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Surface Water 
Runoff
When rain falls on a natural 
landscape, it soaks into the 
ground infiltration, 
evaporates, is taken up by 
plants evapotranspiration 
and some of it eventually 
finds its way into streams 
and rivers.

Presenter Notes
Presentation Notes
These stages of the water cycle can be impeded when land is altered by development.
On greenfield sites a relatively low percentage of rainfall flows from the surface to watercourses such as rivers or streams.
The presence of grass and other vegetation slows down the surface flow to the watercourses. 




Surface Water 
Runoff
In urban areas, there tends to be 
less permeable ground available 
for infiltration and less vegetation 
for evapotranspiration. 

When rain falls on impermeable 
surfaces, much more of it turns 
into surface water runoff. 

Presenter Notes
Presentation Notes
When sites are developed, impervious surfaces (e.g. hard roofs and roads) reduces infiltration, and evapotranspiration and the amount of vegetation are also reduced.

As cities grow, the amount of land we cover with impermeable surfaces such as tarmac, increases. As our climate changes, it is predicted that we will get more extreme weather including severe rain storms.



Traditional 
Drainage
Surface water drainage has traditionally been 
designed using underground pipes. 

These were designed to improve public 
health and protect properties from flooding.

However, many older surface water systems 
drain to combined sewers which were not 
designed to accommodate today’s volume of 
rainwater. 

When extreme rainfall occurs and the drains 
surcharge, foul sewage can flood urban 
areas.  

Presenter Notes
Presentation Notes
BY removing water from an area. 



Presenter Notes
Presentation Notes
Combined sewerage systems are common in the UK.
This means sewage water and surface water flow into the same pipe system before travelling to a treatment plant. 
A basic requirement of combined sewerage systems is that they need to cater for all normal local climatic conditions
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Principle of SUDS
SUDS is about managing runoff. 

When rainfall occurs faster than water 
can infiltrate into the ground it becomes 
surface runoff. 

The aim of SUDS is to return the post-
development runoff, infiltration and 
evapotranspiration to as near natural 
conditions as possible, thereby 
minimising the adverse effects of built-
up areas on the water environment.

Presenter Notes
Presentation Notes
In the UK, the Environment Agency may set requirements for sites to reduce runoff as part of a sustainable drainage strategy or to contribute towards mitigating flood risk. 





Benefits 
of SUDS

SUDS 
Design

Water 
Quality 

Biodiversity

Amenity

Water 
Quantity

There are four main categories 
of benefits that can be 
achieved by SUDS: 

Presenter Notes
Presentation Notes
Control the quantity of runoff to
Support the management of flood risk
Maintain and protect the natural water cycle
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Water Quantity
• SUDS help manage surface water runoff by mimicking natural drainage 

processes.

• Instead of water flowing rapidly into sewers and rivers, SUDS slow down and 
control water movement, reducing the risk of overwhelming drainage systems.

• Techniques such as permeable pavements, retention ponds, and green roofs 
allow water to infiltrate the ground or be stored temporarily.

• This is especially important in urban areas, where impermeable surfaces (like 
concrete and asphalt) increase runoff and contribute to flooding.



Water Quantity
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There are four main categories 
of benefits that can be 
achieved by SUDS: 

Presenter Notes
Presentation Notes
Manage the quality of the runoff to prevent pollution.
For example, in a car park rainwater run
off may contain oil, heavy metals, and debris
Some SUDS components provide water quality improvement by reducing sediment and contaminants from runoff either through settlement or biological breakdown of pollutants. 



Water Quality
• Urban runoff often contains pollutants such as oils, heavy metals, and 

chemicals from roads and industrial areas.

• SUDS systems filter and break down contaminants before the water reaches 
rivers, lakes, or groundwater supplies.

• Features like wetlands, reed beds, and bio-retention basins help remove 
sediments and absorb pollutants naturally.

• This leads to cleaner water entering the environment, benefiting both human 
populations and aquatic ecosystems.



Water Quality
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of SUDS
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There are four main categories 
of benefits that can be 
achieved by SUDS: 

Presenter Notes
Presentation Notes
Create and sustain better places for nature
Increasing pressure on planners and developers to deliver green infrastructure. 



Biodiversity
• By incorporating green infrastructure, SUDS provide new habitats for plants, 

insects, birds, and aquatic life.

• Wetlands, ponds, and vegetated swales create rich ecosystems that support a 
wide range of species.

• These features enhance biodiversity in urban areas, which often suffer from 
habitat loss due to development.

• They also help connect green spaces, allowing wildlife to move more freely and 
improving ecological resilience.
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Water 
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Water 
Quantity

There are four main categories 
of benefits that can be 
achieved by SUDS: 

Presenter Notes
Presentation Notes
Create and sustain better places for people



Amenity
• SUDS contribute to more attractive and enjoyable urban environments by 

integrating greenery and water features into the landscape.

• Features like rain gardens, ponds, and swales create pleasant spaces for people 
to relax, exercise, and enjoy nature.

• Green infrastructure has been shown to reduce stress, improve mental health, 
and increase social interaction in communities.

• Additionally, well-designed SUDS can increase property values and attract 
businesses by making areas more visually appealing and desirable.



Amenity



Vehicle 
Access

Site 
Management

Temporary 
Facilities

Heavy Plant 
& Machinery

Materials 
Storage

Maintain 
Services

Phasing of 
Works

Managing 
Runoff Cut and Fill

How construction planning affects SUDS?

Early consideration of SUDS in the construction planning process is important to ensure successful 
delivery. 

Construction planning on a site is influenced by many factors that are not necessarily linked to 
SUDS but could affect their construction or function. 

Presenter Notes
Presentation Notes
Vehicle Access around the site during construction
Site management for efficient construction
Location of temporary site facilities
Location of cranes and heavy plant or machinery
Storage of materials
The need to provide or maintain services to the site or retain buildings during construction
Phasing or sequencing of works
Managing surface water during construction
Cut and fill across site to establish new levers, and the short and/or long term storage of soils.



Retention of 
Features / 

Trees / 
Habitats

Maintenance 
of 

Watercourses

Prevention of 
Pollution 

Prevention of 
Downstream 

Flooding

Seasonality of 
Planting

How construction planning affects SUDS?

Environmental issues both on- and off-site can add further legislative and practical constraints so 
must be considered during the planning of SUDS construction

Presenter Notes
Presentation Notes
Restrictions on works or access around archeological features, trees or habitats designated for retention to avoid damage to them
Maintenance of existing watercourses
Prevention of pollution
Prevention of downstream flooding caused by construction works
Seasonality of planting works. 

Many of these constraints can also affect the ability of the SUDS to be built and maintained in good condition throughout the construction works – the potential for them to be damaged through site pollution, compaction or other causes is high. 



How SUDS affects 
construction planning?
Construction of traditional drainage follows 
well defined procedures. 

It is usually constructed early in the 
construction process before superstructures 
are built.  

This can therefore be used to help drainage 
on the site during construction. 

Presenter Notes
Presentation Notes
Pipe gradients, bedding materials, backfill and cover depths. 
There is regulatory requirement to ensure that water discharging from site is free from pollution and silt. These systems can easily be cleaned. 



How SUDS affects 
construction planning?
For SUDS that are surface components, the 
levels, slopes and soil structure  are crucial 
for their performance. 

Although SUDS can be installed early in a 
construction programme, they may have 
exposed surfaces, materials and vegetation 
that are prone to clogging by mud and silt. 

Presenter Notes
Presentation Notes
Considering SUDS at the start of the construction planning process is crucial to ensure successful delivery. 



How SUDS affects 
construction planning?
SUDS generally require the land they are 
constructed on to be isolated from the 
construction process to prevent damage.

Vegetated SUDS require the planting to be 
sufficiently established before being used.  

Presenter Notes
Presentation Notes
Compaction, pollution, erosion, silt or sediments. 

Considering SUDS at the start of the construction planning process is crucial to ensure successful delivery. 



Pre-construction
Before work starts, it is important to 
have a full understanding of the site in 
its predevelopment condition, what 
needs to be constructed and how it will 
be built. 



Pre-construction
Before work starts, it is important to 
have a full understanding of the site in 
its predevelopment condition, what 
needs to be constructed and how it will 
be built. 

• Full topographic survey 

Presenter Notes
Presentation Notes
Full topographic survey of the existing site, with contours to record levels at 500mm intervals as a minimum for large greenfield sites (for small/urban/very flat sites closer intervals may be required. 
Spot levels for on-site surface features and changes in level. 



Pre-construction
Before work starts, it is important to 
have a full understanding of the site in 
its predevelopment condition, what 
needs to be constructed and how it will 
be built. 

• Services information

Presenter Notes
Presentation Notes
Details of all above and below ground services, with invert levels for manholes, and detailed services information from statutory and utility providers



Pre-construction
Before work starts, it is important to 
have a full understanding of the site in 
its predevelopment condition, what 
needs to be constructed and how it will 
be built. 

• Protected features

Presenter Notes
Presentation Notes
Trees / vegetation / protected species or any historic or archeological features to be protected on site, the location / extent of the protection required. 



Pre-construction
Before work starts, it is important to 
have a full understanding of the site in 
its predevelopment condition, what 
needs to be constructed and how it will 
be built. 

• Drainage information

Presenter Notes
Presentation Notes
Depth and size of existing surface water pipework / sewers and current/ historic information regarding drains, ditches or watercourses into which SUDS will be connected. 



Pre-construction
Before work starts, it is important to 
have a full understanding of the site in 
its predevelopment condition, what 
needs to be constructed and how it will 
be built. 

• Higher adjacent land

Presenter Notes
Presentation Notes
Awareness of the potential impact of water flowing into the site from higher adjacent land



Pre-construction
Before work starts, it is important to 
have a full understanding of the site in 
its predevelopment condition, what 
needs to be constructed and how it will 
be built. 

• Infiltration information

Presenter Notes
Presentation Notes
The site investigation report including full infiltration tests, with trial holes in areas where infiltration is planned. 



Pre-construction
Before work starts, it is important to 
have a full understanding of the site in 
its predevelopment condition, what 
needs to be constructed and how it will 
be built. 

• Historic Information

Presenter Notes
Presentation Notes
Information on previous land use that could affect the work, including contamination of the site or groundwater levels. 



Designing SUDS 
Based on site characteristics and project goals, SUDS components can be selected. These typically 
fall into four categories:

Prevention

• Living Roofs
• Rainwater 

Harvesting
• Permeable 

Pavements

Infiltration

•Soakaways
Infiltration 
Systems
Rain Gardens

Conveyance

• Swales
• Filter Drains

Storage

• Detention 
Basins

• Retention 
Basins 

• Constructed 
Wetlands



Living Roofs
Living roofs (often referred to as ‘green’ or ‘brown’ roofs) are rooftops planted with 
vegetation and provide habitat for insects and birds. 

They can be used to reduce the volume and rate of runoff. There are two main types:



Living Roofs
Intensive living roofs: a deep layer of soil (up to 1.5 m) to support a variety of plants such as flowers and shrubs, but 
requiring regular maintenance. 

Intensive roof gardens can grow a range of plants, even trees and shrubs can provide a rich habitat for wildlife.



Living Roofs
Extensive living roofs: lightweight, often with shallower growing material, requiring little maintenance (e.g. mosses, 
sedums, grasses, succulents and herbs). 

The type of growing medium chosen affects the type of habitat created, which may reflect the building’s surroundings. 



Living Roofs



Living Roofs
Blue roofs are specifically designed to 
provide attenuation of stormwater by 
allowing water to be held on the roof 
for a defined period, before slowly 
releasing the water into the drainage 
system.  

Presenter Notes
Presentation Notes
Blue roofs can avoid the need for space-hungry attenuation tanks or other attenuation within or below
the building.
The application of blue roofs has to be carefully considered against the risks of holding a volume of
water on the roof and the potential risks of damage to the roof membrane. There are proprietary
systems and methods available that provide a complete roofing solution and corresponding warranties
to help mitigate these risks.
Structural loadings for blue roofs should be reviewed with the structural engineer. In the UK, the amount of water storage is typically restricted to the structural loading that is already accounted for in order to accommodate snow loads, so it can be possible to provide blue roofs without incurring additional structure.




Rainwater Harvesting

Rainwater harvesting is the collection 
of rainwater for use on site. 

Water for use is normally collected 
from roofs, and other impermeable 
areas. 

The water is collected in a tank, 
treated where necessary and then 
used as a supply of water. 



Permeable Pavements

Permeable pavements is different to 
normal paving by allowing water to 
soak through gaps to the subsurface 
below. 

The water can either soak into the 
ground or can be collected by 
collected in perforated pipes. 

Presenter Notes
Presentation Notes
The most common surface is concrete block permeable paving, but other modular surfacing materials
can also be used clay pavers, natural stone etc. 
All types of surface have widened joints filled with grit to allow water into the underlying bedding layer and
sub-base.
Porous asphalt can be used as an independent surface or to provide a stronger base to concrete block
permeable pavements where it is to be trafficked frequently by trucks. Porous asphalt surfacing reduces
traffic noise
Porous concrete can be used as a surfacing material or to provide improved structural stability to the
base of concrete block permeable pavements where it is to be trafficked fre􀁔uently by trucks
Resin bound gravel provides a wide range of finish colours, which makes it attractive for use in public,
recreational spaces
Grass reinforcement uses plastic or concrete grids
infilled with grass or gravel.
This type of pavement is most suitable for lightly trafficked locations, especially where it only has
seasonal use, so that the grass has time to recover.




Permeable Pavements



Permeable Pavements

Presenter Notes
Presentation Notes
Total Infiltration



Permeable Pavements

Presenter Notes
Presentation Notes
Partial  Infiltration



Permeable Pavements

Presenter Notes
Presentation Notes
No Infiltration



Permeable Pavements

Presenter Notes
Presentation Notes
No Infiltration



Permeable Pavements

Presenter Notes
Presentation Notes
No Infiltration



Soakaways and Infiltration Systems

Infiltration components are used to 
capture surface water runoff and 
allow it to infiltrate (soak) and filter 
through to the subsoil layer, before 
returning it to the water table below. 



Presenter Notes
Presentation Notes
An infiltration trench, usually filled with permeable granular material is designed to promote infiltration of surface water to the ground. An infiltration basin (figure 1) is a dry basin or depression designed to promote infiltration of surface water runoff into the ground. Plants in an infiltration basin should be able to withstand periods of ponding and dry periods and, ideally, maintain or enhance the pore space in the underlying soils via deep rooting systems.



Presenter Notes
Presentation Notes
Soakaways are excavations that are filled with a void􀀐forming material that allows
the temporary storage of water before it soaks into the ground. 􀀫istorically, small
soakaways draining runoff from a single property were either filled with rubble or lined
with brickwork and were sited below gardens and drives with no formal provision for
access and inspection.
Larger soakaways may be constructed with perforated precast concrete manhole rings
surrounded with granular backfill or using geocellular structures 􀀋Chapter 21􀀌. Concrete
manhole soakaways have the advantage of access for inspection and ma



Rain Gardens 

A rain garden is a shallow, 
landscaped depression designed to 
capture, slow, and filter rainwater 
runoff from roofs, driveways, roads, 
and other hard surfaces. 

It allows water to infiltrate into the 
ground naturally, reducing flooding, 
erosion, and pollution while 
supporting biodiversity.

Presenter Notes
Presentation Notes
A rain garden (figure 2) is very similar to a bioretention area, except that it does not have engineering soils and does not provide as much water treatment. A rain garden is primarily used to manage runoff from roofs (and relatively unpolluted areas).





Swales

Swales are shallow, flat bottomed, 
vegetated open channels designed to 
convey, treat and often attenuate 
surface water runoff.

The standard swale channel is broad 
and shallow and covered by 
vegetation, usually grass, to slow the 
water, facilitating sedimentation, 
filtration through the root zone and 
soil matrix, evapotranspiration and 
infiltration into the underlying soil.



Swales

Presenter Notes
Presentation Notes
The conveyance swale is a shallow vegetated channel (Figure 17.1). These are
particularly effective ways of collecting and conveying runoff from the drained area to
another stage of the 􀀶u􀀧􀀶 􀀰anagement 􀀷rain. 􀀷hey can be designed for treatment and􀀒
or attenuation 􀀋where re􀁔uired􀀌, depending on the level of 􀃀ow constraint and ponding
depths delivered by the design.



Swales

Presenter Notes
Presentation Notes
􀀷he dry swale is a vegetated conveyance channel, designed to include a filter bed of prepared soil
that overlays an underdrain system (Figure 17.2). This underdrain provides additional treatment and
conveyance capacity beneath the base of the swale, and prevents waterlogging. 􀀷o prevent infiltration, or
where groundwater levels are high, a liner could be introduced at the base.
􀀷his system is e􀁔uivalent to the conveyance swale, but is designed specifically to deliver wet and􀀒or
marshy conditions in the base 􀀋Figure 17.3􀀌. 􀀷hey can be used where sites are very 􀃀at and soils are
poorly drained and􀀒or to deliver the functionality or amenity or biodiversity re􀁔uirements of a longitudinal
pond􀀒wetland component. 􀀶pecific wetland planting will be re􀁔uired for the swale base



Filter Drains

A filter drain is a trench-based drainage 
system, typically filled with gravel or 
other porous materials, and equipped 
with perforated pipes that help collect, 
filter, and redirect surface water runoff.

The water is filtered as it passes through 
the gravel, which helps remove 
contaminants (like oil, debris, and 
pollutants) before the water is released 
into a drainage system or natural 
environment.



Filter Drains



Detention Basins 

A detention basin is a type of stormwater 
management facility designed to temporarily 
store and control the release of stormwater 
runoff. 

A detention basin only holds water for a 
short period (typically a few hours) before it 
is gradually released to prevent flooding and 
erosion downstream.

The goal of a detention basin is to slow down 
the flow of stormwater and provide time for 
excess runoff to be safely released into a 
drainage system or natural waterway.

Presenter Notes
Presentation Notes
Detention basins are landscaped depressions that are normally dry except during and
immediately following storm events. They can be on-line components where surface
runoff from regular events is routed through the basin and when the 􀃀ows rise, because
the outlet is restricted, the basin fills and provides storage of runoff and 􀃀ow attenuation.
􀀷hey can also be off􀀐line components into which runoff is diverted once 􀃀ows reach a
specified threshol



Presenter Notes
Presentation Notes
The maximum depth of water in the basin should not normally exceed 2 m in the most extreme design
event. 􀀫owever, many authorities will re􀁔uire a much lower maximum depth, for safety reasons.



Presenter Notes
Presentation Notes
The maximum depth of water in the basin should not normally exceed 2 m in the most extreme design
event. 􀀫owever, many authorities will re􀁔uire a much lower maximum depth, for safety reasons.



Retention Basins 

A retention basin is a type of stormwater 
management facility designed to 
temporarily store and manage excess 
stormwater. 

It holds water for an extended period, 
allowing it to slowly release or infiltrate 
into the ground, reducing flood risk and 
improving water quality. 

Unlike detention basins (which only 
temporarily store water), retention 
basins typically maintain a permanent 
pool of water.

Presenter Notes
Presentation Notes
Water Collection: Water from nearby surfaces (such as parking lots, roads, or industrial sites) flows into the filter drain, typically through surface inlets or overland flow.Filtration: The water enters a trench lined with gravel or a similar granular material that helps remove sediment and contaminants from the water. The perforated pipes allow water to flow through the gravel, further filtering it.Drainage: After filtering, the water is directed through the pipe system, eventually discharging into another drainage system or natural outlet, such as a soakaway or a stormwater collection area.



Wetlands

Ponds and wetlands are features with 
a permanent pool of water that 
provide both attenuation and 
treatment of surface water runoff. 

They can support emergent and 
submerged aquatic vegetation along 
their shoreline and in shallow, 
marshy (wetland) zones, which helps 
enhance treatment processes and 
has amenity and biodiversity 
benefits.



Technique Best For Water 
Quantity

Water 
Quality

Biodiversity Amenity Cost Maintenance

Green Roofs Urban Areas Medium Medium High Medium High Medium

Rainwater 
Harvesting

Residential & 
Commercial

Low High Low Low Medium Low

Permeable 
Pavements

Roads / Car 
Parking

High Medium Low Low Medium Low

Soakaways Gardens & 
Small Sites

Medium Medium Low Low Low Medium

Infiltration 
Systems

Roadsides & 
Car Parking 

High Medium Low Low Medium Mediun

Swales Roadsides & 
Car Parking 

High Medium Medium Medium Low Low

Rain Gardens Urban Areas Medium High High High Medium Medium

Retention 
Basins

Large Scale 
Projects

High High High High High High

Constructed 
Wetlands

Large Scale 
Projects

High High High High High High
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