as roads and parking lots and is collected in 
stormwater infrastructure or flows directly into natural channels.

TREATMENT TRAIN
A series of stormwater treatment devices that collectively address all stormwater 
pollutants.

SEDIMENT
Particulate matter, such as sand or mud, that is generally derived from the lands and 
can be suspended and transported by fluid flow.

SCOURING
Severe erosion caused by water.

SITE AREA
The area of a development plot measured between the survey boundary lines. The 
boundary line defines the legal ownership of the property or development site.
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STORMWATER
Surface water runoff following a rain event (including piped flows) from urban surfaces 
(roads, pavements, rooftops, car parks and vegetated open space).

URBAN DEVELOPMENT
Non-rural forms of development including rural residential, suburban and dense urban 
(including residential, commercial, and non-rural industrial). Urban development forms 
could comprise greenfield, redevelopment, infill and retrofit of urban built infrastructure.

WATER QUALITY
Physical, chemical and biological characteristics of the water column, including 
nutrients and sediment.
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8.2 References and Supporting Materials
It is important that all designs and implementations comply with the various building 
and planning authorities’ regulations. The following is a suggested list:

Building & Construction Authority (BCA)
 •    http://www.corenet.gov.sg/einfo/
 •    http://www.bca.gov.sg/Sustain/sustain.html 
  (Green Mark Awards)
 • http://www.bca.gov.sg/BarrierFree/barrierfree_buildings.html 

 (BCA Code of Accessibility)

Housing & Development Board (HDB)
 •    http://www.hdb.gov.sg

Land Transport Authority (LTA)
 •    http://www.lta.gov.sg
 • http://www.lta.gov.sg/dbc/dbc_other_guide.htm 

 (Guidelines, Standards and Circulars)

Ministry of Manpower (MOM)
 •    http://www.mom.gov.sg
 • http://www.mom.gov.sg/workplace-safety-health/wsh-regulatory-framework
  (WSHA - Workplace Safety & Health Act)

National Parks Board (NParks)
 • http://www.nparks.gov.sg
 • http://www.nparks.gov.sg/cms/index.

 php?option=com_content&view=article&id=58&Itemid=95  
 (Development Plan submission requirements)

Urban Redevelopment Authority (URA)
 • http://www.ura.gov.sg
 • http://www.ura.gov.sg/circulars/text/dcdnrhb_d0e4.htm 

 (Development Control Parameters)
 • http://www.ura.gov.sg/circulars/text/lushprogramme.htm 

 (Landscaping for Urban Spaces and High Rises Programme)

 The following provides detailed information regarding the implementation of ABC 
design features:

Engineering Procedures for ABC Waters Design Features
 •  “Engineering Procedures for ABC Waters Design Features” gives specific  

 guidance on selection and sizing of the features, computational procedures  
 with worked examples, maintenance checklists and performance charts to 
 develop the detailed designs. A copy  of the document is in the CD attached.
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The following are additional resources:

ABC Waters Masterplan 2008
 •  http://www.pub.gov.sg/abcwaters/abcwatermasterplan/

Code of Practice on Environmental Health
 •  http://app2.nea.gov.sg/Copeh_%202005_with%20Addendum%204.aspx

Code of Practice on Surface Water Drainage
 •  http://www.pub.gov.sg/general/code/Pages/default.aspx

Concept Design Guidelines for Water Sensitive Urban Design 
(Southeast Queensland, Australia)
 •  http://www.waterbydesign.com.au/conceptguide

Green Roofs and Heat Island Effect 
(United States Environmental and Protection Agency)
 •  http://www.epa.gov/heatisland/mitigation/greenroofs.htm

Singapore Institute of Landscape Architects
 •  http://www.sila.org.sg
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Section 9
We now look at 14 case studies in 

Singapore that have benefited from 

embracing the ABC Waters Concept. 

These projects not only contribute to 

cleaner waters but also beautify the 

environment and provide recreational 

spaces for the public to enjoy.
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Case Study: 
Alexandra Canal
Once purely utilitarian in function, a 1.2km stretch of  
Alexandra Canal has been transformed into a pleasant 
and attractive waterway with softened banks, seamlessly 
integrated with the adjacent developments.

A 200m stretch of the open waterway near Tanglin 
Road was decked over to create an interesting water 
cascade and water play area for the public to enjoy. In 
addition, the deck serves as a vantage point from which 
the public can have a bird’s eye view of the revitalised 
waterway. A pedestrian bridge was also constructed at 
the section of the waterway within the Prince Charles 
Crescent loop to provide connectivity between the 
footpaths at the northern and southern banks of the 
canal.  The Jervois Plaza located at the stretch of the 
canal between Prince Charles Crescent Road and Delta 
Road is another highlight of the project. This community 
space can be used for events and activities organised 
by the community, schools or private organisations.

The project also features an Educational Hut where 
the nearby Crescent Girls’ School developed a series 
of educational panels in collaboration with PUB. These 
panels touch on water related topics such as the 
Four National Taps and ABC Waters Programme, and 
highlight the importance of keeping our waterways 
clean.

Completed in January 2011, this project showcases the 
engagement with the community and the application  
of the ABC Waters Concept where the integration 
between our waterways, landscape and community  
is seamless.  
  

Fig. 9.1 Students learning about the floating aquatic wetland at Alexandra Canal.
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Key Design Features

• Bioretention swales, vegetated swales 
and rain garden

 Implemented on the decked-over stretch of the 
canal, these design features act as natural filters to 
sieve out impurities from rainwater runoff from the 
deck so that cleaner water flows into Alexandra 
Canal, and eventually into Marina Reservoir.

• Wetlands
 Also implemented on the decked-over stretch of 

the canal near Tanglin Road, a series of wetlands 
provide a varied experience using different wetland 
systems and plants.

 Water is pumped from the canal into a sedimentation 
bay, allowing larger sediments in the water to settle 
slowly. The cleaner water then flows in parallel into 
the wetland modules further downstream, where 
finer sediments, nutrients and other impurities are 
removed through the plants and filter media. The 
treated water is then channelled to the rockscape 
garden and back into the canal, eventually ending up 
in Marina Reservoir.

 The 3 wetland modules implemented are: (1) surface 
flow wetland, (2) floating aquatic wetland (a variation 
of the surface flow wetland with floating aquatic 
plants instead of marsh planting) and (3) sub-surface 
flow wetland.

 The wetland plants beautify the landscape, and 
serve as a natural habitat for fishes, dragonflies, 
waterbirds and other wildlife. The wetlands also 
provide ideal outdoor learning opportunities for the 
nearby educational institutions.

Fig. 9.2 Sub-surface flow wetland at Alexandra Canal. Fig. 9.3 Surface flow wetland at Alexandra Canal.
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Case Study: 
Assumption Pathway School
Assumption Pathway School is the first school in 
Singapore to be awarded the ABC Waters Certification 
by PUB. The school has implemented a rain garden to 
detain and treat rainwater runoff from about 12% of the 
school area. The rain garden has been integrated with a 
timber boardwalk to bring students closer to the water. 
It is also intended to be used as an outdoor classroom 
to educate them on the natural cleansing functions of 
the rain garden. 

In addition, there will be an educational signage on the 
principles and functions of the rain garden. 

The project was completed in January 2011.

Fig. 9.4  Rain garden at Assumption Pathway School.
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Key Design Features

• Rain garden
 Being a sustainable green solution to cleanse 

the surface runoff, the rain garden beautifies the 
surroundings with green and promotes biodiversity 
in the development. 12 species of plants are being 
planted in the  140 m2  rain garden,  and among 
them are Calathea lutea, Neomarica longifolia, 
Pennisetum rebrum and Nerium oleander. 

Fig. 9.5 Boardwalk to bring students closer to the rain garden.

• Timber boardwalk
 A timber boardwalk is integrated with the rain 

garden and it has provided the students with a 
unique outdoor classroom experience. In addition to 
being used to educate about the natural cleansing 
function of the rain garden, the boardwalk has also 
been used for visual art lessons in the school. The 
flora and fauna observed at the rain garden serve as 
perfect drawing subjects and has been incorporated 
in one of the school’s art curriculum assignment.
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Case Study: 
Dawson Estate
A project by the Housing & Development Board (HDB), 
the Dawson Estate redevelopment is among one of 
the first projects where ABC Waters design features 
are incorporated into a housing estate.  In this project, 
pocket bioretention swales that co-exist with trees 
are incorporated along Margaret Drive as part of the 

‘Housing in a Park’ concept for the Dawson Estate. 
This is a pilot HDB experiment on the incorporation of 
bioretention swales into a residential landscape.

The project has been completed in May 2011.

Fig. 9.6 Bioretention swales along Margaret Drive.
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Key Design Features

• Bioretention swales
 In Dawson Estate, Margaret Drive has been  a 

suitable location for the bioretention swales, as 
the road would be expunged to construct the eco-
corrider, one of the distinguishing features of the 
‘Housing in a Park’ concept. 

 A new design of pocket bioretention swales that co-
exists with trees has been piloted in this road. The 
pocket bioretention swales are placed in the planting 
verge at intervals of 3m in between  a tree planting 
space of 7m. Some of the shrubs used in the 
bioretention swale include Arundo donax, Pandanus 
utilis, Eugenia uniflora and Tibouchina urvilleana.

Fig. 9.7 Bioretention swales along Margaret Drive.

 The Dawson Estate bioretention swales are among 
the first upstream cleaners for the rainwater runoff 
from the roads and parklands that flow through 
Alexandra Canal into the Marina Reservoir.
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Case Study: 
Greenwood Sanctuary
Completed in 2009, the Greenwood Sanctuary is a 
neighbourhood park in Woodlands built by HDB. It 
is designed specially as an “Eco-nature park” for its 
sustainability in the use of ecological features. It is built 
to serve the residents’ daily use, hence a variety of 
activity spaces are designed to encourage community 
bonding in a natural setting.

This project has been awarded the ABC Waters 
Certification.

Key Design Features 
Many of the ABC Waters design features are 
incorporated into the development of the Eco-nature 
park so that it is also equipped with effective stormwater 
management features. The landforms are designed 
with vegetated swales as a natural drainage system for 
the entire park.

Vegetated swales are natural earth drains that slow 
down surface runoff and channel the surplus water 
to the “dry ponds”. Where the footpaths run across 
the vegetated swales, timber crossings serve as 
small bridges over the earth drain. After a downpour, 
residents can observe the vegetated swales collecting 
runoff, flowing under their feet towards the ponds.

Fig. 9.8 Dry pond at Greenwood Sanctuary.
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• Vegetated swales
 No concrete drain is required in this park as the entire 

site is completely drained by a system of carefully 
planned vegetated swales. This project aims to treat 
100% of the surface runoff within the park and retain 
rainwater to recharge the ground.

 Vegetated swales appear as subtle landforms in the 
landscape and may appear as shallow rivulets next  
to the footpath and in-between the paved area and 
earth mounds.  With careful grading, all vegetated 
swales collectively form a comprehensive drainage 
system which channels the runoff to dry ponds, 
which act as temporary ponding locations. The 
vegetated swale itself is also capable of retaining 
water and allows rain to infiltrate into the soil slowly. 
When the stormwater flows to the dry ponds, it will 
be filtered by the sand and grass to the underground 
tank, and gradually permeate the surrounding land. 
If the tank is full, the water will be discharged via an 
overflow pipe.

• Dry ponds
 At the central dry pond, a shelter and life-size pygmy 

hippo sculpture are designed for people to gather 
and enjoy the waterfront view. The central dry pond, 
being the largest feature in the park, is connected to 
two smaller ponds. These ponds are also temporary 
ponding areas and they are able to retain water for a 
longer period of time so that residents can enjoy the 
water for several hours after the rain.

• Manual water pump
 A manual water pump is located at the central 

dry pond next to the proposed community 
garden. A signboard is provided to depict the way 
rainwater is stored underground and drawn up for 
irrigation. It teaches about rainwater harvesting  
and allows the residents to use the pumped out 
water for community gardening. The unused water 
will flow back to the pond along the designed 
scupper drain.

• Eco-retaining wall
 A Deltalok eco-retaining wall was built to hold back 

the steep slope of the central dry pond. Native 
species of flowering shrubs planted on the eco-
wall attract butterflies and make the area more 
aesthetically pleasing.

• Rockscape
 A rockscape is constructed where various sizes of 

natural stone boulders and rocks are recycled from 
the Lim Chu Kang dumping ground. Large stone 
boulders are used as seats, ‘adventure steps’ to 
hillock, and decoration. 

Fig. 9.9 Vegetated swales with timber crossing at Greenwood 
Sanctuary.
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Case Study: 
Grove Drive Constructed Wetland
A constructed wetland at Grove Drive is one of the pilot 
projects undertaken by PUB to demonstrate the efficacy 
of constructed wetland in local conditions. The wetland 
treats part of the dry weather flow from the stormwater 
drain at Grove Drive before flowing into Sungei Ulu 
Pandan and eventually Pandan Reservoir. 

The construction of the wetland along Sungei Ulu 
Pandan began in January 2010. The project site 
extends about 230m from the drain at Grove Drive, and 
is integrated seamlessly with the surrounding landscape 
and a footpath for public access. The completed 
wetland not only cleanses the stormwater naturally but 
also generates diverse flora and fauna with balanced 
ecosystems that help to control mosquito larvae. 

Besides improving water quality, wetlands also provide 
a valuable habitat for many plants and animals and will 
encourage passive recreation by improving the aesthetic 
and amenity values of the local landscape.

Fig. 9.10  Wetland cells at Grove Drive.
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Key Design Features

• Constructed linear wetland
 The Grove Drive Constructed Wetland has a 

sedimentation pond that collects water from the 
nearby cascade drain. Larger sediments in the water 
are allowed to settle down slowly before the cleaner 
water flows into the wetland cells downstream for 
further treatment.  

 The three wetland cells placed in series remove the 
pollutants and absorb nutrients from the water.  They 
are extensively vegetated and filled with shallow 
water that flows slowly through the cells. 

 The wetland has a simulated timber boardwalk 
that invites visitors to the wetland, and there are 
educational signages to explain the principles of the 
wetland and plants species in the wetland. Grove 
Drive Constructed Wetland has become a habitat for 
many species of dragonflies and damselflies, which 
can be commonly spotted in the wetland cells.

Fig. 9.11   Some of the various fauna that has been observed at Grove Drive Constructed Wetland
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Case Study: 
H2O Residences
H2O Residences by City Developments Limited (CDL) 
is a proposed condominium in Sengkang West Ave / 
Fernvale Link to be completed by 2014. It is the first 
private development to integrate with a surrounding 
water body.

One of the features of H2O Residences is a Kid’s 
Discovery Biopond filled with fishes, flora and fauna 
found in the region, offering an enriching opportunity to 
learn about the surrounding biodiversity. 

A rain garden will also be constructed, and together with 
the biopond, will retain and treat runoff from over 25% 
of the paved  area in the development. Residents can 
enjoy the  reservoir view at a closer distance by exiting 

through the sidegate into the Promenade by the River. 
There, aside from a jogging track, a jetty platform is built 
next to the bank where residents can rest and enjoy the 
view by the Punggol Reservoir while getting closer to 
the ecology and habitat of the mangrove trees at the 
same time; a good example of integration between a 
development and an adjacent waterbody.

The top of the clubhouse also serves as a relaxing point 
for the residents, where they can relax and enjoy the 
beauty of the diverse ecosystem around them.

This project has been awarded the ABC Waters 
Certification.

Fig. 9.12 Jetty platform to bring the public closer to Punggol Reservoir.

Artist’s Impression
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Key Design Features

• Rain garden
 The  proposed rain garden would beautify the 

surrounding with greenery besides enhancing 
wildlife and biodiversity by the development. The 
treated water from the rain garden will be collected 
in a rainwater harvesting tank and is intended to be 
reused for irrigation. Signages will also be put up to 
explain the role of the rain garden in helping to treat 
rainwater runoff.

Fig. 9.13 Nature’s Terrace and Whistling Pavilions.

• Biopond
 In addition to providing educational opportunities 

through the various flora and fauna in the pond, 
the biopond also softens the look of the overall 
surroundings, giving the development a more natural 
outlook. In addition, a timber boardwalk cuts across 
the pond where users can meander through the 
pond, interacting with nature at a close proximity.

Artist’s Impression
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Case Study: 
Kallang River - Bishan Park
A joint collaboration between PUB and the National Parks 
Board (NParks), the ABC Waters project at Kallang River 
- Bishan Park was designed with a holistic sustainable 
approach in mind, and with the concept of integrating 
the park with the river. One of the main features of the 
redevelopment is the restoration of the concrete canal 
into a naturalised river with bioengineered river banks 
using a variety of plants and natural materials.
 
This project is the first of its kind in Singapore, and the 
integration of the river with the park aims to make the 
waterway more accessible to the public while creating 
more spaces for the public to enjoy.

The naturalised river will meander through the park and 
is designed based on a flood plain concept whereby 
during dry weather, the river flow will be confined to 
a narrow stream in the middle of the river. The gently 

sloped river banks will form part of the park features, 
and park users will be able to walk along the water’s 
edge. In the event of a storm, the water level in the river 
will rise and the area adjacent to the river will be used as 
a flood plain to contain the rainwater. 

The additional facilities in Bishan Park include a River 
Promenade, suitable for events, community gatherings 
and festive celebrations. There will be three new 
playgrounds, each with a distinctive theme. The new 
Bishan Park will be home to diverse flora and fauna, with 
the natural river and existing water bodies in the park 
playing an important role in promoting biodiversity. To 
be completed in end 2011, the project will create more 
green and blue spaces for the public to enjoy in one of 
the most popular parks in Singapore. 

Fig. 9.14 Stepping stones across the naturalised river at Kallang River - Bishan Park.
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• Cleansing biotope 
 A cleansing biotope is also introduced in this project. 
 
 Located further upstream in the park, the cleansing 

biotope takes the place of an existing pond and 
comprises 15 cells in four terraces. Water is pumped 
into the various cells of the cleansing biotope from 
the river and the downstream ponds, and is filtered 
before the cleaner water is returned back to the 
ponds, eventually cascading back to the river.  
Part of the treated water from the cleansing 
biotope will also undergo UV treatment and be 
supplied to a water playground. The plants in the 
cleansing biotope will further beautify and enhance  
biodiversity in the park. 

• Green roofs and vegetated swales
 Other sustainable features implemented in the 

project include green roofs on top of park structures 
and vegetated swales along green verges. These are 
all designed to facilitate infiltration and detention on a 
smaller but more widespread scale.

Key Design Features

• Bioengineering techniques 
 Bioengineering techniques, combining traditional 

engineering with aesthetics and ecological 
considerations, are widely employed here to 
transform the straight concrete canal into a 
natural river with landscaped banks. This is the 
first time that  bioengineering techniques  are 
applied in urbanised Singapore, and a test  
bed was earlier constructed to test the suitability 
of the various techniques and plants in the nation’s 
tropical climate.

Fig. 9.15 Clear waters in the naturalised river.
Fig. 9.16 An elevated view of the meandering river that is 
integrated with Bishan Park.
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Case Study: 
Lower Seletar Reservoir
Lower Seletar Reservoir is the first project to be 
completed under the ABC Waters Programme in the 
north-eastern part of Singapore. Due to its extensive 
and scenic water body, the reservoir, one of the sources 
of Singapore’s water supply, can be capitalised to realise 
its potential for water-based activities, while preserving 
space for the nature lovers. 

Lower Seletar Reservoir now boasts a Family and 
Rowers’ Bay, creating a new focal point for residents 
in the area. At the Family Bay, the public can enjoy the 
performances and water activities at the multi-purpose 
stage, and can also have a fun time playing with water 
from jets located in the water play area and the wading 
stream. 

A Heritage Deck that allows the public to take in the 
breathtaking view of the reservoir was also built. In 
addition, there are panels designed along the deck to 
provide a glimpse of the reservoir’s history. 

Rowers’ Bay, on the other hand, makes use of the open 
2km long channel of water, to provide a possible venue 
for competitive rowing events.

This project was completed in June 2010.

Fig. 9.17 Multi-purpose stage and water play area at Lower Seletar Reservoir (Family Bay).
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Key Design Features

• Rain garden
 A rain garden is incorporated at Family Bay to 

collect, detain and treat rainwater runoff that 
flows from the park. The filtered rainwater is then 
further treated  and reused in the water play area 
and wading stream. Approximately 80m2 in size, 
the rain garden not only enhances the quality of 
rainwater runoff, but also promotes biodiversity. 
About 10 species of plants have been planted in the 
rain garden, including Cordyline fruiticosa tricolor, 
Cymbogon citratus, Hymenocallis speciosa and 
Osmoxylon lineare.

• Bioretention swales
 Bioretention swales are also employed at Lower 

Seletar Reservoir. Located at the carpark, the 
bioretention swales serve to treat rainwater runoff 
from paved areas in the carpark before the cleansed 
water is channelled to the reservoir.

Fig. 9.18 Rain garden at Lower Seletar Reservoir 
(Family Bay).

Fig. 9.18 The bioretention swale at the Lower Seletar 
Reservoir carpark.
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Case Study: 
Privé
Developed by NTUC Choice Homes Co-operative Ltd 
and CEL Development Pte Ltd, Privé is an Executive 
Condominium at Punggol Field. 

The landscape is envisioned to be a place for gathering 
and community bonding. It is designed to provide 
a thoroughly evergreen atmosphere of serenity 
essential for biodiversity to flourish. With a boardwalk 
leading to the spiral pavilion placed in the centre of 
the biopond, residents would be able to embrace 

nature at its best. Besides acting as a natural filter, the  
pond also encourages biodiversity with its flora  
and fauna. In addition, green roofs and walls will be  
built in the clubhouse, thus allowing residents and 
visitors to enjoy cleaner air and beautiful scenery while 
entertaining guests.

The project is targeted to be completed by 2014 and 
has been awarded the ABC Waters Certification.

Fig. 9.18  Bioponds with wetland plantings at Privé.

Artist’s Impression
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Key Design Features

• Biopond
 The biopond with wetland plantings encourages 

biodiversity by allowing water plants and small fishes 
to grow.   This serves as a platform for educating the 
young on ecology and biology topics. In addition, the 
edge of the pond will be designed as an embankment 
to encourage gazing birds to land.

• Bioretention swales
 Rainwater runoff is cleansed by the bioretention 

swales through different layers of soil media and  
vegetation to filter the water before it is discharged 
to the drains.  

• Green roof and green wall
 Both a green roof and green walls are incorporated 

to reduce heat built-up on exposed roof surfaces 
while slowing down stormwater discharge.

Fig. 9.19  The shimmering water-lined boulevard leads to the discovery of a naturally greened oasis.

Artist’s Impression
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Case Study: 
Sengkang Riverside Park
Completed in September 2009, Sengkang Riverside 
Park is a project by NParks that is designed to provide 
a holistic sensory experience to visitors through careful 
location of different spaces and activities according to 
the existing terrain. The location exploits the existing 
undulating terrain of the park to entice visitors with 
beautiful views to the park surroundings and into 
the different recreational spaces provided. A central 

constructed wetland is a highlight of the park and the 
Open Lawn, which is an open space surrounding the 
wetland, invites park visitors to get close to the water. 
The gentle slope on the lawn provides sufficient space 
for family leisure and activities. 

This project has obtained ABC Waters Certification.

Fig. 9.20  Scenic view of the constructed wetland and its surroundings.
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Key Design Features

• Constructed wetland
 Over 40% of the park area is channelled into the 

central constructed wetland where runoff is retained 
for treatment. The runoff is mainly collected from 
the footpaths at the Visitor Plot, and is channelled 
to the sedimentation basins. In Sengkang Riverside 
Park, two sedimentation basins are being deployed 
to act as gateways before rainwater flows to the 
macrophyte zones. The two macrophyte zones 

remove fine particulates and uptake soluble 
pollutants. The water then flows to the open pond, 
and is  reused for irrigation around park.

 There are educational signages to explain the 
principles and functions of wetlands. There are also 
fruit trees and other native plant species that help 
create a habitat for birds and butterflies. 

 

Fig. 9.21 Curious park visitors drawn to the fauna at the constructed wetland.
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Case Study: 
Sentosa Boardwalk

Fig. 9.22 An elevated view of the boardwalk connecting VivoCity to Sentosa.

Developed by Sentosa Development Corporation, 
the garden-themed Sentosa Boardwalk connects 
the waterfront promenade at VivoCity to Sentosa 
and provides an alternative way to enter the island on 
foot. Along the boardwalk, guests will be treated to 
the luxuriant greenery of the five tropical landscapes 
indigenous to Singapore. More than 40,000 plants 
have been planted to showcase the rich diversity of 
the Sentosa landscape. The extensive array of plant 
species was carefully selected to create a balanced 
micro-ecological habitat which encourages biodiversity. 

To support the greenery on the boardwalk, the 700m 
timber boardwalk incorporates bioretention planter 
boxes to retain and treat rainwater for irrigating plants 
along the boardwalk. 

To enhance guest experience, viewing decks were 
built for guests to better enjoy a panoramic view of 
the harbour. Staging areas were also included to 
create opportunities for guests to watch entertaining 
performances as they stroll across the boardwalk.

This project was completed in January 2011 and has 
been awarded the ABC Waters Certification.
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Fig. 9.23 Bioretention planter boxes at Sentosa Boardwalk.

Key Design Features

• Bioretention planter boxes
 Bioretention planter boxes are strategically placed 

along the boardwalk. These planter boxes retain and 
treat rainwater which is then reused for irrigation of 
the surrounding landscape.

• Lookout decks and promontory
 Strategically placed lookout decks and a second 

storey promontory viewing deck will allow the public 
to enjoy the outdoors with a panoramic view and 
a closer proximity to the waterfront. Openness is 
maintained along the waterfront for physical and 
visual interaction.

• Travellators greened with creepers
 Sheltered travellators with an unobstructed  

westward view allows the public to have a clear 
waterfront vista. The travellator roof, equipped with 
metal screens and cables, allow the growth of 
creepers at the east side of the travellator roof to 
make a luxuriant greenery passageway.

Fig. 9.24 Creepers to green the Sentosa Boardwalk.
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Case Study: 
Sungei Whampoa - 
St George’s Lane

During the implementation of the project, students 
from the nearby Bendemeer Secondary School 
and Hong Wen School, Jalan Besar Town Council 
and grassroots leaders from both Kolam Ayer St  
George’s West Residents’ Committee and Whampoa 
McNair Residents’ Committee were consulted. They  
are now playing a part in keeping this ABC Waters site 
clean and vibrant through outdoor classrooms and 
grassroots events.

Completed in September 2010, this project  
showcases the engagement with the community  
and the application of the ABC Waters Concept  
where the integration between our waterways, 
landscape and community is seamless.

Fig 9.25 Rain garden at Sungei Whampoa - St George’s Lane.

The Sungei Whampoa - St George’s Lane project 
demonstrates that it is viable to integrate ABC Waters 
design features seamlessly with housing upgrading 
projects to bring residents a holistic experience close to 
water and nature. 

In this project, sustainable design features such as 
gabions and rain gardens are integrated along a 
250m stretch of Sungei Whampoa from CTE to the St 
George’s Lane HDB estate. The growing of creepers on 
the gabions help to create a natural and ‘green’ canal 
wall, while the rain gardens create a garden habitat and 
help treat rainwater runoff, so cleaner water flows into 
our drains and canals, and eventually our reservoirs. 
The whole area is enhanced with more landscaping and 
planters, encouraging biodiversity. At the same time, 
lookout decks were also built to provide community 
spaces for people to enjoy activities close to water.
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Key Design Features

•  Gabions greened with creepers 
 Gabions are cages filled with natural rocks. They 

are integrated into the canal wall which is partially 
removed, providing the ideal texture for creepers 
to grow, and allowing the creepers to blend in with 
the rest of the landscape. This gives the canal edge 
along Sungei Whampoa a green and ‘soft’ look.

•  Rain garden 
 At Sungei Whampoa - St George’s Lane, rainwater 

runoff from the nearby car parks and paved areas 
are channelled into rain gardens, improving the 
quality of water entering Sungei Whampoa. 

 With their green and flowering plants, the rain 
gardens also beautify the area, creating a more 
pleasant environment for residents to enjoy.  

Fig. 9.26 Gabion walls greened with creepers at Sungei Whampoa - St George’s Lane.
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Case Study: 
Tampines Eco Green
Tampines Eco Green is a park developed by NParks  
that is located at the eastern side of Singapore,  
bounded by Tampines Expressway, Tampines Ave 
12 and Sungei Tampines Canal. The new park aims 
to provide the community, in particular the younger 
generation, a chance to experience nature at their 
doorstep, and to promote a deeper appreciation of 
Singapore’s rich biodiversity.

Works at Tampines Eco Green involved upgrading 
of existing tracks, implementation of vegetated 
swales to reduce stormwater runoff and improve 
water quality, ponds to collect stormwater  
for irrigation, as well as other basic amenities  
including a viewing platform, eco-toilet, shelters, and 
bird hides. 

A series of eco-habitats were also created to 
accommodate a wide variety of indigenous plant, 
animal and insect species. In addition, all structures 
are provided with green roofs planted with native plant 
species to encourage biodiversity.  

There are viewing platforms built over the pond and 
stepping stones across natural streams to bring people 
closer to water. In addition, there are storyboards  on 
vegetated swales and biodiversity to educate people 
about the functions of these features and the diverse 
ecology that exists in the park. The project was 
completed in January 2011.

Fig. 9.27  Viewing platform to bring the public closer to the retention pond at Tampines Eco Green.
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Key Design Features

• Vegetated swales
 Vegetated swales are designed next to the track, to 

drain and collect stormwater into retention ponds. 
Overflow pipes are designed to discharge excess 
stormwater collected in the retention ponds into 
Sungei Tampines and an open drain along Tampines 
Avenue 12 during severe storm events. Native plants 
are planted along the side of the swales.  

• Green roofs and rainwater harvesting
 Rainwater is harvested by green roofs. Green roofs 

located at three of the rest sheds, main entrance 
shelter and eco-toilet help to retain rainwater, and 
any excess water from the green roofs will flow 
from the overflow pipes to the ground. The ground 
is designed with granite aggregates above the 
perforated pipes to allow removal of pollutants. The 
filtered water is then conveyed by pipes to sumps 
and finally to the vegetated swales. 

 

• Retention ponds
 A small natural stream at the southern part of the 

park was improved by laying stepping stones 
intermittently across for access. Native plant species 
with good cleansing abilities are introduced at these 
ponds to enhance and balance the ecosystem. 
Water will flow through these stepping stones into 
a receiving pond before overflowing into Sungei 
Tampines. As these stepping stones are arranged  
in a barrier-free manner, park users can easily 
access this area and get close to the water. Water 
stored at the retention ponds are used for irrigation 
within the site.

Fig. 9.28 Vegetated swales at Tampines Eco Green.
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Case Study: 
Vacanza @ East
Vacanza @ East is a condominium in Lengkong Tujoh  
developed by Hoi Hup Sunway Property Pte Ltd. This 
project features rain gardens, green roofs and bioponds 
with wetland plants to enhance the surroundings and 
cleanse surface runoff at the same time.

A rain garden will be implemented next to the activity 
plaza on the first storey to allow residents to enjoy the 
view while having a party or gathering with family and 
friends. There will be seating spaces and educational 
signage next to the rain garden.

Two other rain gardens are planned at the roof top to 
collect and cleanse stormwater before they reach the 
ground and is surrounded by a multi-purpose lawn. 
In addition, a biological pond with wetland plants is 
planned next to the clubhouse. 

The project is scheduled to be completed by 2015 and 
has been awarded the ABC Waters Certification.

Fig. 9.29 View of Vacanza @ East from the Pan Island Expressway (PIE)
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Key Design Features 

• Rain gardens
 Being a sustainable green solution to cleanse 

the surface runoff, the three rain gardens in the 
development with a total size of about 140m2  
beautifies the surrounding with greenery and 
encourages habitat creation and biodiversity in the 
development. 

• Green roofs
 There are two multipurpose lawns built at the car 

park roof level to increase permeable area at the car 
park roof.  A 6m green wall will be built to beautify 
the car park facade and reduce building heat.  

• Biopond
 There is a 500mm deep biopond with wetland 

plants next to the clubhouse to cleanse runoff. 
Besides improving water quality, the 30m2 biopond 
establishes a micro-ecological system within 
the compound. A seat wall at the biopond is also 
designed to be undulating to complement the 
lively biological pond that sustains aquatic plants 
and small fishes. The plantings inside the biopond 
include Cyperus papyrus, Thalia geniculata, Bacopa 
caroliniana and Typha angustifolia.

Fig. 9.30 An internal view of the development 
showing the rain garden
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