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Summary

This guidance covers the planning, design, construction and maintenance of Sustainable Drainage
Systems (SuDS) to assist with their effective implementation within both new and existing developments.
It looks at how to maximise amenity and biodiversity benefits, and deliver the key objectives of managing
flood risk and water quality. There is also supporting information covering topics such as materials,
landscape design, maintenance, community engagement and costs and benefits.

The information presented in this publication is a compendium of good practice, based on existing
guidance and research both in the UK and internationally, and the practical experience of the authors,
project steering group and industry.

This guidance provides the framework for designing SuDS with confidence and to maximise benefits. Its
contents are relevant for a wide-range of professions and roles and it highlights that through engagement
and collaboration SuDS can be integrated into the design of urban areas, to create high quality places for
future generations.

The key message is that SuDS should be designed to maximise the opportunities and benefits that can
be secured from surface water management.

The SuDS Manual iii
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Foreword

When the first SuDS Manual was published in 2007, SuDS was still in its infancy in the UK. Technical
advice on design and construction was sparse and spread across many separate publications. For the
first time the original SuDS Manual placed this information in one place, making it a valuable resource

for anyone engaged in SuDS delivery. Yet for guidance and examples we still had to rely a great deal on
schemes from other countries where the implementation of SuDS was far more advanced. Since that
time SuDS implementation has moved on a great deal in the UK. There are now plenty of examples from
all the UK nations that demonstrate the benefits to be gained from SuDS and these offer reliable and
detailed recommendations for their planning, design, construction, maintenance and operation. The world
of SuDS has indeed moved on. So it is timely that a new edition of the SuDS Manual is now available. Not
only does this new edition update the extensive technical information, it includes new guidance on SuDS
components and the delivery of SuDS in a variety of situations.

It should be clear from the engaging examples in this Manual that SuDS provide real benefits to society
and to the environment, moving surface water from a problem to a valuable resource. For the first time

the guidance includes how to plan for and manage extreme rain events so that communities can be more
resilient to flooding. There are some excellent examples that demonstrate how good design can deliver

far more appealing places in which to live and work, and this, in time, should lead to properties that have
improved value and are easier to insure. Provided that drainage is considered early enough in the outline
design of a new development then there is no reason why SuDS should not become the norm everywhere.

The Manual is primarily aimed at UK applications, though it will be of interest to all engaged in drainage
work globally. It recognises the need for better information and engagement for those involved in the
development process, from planners, landscape architects, designers, engineers, architects and in some
instances the community. It is structured in a way that allows easy access whether it be for high level
appreciation of the concepts only, or for detailed design guidance.

| am grateful to the members of the project steering group who reviewed and contributed to this important
work, and to the energy and effectiveness of the project team. They have delivered a master-piece of
technical guidance that will last for many years. | thoroughly recommend it to you.

David Balmforth
Chairman, project steering group
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Executive summary

WHY SUDS?

Surface water should be managed for maximum benefit, now and in the future. By working
together we can integrate surface water management into the design of our towns and
cities, protecting our environment and creating high quality places for future generations.

Why is managing surface water runoff so important?

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.

These stages of the water cycle can be impeded when land is altered by development.
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, which can cause flooding, pollution and
erosion problems.

Research shows that, if we don’t change the way that we design our urban areas and
manage surface water runoff more effectively, these problems are going to get worse.
Climate change projections show it is likely that heavy rainfall and flooding will become
more frequent. Continuing to provide new sewer capacity to cope with these growing
risks is unaffordable.
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Climate change projections also suggest that water shortages will become more
frequent, especially in the south-east of England where demand is rising due to a
growing population. This will increase pressure on our existing water supplies and
we will need to find ways to be more efficient and creative in capturing and using the
rainwater that falls on our urban areas.

As well as contributing to more surface water runoff, increasing urbanisation has also
reduced wildlife in urban areas. Where green spaces exist, these are often isolated
from each other, which means that wildlife habitats become fragmented, preventing
some species from being able to move between them. Eventually this leads to some
species being lost from our green spaces, to the detriment of the local ecosystem and
the human population.
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What are SuDS?

Sustainable drainage systems (SuDS) are designed to maximise the opportunities and benefits we can
secure from surface water management.

There are four main categories of benefits that can be achieved by SuDS: water quantity, water quality,
amenity and biodiversity. These are referred to as the four pillars of SuDS design.

SuDS can take many forms, both above and below ground. Some types of SuDS include planting, others
include proprietary/manufactured products. In general terms, SuDS that are designed to manage and use
rainwater close to where it falls, on the surface and incorporating vegetation, tend to provide the greatest
benefits. Most SuDS schemes use a combination of SuDS components to achieve the overall design
objectives for the site.

Control the quantity Manage the quality of
of runoff to the runoff to prevent

pollution
» support the management of

flood risk, and

* maintain and protect
the natural water
cycle

Biodiversity

Create and sustain Create and sustain
better places for better places for
people nature
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Some examples of SuDS:
= Rainwater harvesting systems can collect rainwater from roofs and other paved surfaces for use
on site.

= Green roofs, where a planted soil layer is constructed on a roof to create a living surface, can reduce
surface runoff.

= Pervious pavements provide a hard surface that can be used for pedestrians or vehicles, while
allowing rainwater to pass through to the soil or underground storage.

= Bioretention systems (including rain gardens) collect runoff, allowing it to pond temporarily on the
surface before filtering through vegetation and underlying soils.

= Trees capture rainwater and provide evapotranspiration, biodiversity and shade.

= Swales, detention basins, ponds and wetlands slow the flow of water, store and treat runoff while
draining it through the site and encouraging biodiversity.

= Soakaways and infiltration basins promote infiltration as an effective means of controlling runoff and
supporting groundwater recharge.

What are the benefits of SuDS?

SuDS deliver high quality drainage while supporting urban areas to cope better with severe rainfall
both now and in the future. SuDS also help counteract some of the impacts on our water cycle
caused by increased urbanisation, such as reduced infiltration which in turn can result in diminished
groundwater supplies.

SuDS can improve the quality of life in developments and urban spaces by making them more vibrant,
visually attractive, sustainable and more resilient to change, by improving urban air quality, regulating
building temperatures, reducing noise and delivering recreation and education opportunities. High quality
SuDS designs that are integrated into the overall design of the development can attract tourism and
investment, driving economic growth for the local area.

Where SuDS are designed to make efficient use of the space available, they can often cost less to
implement than underground piped systems.

Where can you use SuDS?
SuDS can be used anywhere. SuDS can be used for new developments and redevelopments, and can be
retrofitted into existing developments.

SuDS can be used in even the smallest spaces. Good SuDS design maximises the use of the available
space by delivering efficient drainage together with other functions to help meet the objectives of the site.
For example:

= pervious pavements can be used for parking

= rain gardens can be incorporated into traffic calming measures

= detention basins can also have recreational uses

= trees and green roofs can help to regulate building temperatures.
Most sites pose challenges of one sort or another, but the range of SuDS components and solutions
available means that, with the timely engagement of the right expertise, effective SuDS schemes can be
delivered for all developments. This includes:

= high density development sites

= steeply sloping sites

Part A: Executive summary
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= flat sites

= sites with high groundwater levels
= sites within floodplains

= contaminated land sites

= sites with low infiltration capacity

= sites with unstable soils.
The three keys to successful SuDS implementation:

Consider how surface water runoff will be managed on your site from the start, and make it an
integral part of the design process.

/’) Put the right team together early in the process, so that urban planning, landscape architecture,
architecture, drainage design and environmental aspects can be considered collectively.

Consult with relevant stakeholders early in the process, including the local planning authority,
environmental regulator and those with responsibility for approving and maintaining the SuDS.

How do you design SuDS?
SuDS design should follow the guidance provided in the SuDS Manual, with due regard for any national
or local regulatory requirements.

SuDS design should, as much as possible, be based around the following:

= using surface water runoff as a resource

= managing rainwater close to where it falls

= managing runoff on the surface

= allowing rainwater to soak into the ground

= promoting evapotranspiration

= slowing and storing runoff to mimic natural runoff characteristics

= reducing contamination of runoff through pollution prevention and controlling the runoff at source

= treating runoff to reduce the risk of urban contaminants causing environmental pollution.

Where to find further information
= A digital version of The SuDS Manual can be found at www.ciria.org

= A range of resources for those involved in delivering SuDS, including case studies, videos,
presentations, fact sheets and links to research, can be found at: www.susdrain.org

Executive summary 9
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Introduction to the SuDS
Manual

SCOPE OF GUIDANCE

This guidance covers the planning, design, construction and maintenance of
sustainable drainage systems (SuDS) to assist with their effective implementation within
both new and existing developments. The guidance looks at how to maximise amenity
and biodiversity benefits, and deliver the key objectives of managing flood risk and
water quality. There is also supporting information covering topics such as materials,
landscape design, community engagement and costs and benefits.

The guidance presented in this publication is a compendium of good practice, based
on existing guidance and research in the UK and internationally and the practical
experience of the authors, the project steering group and industry.

As experience of SuDS implementation and long-term maintenance continues to
increase across the UK, lessons will continue to be learned. Also, continuing research
on SuDS performance, both in the UK and internationally, will influence how design
practice evolves. This guidance, however, provides a framework for designing SuDS
with confidence and to maximise benefits.

The guidance is relevant for a wide range of professions and roles, including (in no
particular order):

= drainage and flood risk management engineers

= architects and landscape architects

= planners and urban designers

= site owners and developers

= planning and drainage approval bodies

= environmental regulators

= ecologists

= highways and road authorities

= sewerage undertakers

= drainage and landscape contractors

= proprietary drainage and other product manufacturers.
This manual is divided into five sections and is colour coded based on these sections.
It starts with a high-level overview and progresses into more detailed guidance in the

later sections. The sections have different intended audiences, so the level of technical
understanding expected of the reader increases through the manual.

Part A: Introduction to the SuDS Manual
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Philosophy and Approach

High to intermediate level

Intermediate to
detall level

Technical Detall

Supporting Guldance

Readers new to SuDS should focus initially on Parts A to C, before referring to Parts D and E for
further information.

Readers familiar with SuDS are still advised to read all sections at least once, rather than just relying on
Parts D and E to provide the guidance needed for detailed design. This is because the concepts covered
in Parts D and E are introduced in Parts B and C, and it is important to understand the underpinning
philosophy and approach.

The appendices provide detailed frameworks and checklists covering health and safety, design and
construction. There is also a design example (Appendix C), which presents a hypothetical development
site, to demonstrate the design process and the detailed design of individual SuDS components.
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2. What is good SuDS design?

3. How do you plan and design a SuDS scheme?

4. How do you design Individual SuDS components?

5. How do you calculate the hydraullc requirements
for the site? (runoff rates, infiltratlon rates,
storage volumes etc)

6. How do you limit pollution and manage water
quality?

7. How do you ensure that the scheme is
constructed and maintained effectively and
functions as designed?

8. How do you Involve the community?

8. How do you assess the costs and benefits of vour
scheme?

10. How do you keep health and safety risks low?

CIRIA SuDS Manual 2015

Why SuDS?
Chapter 1:

Chapter 2:
Chapter 3:
Chapter 4:
Chapter 5:
Chapter 6:

Chapter 7: The SuDS design process

Chapter B: Designing for specific site conditions
Chapter 9: Designing for roads

Chapter 10: Designing for the wrban envirenment

an |
Chapter 2
Appendix C:

pter 26:

Chapter 27;
Appendix C:

Chapter 28:
Chapter 29
Chapter 30
Chapter 3
Chapter 3
Chapter 33:

Chapter 35 and benefits

Chapter 36: Health and safety

Part A: Introduction to the SuDS Manual




CIRIA SuDS Manual 2015

Relationship to other guidance

This publication replaces the original SuDS Manual (Woods Ballard et al, 2007).

This document does not include detailed information on planning requirements, SuDS approval and adoption
processes or standards. These vary depending on region and should always be sourced and referred to early
in the design process. National or (where appropriately adopted) local requirements may take precedence
over the guidance set out in this manual, and this should be checked with the relevant planning, approving and

maintenance bodies.

Also, this document does not cover in detail the specific technical challenges and planning issues
associated with replacing piped drainage systems with SuDS at existing development sites (retrofitting).
However, the design of retrofit SuDS should follow the same overall approach. Guidance specifically
related to retrofitting can be found in Digman et al (2012).

SuDS is a key part of water sensitive urban design (WSUD), integrating the management of surface water
runoff into the urban form (Abbott et al, 2013). However, WSUD has a broader consideration of the whole
water cycle (ie including wastewater and water supply) and of the wider integration of development with
watercourses and flood pathways, as part of an overall strategy within planning and urban design. In all
other aspects, the aspirations and objectives are the same.

Document title

Description

Creating water sensitive places — scoping the
potential for water sensitive urban design in the
UK, CIRIA C724 (Abbott et al, 2013)

Provides details of the drivers, benefits and vision of WSUD
in the UK.

Planning for SuDS — making it happen, CIRIA
C687 (Dickie et al, 2010)

Provides information about the planning, master planning and
development process and how they can be effectively used to
deliver a more sustainable approach to drainage.

Retrofitting urban areas to effectively manage
surface water, CIRIA C713 (Digman et al, 2012)

Provides guidance on how to retrofit surface water
management measures into the urban environment, either
as part of a strategic programme of work or by realising
opportunities incrementally as they arise.

Designing for exceedance in urban drainage —
good practice, CIRIA C635 (Balmforth et al, 2006)

Provides best practice advice for the design and management
of urban sewerage and drainage systems to reduce the impacts
that arise when flows occur that exceed their capacity.

Managing urban flooding from heavy rainfall
— encouraging the uptake of designing for
exceedance, CIRIA C738 (Digman et al, 2014)

Provides examples and ideas in a collection of case studies,
plus lessons and success factors. Also provides a literature
review of contemporary thinking in the UK and internationally
regarding designing for exceedance.

Sustainable drainage systems: Maximising the
potential for people and wildlife. A guide for local
authorities and developers (Graham et al, 2012)

Describes how to maximise the biodiversity potential of
SuDS and identifies a set of design criteria and the design
features required to deliver these benefits; it also covers
long-term management.

Water, people, places. A guide for master planning
SuDS into developments (AECOM, 2013)

Outlines the process for integrating SuDS into the master
planning of large and small developments.

BS 8582:2013 Code of practice for surface water
management for development sites

Provides recommendations on the planning, design,
construction and maintenance of surface water management
systems for new developments and redevelopment sites.

Design manual for roads and bridges (DMRB)
(Highways Agency, 2014)

Introduced in 1992 in England and Wales and then in
Scotland and Northern Ireland, this provides a comprehensive
manual system containing current standards, advice notes
and other published documents related to trunk road works
(including drainage).
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There are many other guidance documents or design manuals for SuDS in the UK (including several CIRIA
publications) that should be referred to for information on specific topics. These are referenced at the end of
the chapters, but some of the key documents are listed below. The susdrain website provides a platform for
sharing the latest good practice, and it highlights other relevant initiatives: www.susdrain.org
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The philosophy of SuDS

This chapter discusses how SuDS can deliver multiple benefits, the
importance of managing surface water runoff in a sustainable way and
what makes a drainage system sustainable.

» Chapters 2—10 provide further details of the concepts introduced here.

11 DELIVERING MULTIPLE BENEFITS

Sustainable drainage systems (SuDS) can deliver multiple benefits

Surface water is a valuable resource and this should be reflected in the way it is
managed and used in the built environment. It can add to and enhance biodiversity,
beauty, tranquillity and the natural aesthetic of buildings, places and landscapes and it
can help make them more resilient to the changing climate.

The philosophy of sustainable drainage systems is about maximising the benefits and
minimising the negative impacts of surface water runoff from developed areas.

The SuDS approach involves slowing down and reducing the quantity of surface water
runoff from a developed area to manage downstream flood risk, and reducing the risk of
that runoff causing pollution. This is achieved by harvesting, infiltrating, slowing, storing,
conveying and treating runoff on site and, where possible, on the surface rather than
underground. Water then becomes a much more visible and tangible part of the built
environment, which can be enjoyed by everyone.

By adopting this approach, SuDS have the opportunity to deliver and enhance the green
space within developments and link to wider green networks, supporting the provision of
habitats and places for wildlife to live and flourish. The benefits to the community of using
SuDS are also numerous, including improvements in health, well-being and quality of life
(liveability) for both individuals and communities, which in turn can increase the value of
property and the prosperity of the local economy (Box 1.1).

To maximise these benefits, surface water management should be considered from the
beginning of the development planning process and throughout — influencing site layout
and design, and the use and characteristics of urban spaces (see Case study 1.1). So itis
important that, where appropriate, an interdisciplinary team (including planners, landscape
architects, architects and drainage engineers) should work together from the outset.

There are many different ways that SuDS can be applied to deliver effective surface
water management that are both value for money and inspirational. Depending on
the opportunities and constraints of the site, the type of development planned and
the characteristics of the surrounding area, this can be through a combination of
components — open water, vegetated and hard landscaped, above and below ground.

SuDS can be used in even the smallest spaces — the apparent lack of space should never be
a reason for not using SuDS. Designing SuDS so that the space performs multiple functions

is particularly important in dense urban areas where space is at a premium (Box 1.2).

This manual provides guidance for designers to enable them to make informed choices
that suit their specific circumstances and maximise opportunities at reasonable cost.
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BOX Benefits of SuDS
11

= protecting people and property from increased flood risk resulting from the development

= protecting the quality of groundwater and surface waters from polluted runoff from the development

= protecting natural flow regimes (and thus the morphology and associated ecology) in rivers,
lakes and streams

= supporting local natural habitats and associated ecosystems by encouraging greater
biodiversity and linking habitats

= improving soil moisture and replenishing depleted groundwater levels
= providing society with a valuable supply of water

= creating attractive places where people want to live, work and play through the integration of
water and green spaces with the built environment

= improving people’s understanding of how runoff from their development is being managed and
used, and the benefits of more sustainable approaches

= supporting the creation of developments that are more able to cope with changes in climate

= delivering cost-effective infrastructure that uses fewer natural resources and has a smaller
whole-life carbon footprint than conventional drainage.

The Circle, Uptown Normal, lllinois

Figure 1.1 The Circle in Uptown Normal, lllinois, USA (courtesy Town of Normal)

The Circle is an award winning multi-functional public space located in a roundabout, providing green
space that hosts many community events, including farmers markets, blues festivals and arts festivals
(as shown in Figure 1.1). It collects runoff from surrounding streets to alleviate downstream flooding,
infiltrates, stores and treats the runoff, re-circulates the water into a public fountain that provides
cooling for the area and the space even abates surrounding vehicle noise.
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BOX The SuDS approach to managing surface water runoff
1.2

SuDS design should be based on the following, as much as possible, in order to maximise benefits:

= use surface water runoff as a resource

= manage rainwater close to where it falls (at source)

= manage runoff on the surface (above ground)

= allow rainwater to soak into the ground (infiltration)

= promote evapotranspiration

= slow and store runoff to mimic natural runoff rates and volumes

= reduce contamination of runoff through pollution prevention and by controlling the runoff at source
= treat runoff to reduce the risk of urban contaminants causing environmental pollution.

Depending on the characteristics of the site and local requirements, these may be used in
combination and to varying degrees.

1.2 MANAGING SURFACE WATER RUNOFF

SuDS aim to mimic natural hydrological processes

The SuDS approach uses natural hydrology as the baseline against which system performance is evaluated.

Urbanisation alters the natural landscape and affects catchment hydrological processes. The natural
water cycle maintains a balance of water circulation through evaporation, precipitation, infiltration/
groundwater recharge and absorption and transpiration by plants. Urbanisation reduces the permeability
of the land, replacing free draining ground with impermeable surfaces, such as roofs, roads, parking and
other hard-scaping. Development often removes the natural vegetation that intercepts, slows and returns
rainfall to the air, reduces the amount of water that can infiltrate into the ground, and this can significantly
increase the rate at which water runs off the surface.

Figure 1.2 illustrates the impacts of urbanisation on a catchment by reducing its permeability and
increasing surface water runoff.

The traditional method of draining surface water runoff from built-up areas, through underground pipe
and tank storage systems, was intended to protect public health and prevent local flooding by taking
the water away from source as quickly as possible. In many UK towns and cities, surface water runoff
drains to a combined sewer where it mixes with sewage. In such systems, this can place a significant
and unpredictable burden on wastewater treatment works, triggering some of the untreated sewage to
spill into receiving watercourses via combined sewer overflows (CSOs). Flooding (contaminated with
sewage) can also occur from surcharged manholes. In more recent developments, separate sewerage
networks have generally been provided for the foul and the surface water systems. The foul water is
piped to the wastewater treatment works, while the surface water is piped to the nearest watercourse.
These separate surface water sewers reduce the risk of CSO spills, but still transfer the pollutants
present in urban runoff (including potential misconnections) from the urban surface directly to receiving
waters. Although attenuation tanks and flow controls may sometimes be used to control increased peak
flow rates, changes in discharge frequencies and volumes are generally not addressed, and these can
lead to physical impacts such as erosion and disturbance to habitats and ecosystems.

In the natural landscape, habitats such as peat bogs and heather moorland, broadleaved woodland,
wildflower meadows and reed beds all serve as natural “sponges”, soaking up rainfall and filtering

out contaminants. In developed areas, well-designed SuDS landscapes can offer some of the same
opportunities by incorporating drainage elements such as green roofs, bioretention systems, wetlands
and ponds that use the same natural processes (Figure 1.3).
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Figure 1.2 Impacts of urbanisation on a catchment
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Grassland and wetland with native planting (courtesy Floating reed beds (courtesy Grant Associates)
Atelier Dreiseitl and GreenWorks)

Figure 1.3 SuDS using natural processes

SuDS are especially effective at restoring soil moisture and water balance, together with natural base
flows. SuDS aim to restore or preserve the ecologically important elements of the pre-development runoff
processes for a range of flow conditions from small to large rainfall events.

As surface water runoff washes over a developed catchment surface, it mobilises sediment, litter and

a wide range of pollutants related to human activities (such as oils, grits, metals, fertilisers, pesticides,
animal wastes, salts and pathogens). Without intervention, these eventually flow into rivers, groundwater
and the sea, posing a risk to the environment and public health. As the pollution is widespread and
comes from many types of sources and locations, it is known as “diffuse pollution” and although individual
sources may not pose a threat, collectively they can potentially lead to significant impacts on groundwater
or surface waters.

SuDS provide an opportunity to capture and treat runoff by intercepting, filtering and degrading pollutants,
and by reducing the volume of potentially contaminated runoff.

Surface based SuDS components enable:

= the use of natural treatment processes associated with vegetation and the action of sunlight

= easy identification of sources of contamination, both acute (eg accidental spills) and chronic (long-
term, ongoing pollution, including misconnections)

= cost-effective removal of trapped pollutant loads before they reach receiving waters

= cost-effective system remedial works.
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DELIVERING RESILIENCE

SuDS can cope well with severe rainfall, climate change and increasing urbanisation

There is strong evidence that the earth’s climate is changing because of human activity and that it will
continue to change over the coming century, whether or not emissions of greenhouse gases are cut
dramatically. Climate projections for the UK suggest that winters may become milder and wetter and
summers may become warmer, particularly in the south-east. Some types of extreme events may
become more frequent, such as heat waves, droughts and flooding, but due to the natural variability in the
earth’s weather and limitations with climate modelling, this is currently less certain.

Wetter winters and potentially more frequent and higher intensity rainfall events (in summer as well as
winter) are expected to increase runoff from urban and agricultural land. This in turn would increase
the risk of flooding, discharges from CSOs, diffuse pollution and soil erosion, with potentially negative
impacts for the natural environment as well as the human population.

These impacts could also be exacerbated by increased runoff from urban intensification/urban creep:
increasing density of development which increases the impermeability of developed areas, causing rates
and volumes of runoff to rise, such as paving over gardens, extending buildings or adding roads.

SuDS offer a robust approach to managing rainfall events that exceed design conditions: rainfall more
severe than allowed for in the system design. In surface based systems, water levels rise gradually and
visibly during large rainfall events. With SuDS, excess runoff can be readily conveyed from within the
drainage system into defined safe exceedance conveyance pathways and storage zones. This enables
communities to understand and prepare for flooding more effectively than when served by subsurface
systems, where flooding can occur suddenly, when the design capacity is exceeded.

SuDS also offer a more adaptable way of draining surfaces under the threat of both climate change and
urban intensification. This is because surface based systems can be designed to offer more flexible
capacity, and they tend to have greater potential for enhancement in the future at a reasonable cost
compared to subsurface systems.

Water availability in the summer is expected to decrease, the consequences of which are likely to be
exacerbated by higher temperatures. For example, lower flows in rivers in the summer months would

lead to reduced dilution of pollutants in runoff when summer rainfall events do occur. There may also be
more frequent algal blooms and eutrophication. At the same time, population growth and higher summer
temperatures are likely to lead to greater demand for water. The competing pressures of maintaining
public water supply without causing environmental damage need to be managed sustainably. SuDS can
help by supplementing water supplies through rainwater harvesting and reducing pollutant discharges into
receiving waters.

As well as these impacts on water systems, climate change is also likely to affect many aspects of urban
living, especially human health. Elevated summer temperatures, for example, have been shown to cause
additional deaths — especially in cities. SuDS in various forms can help to provide urban cooling (Figure 1.4).
Hard surfaces tend to heat up in high temperatures, but this can be counteracted by providing SuDS with
permanent water and/or vegetation. For example, green roofs can help to insulate buildings, green walls
and vertical gardens can support natural ventilation (see Case study 1.2), trees provide shade, and water
features cool the air.
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Green roof (courtesy Green Roof Consultancy) Pond fed by water feature (courtesy Tim Crocker)
Figure 1.4 SuDS providing urban cooling
CASE Fair Street vertical rain garden, London

STUDY % « 5y s
1.2 |} o#s

Figure 1.5 Fair Street vertical rain garden (courtesy Dusty Gedge)

Rainwater from a downpipe runs into tanks located behind the living wall. Water from the rainwater
storage tanks slowly seeps into the living wall, thereby irrigating the plants, attenuating the flows and
reducing runoff through evapotranspiration.
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MAKING DEVELOPMENTS MORE SUSTAINABLE

SuDS make developments more sustainable
Sustainable development aims to ensure a better quality of life, now and for generations to come. In the
UK, this means meeting the following objectives (adapted from HM Government, 2005):

1 social progress that recognises the needs of everyone.

2 effective protection of the natural environment and processes.

3 the sustainable use of natural resources.

4 the maintenance of strong and stable levels of economic growth and employment.
Using SuDS for the sustainable management of surface water runoff can support:

= the management of flood risk through the control of both flow rates and volumes

= the preservation and support of habitats and biodiversity through the control of flows (and
contaminants) to protect ecology and morphology

= the creation of sustainable habitats through the use of vegetated SuDS

= the prudent use of water resources through the implementation of rainwater harvesting systems
= the preservation of water resources through the protection of ground and surface water quality

= the sustainable use of natural resources through the minimisation of their use in SuDS design

= the reduction of embodied and operational carbon in drainage systems within manufacture and

through the reduced use of pumping.

By taking advantage of natural systems and natural materials, most SuDS use fewer resources and less
energy (leading to lower greenhouse gas emissions) than traditional drainage systems and, by using
vegetation, can act as carbon sinks when in use.

Spatial planning and, in particular, local development planning policies and strategies are the most
important instruments for promoting and delivering sustainable development in the UK. Taking a holistic
and integrated approach to surface water management through the implementation of SuDS, improves
water management and environmental protection at the strategic level (eg by contributing to green
infrastructure), and contributes to local biodiversity and amenity objectives.

COMPLYING WITH LEGISLATION AND REGULATIONS

SuDS help deliver compliance with legislation and regulations

There are a great number of legal and other instruments that relate to the management of runoff and
surface water. The European Union Water Framework Directive (European Commission, 2000) was
transposed into UK national legislation in December 2003. This Directive takes account of all the different
objectives for which the aquatic environment is protected (ecology, drinking water, health and particular
habitats), and ensures that measures taken to achieve the objectives are co-ordinated properly.

The Water Framework Directive encourages a more sustainable approach to drainage by:
= establishing a holistic approach to managing the water environment, based on river basins,
integrating water quantity with water quality considerations

= establishing quality objectives for all receiving waters, in order to achieve good status

= establishing a quality classification system for surface water that includes chemical,
hydromorphological and ecological parameters

Part B: Philosophy and approach



1.6

CIRIA SuDS Manual 2015

= establishing a quality classification system for groundwater status and a requirement for the quality of
groundwater not to result in any significant damage to terrestrial ecosystems

= establishing controls in relation to pollution of receiving waters from point and diffuse sources

= preventing deterioration in the status of receiving waters

= promoting sustainable water use based on long-term protection of water resources

= achieving environmental objectives in a cost-effective way.
Measures to prevent or control diffuse sources of pollution is a basic requirement of the Directive (Article
11 (h)). This means that all discharges of urban runoff have to be managed such that their impact on
the receiving environment is mitigated. This effectively precludes the use of the traditional approach to

drainage unless special controls are used to slow down flows and treat the runoff. SuDS provide a means
of addressing many of the requirements above.

SuDS also provide the means to simultaneously support the delivery of a broad range of national and
European requirements and strategies including those relating to:

= flood risk management

« water resource management

= climate change resilience

= green infrastructure

= wetland creation

= biodiversity and wildlife, and

= carbon reduction.
In particular, there are national and local flood risk regulations and guidance that encourage the better

management of surface water management, some explicitly promoting the use of SuDS (following on
from the Pitt Review, 2008).

National planning policy across the four administrations of the UK require planning authorities to give
priority to SuDS in planning applications.

THE SUDS DESIGN PHILOSOPHY

SuDS schemes use multiple components working together

SuDS should not be thought of as an individual component (such as a filter strip, swale or detention pond —
see Table 1.1), but as an interconnected system designed to manage, treat and make best use of surface
water, from where it falls as rain to the point at which it is discharged into the receiving environment beyond
the boundaries of the site. The approach to SuDS design was summarised in Box 1.2.

A central design concept for SubDS is the SuDS Management Train. This describes the use of a
sequence of components that collectively provide the necessary processes to control the frequency

of runoff, the flow rates and the volumes of runoff, and to reduce concentrations of contaminants to
acceptable levels. There are six specific functions provided by SuDS components. These are not
independent, and one component may provide two or more functions. These are summarised in Box 1.3.
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Functions of SuDS components

Rainwater harvesting systems — components that capture rainwater and facilitate its use within
the building or local environment.

Pervious surfacing systems — structural surfaces that allow water to penetrate, thus reducing the
proportion of runoff that is conveyed to the drainage system, eg green roofs, pervious paving. Many
of these systems also include some subsurface storage and treatment.

Infiltration systems — components that facilitate the infiltration of water into the ground. These often
include temporary storage zones to accommodate runoff volumes before slow release to the soil.

Conveyance systems — components that convey flows to downstream storage systems. Where
possible, these systems also provide flow and volume control and treatment, eg swales.

Storage systems — components that control the flows and, where possible, volumes of runoff being
discharged from the site, by storing water and releasing it slowly (attenuation). These systems may
also provide further treatment of the runoff, eg ponds, wetlands and detention basins.

Treatment systems — components that remove or facilitate the degradation of contaminants
present in the runoff.

There are many types of SuDS component, which means that sustainable drainage can be delivered
anywhere. The designer can choose a number of different SuDS components and tailor the overall
composition of a SuDS scheme to the local context (Figure 1.6). The designer can use the Management
Train to create green corridors, link habitats together and add fun, education and amenity value. A
summary of the types of SuDS component available to the designer is provided in Table 1.1. Detailed
descriptions of these components are provided in Chapters 11-23.

Wherever possible, runoff should be managed at source (ie close to where the rain falls) with residual
flows then conveyed downstream to further storage or treatment components, where required. The
passage of water between individual components of the Management Train should be, wherever possible,
through the use of above-ground conveyance systems (eg swales and rills) although pipework and
subsurface proprietary products may prove more efficient for specific schemes, especially where space
is limited such as in a redevelopment. Pre-treatment (the removal of litter and sediment) and maintenance
are vital to ensure the long-term and sustained effectiveness of all SuDS components. Overland flow
routes will also be required to convey and control floodwater safely during extreme events (Section 1.3).
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TABLE Types of SuDS components

1.1

Component | Description Further
type information
Rainwater Rainwater is collected from the roof of a building or from other paved surfaces in
1\
. an over-ground or underground tank for use on site. Depending on its intended
harvesting ) . Chapter 11
systems use, the system may include treatment elements. The system should include
v specific storage provision if it is to be used to manage runoff to a design standard.
A planted soil layer is constructed on the roof of a building to create a living
Green roofs surface. Water is stored in the soil layer and absorbed by vegetation. Blue roofs Chapter 12
store water at roof level, without the use of vegetation.
Infiltration These systems collect and store runoff allowing it to infiltrate into the ground.
Systoms Overlying vegetation and underlying unsaturated soils can offer protection to Chapter 13
v groundwater from pollution risks.
Proprietary . .
These subsurface and surface structures are designed to provide treatment of
treatment ) Chapter 14
water through the removal of contaminants.
systems
Runoff from an impermeable area is allowed to flow across a grassed or
Filter strips i > ) ) g o Chapter 15
otherwise densely planted area to promote sedimentation and filtration.
) . Runoff is temporarily stored below the surface in a shallow trench filled with
Filter drains - ) o Chapter 16
stone/gravel, providing attenuation, conveyance and treatment (via filtration).
A vegetated channel is used to convey and treat runoff (via filtration). These
can be “wet”, where water is designed to remain permanently at the base of the
Swales o ; 2 ) 2 4 . Chapter 17
swale, or “dry” where water is only present in the channel after rainfall events. It
can be lined, or unlined to allow infiltration.
A shallow landscaped depression allows runoff to pond temporarily on the
Bioretention surface, before filtering through vegetation and underlying soils prior to
systems collection or infiltration. In its simplest form it is often referred to as a rain garden. | Chapter 18
v Engineered soils (gravel and sand layers) and enhanced vegetation can be used
to improve treatment performance.
Trees can be planted within a range of infiltration SuDS components to improve
their performance, as root growth and decomposition increase soil infiltration
Trees capacity. Alternatively they can be used as standalone features within soil- Chapter 19
filled tree pits, tree planters or structural soils, collecting and storing runoff and
providing treatment (via filtration and phytoremediation).
Runoff is allowed to soak through structural paving. This can be paving blocks
Pervious with gaps between solid blocks, or porous paving where water filters through Chabter 20
pavements the block itself. Water can be stored in the sub-base and potentially allowed to P
infiltrate into the ground.
Large, below-ground voided spaces can be used to temporarily store runoff
Attenuation before infiltration, controlled release or use. The storage structure is often Chabter 21
storage tanks | constructed using geocellular or other modular storage systems, concrete tanks P
or oversized pipes.
During a rainfall event, runoff drains to a landscaped depression with an outlet that
Detention restricts flows, so that the basin fills and provides attenuation. Generally, basins Chabter 22
basins are dry, except during and immediately following the rainfall event. If vegetated, P
runoff will be treated as it is conveyed and filtered across the base of the basin.
Features with a permanent pool of water can be used to provide both attenuation
Ponds and and treatment of runoff, where outflows are controlled and water levels
wetlands are allowed to increase following rainfall. They can support emergent and Chapter 23

submerged vegetation along their shoreline and in shallow, marshy zones, which
enhances treatment processes and biodiversity.
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Figure 1.6 Examples of commonly used SuDS for different development types
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Introducing the SuDS
design approach

This chapter introduces the overarching principle of SuDS design; the
four broad objectives related to water quantity, water quality, amenity
and biodiversity; and the design criteria that should be followed to deliver
these objectives.

» This chapter should be read alongside Chapters 3—6, which describe the design
criteria in more detail, accompanied by good practice design standards.

2.1 THE PRINCIPLE AND OBJECTIVES OF SUDS DESIGN

The overarching principle of SuDS design is that surface water runoff should be
managed for maximum benefit.

The types of benefits that can be achieved by SuDS will be dependent on the site, but
fit broadly into four categories: water quantity, water quality, amenity and biodiversity.
These are also referred to as the four pillars of SuDS design (Figure 2.1). Each of these
pillars has a design objective, as presented in Figure 2.1.

Control the guantity Manage the quality of
of runoff to the runoff to prevent

pollution
+ support the management of

flood risk, and
« maintain and protect
the natural water

ayeia Water
Quantity

Biodiversity

Create and sustain Create and sustain
better places for better places for
people nature

Figure 2.1 The four pillars of SuDS design
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SUDS DESIGN CRITERIA

In order to deliver the design objectives of Figure 2.1, there are different aspects of SuDS design that
need to be taken into consideration. These are referred to here as design criteria, and are summarised in
Table 2.1. Chapters 3—6 discuss the four criteria.

TABLE Design criteria for SuDS

34

2.1

Design criteria Further
information

Use surface water runoff as a resource

Support the management of flood risk in the receiving catchment
Protect morphology and ecology in receiving surface waters
Preserve and protect natural hydrological systems on the site Chapter 3
Drain the site effectively

Manage on-site flood risk

Design system flexibility/adaptability to cope with future change

Water
quantity

~N o b~ WON -

-

Support the management of water quality in the receiving surface waters and
Water quality groundwaters Chapter 4
2 Design system resilience to cope with future change

Maximise multi-functionality

Enhance visual character

Deliver safe surface water management systems

Support development resilience/adaptability to future change
Maximise legibility

Support community environmental learning

Amenity Chapter 5

D a B~ WN -

Support and protect natural local habitats and species
Contribute to the delivery of local biodiversity objectives
Contribute to habitat connectivity

Create diverse, self-sustaining and resilient ecosystems

Biodiversity Chapter 6

A WO DN -

Note
Definitions for resilience, flexibility and adaptability can be found in the glossary (Appendix A).

These design criteria can and should be given full consideration for all types of development. The extent
and way in which each criterion can be delivered will depend on site characteristics, development context
and local objectives. The water quantity and water quality criteria are likely to be the main drivers in
determining the design philosophy for a site, and these are supported by standards (expected levels

of service) for the surface water management system. Maximising delivery of amenity and biodiversity
criteria will often deliver on a range of other required planning outcomes/objectives for the site.

The criteria are not independent of each other. For example, a bioretention system draining an area of
urban road may deliver on all of the criteria simultaneously. There are also a number of criteria that are
cross-cutting. For example, using runoff as a resource will support both water quantity and amenity
design objectives.

In order to maximise opportunities and the associated benefits, the criteria should be considered at an early
stage and fully integrated into the surface water management and urban design process (Chapter 7). In so
doing, it is then possible to ensure that the scheme is truly multi-functional and delivers the highest return
for the developer and for the community who will live there. As well as the SuDS design criteria, there

are more generic criteria of good design that are required to ensure a safe, functional and cost-effective
SuDS scheme. These generally fall into the four categories listed in Table 2.2. Further discussion of
these aspects of design can be found in the chapters indicated, although reference to these is also made
throughout the manual.
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TABLE Generic criteria of a good design
2.2

The design of a SuDS scheme should ensure that... Further
information
Constructability It can be easily and safely constructed. Chapter 31
Maintainability It can be easily and safely maintained. Chapter 32

The site is drained to meet the required standards of service, while
maximising the potential benefits from delivery of the criteria, at an affordable

Cost-effectiveness Chapter 35
a cost both initially to the developer and for those responsible for the long-term P
operation and maintenance of the system.
It is safe for those living near or visiting the system, and for those involved in
Health and safety g ) g Chapter 36

its operation and maintenance.

2.3 THE ROLE OF THE DESIGNER

The design objectives and criteria presented in Sections 2.1 to 2.3 provide a framework for the designer
to work within, but it remains the responsibility of the designer to choose how to apply these to a specific
scheme. Central to this is the need to engage stakeholders early, including those with responsibility for
approving, adopting or maintaining the SuDS scheme, the environmental regulator, sewerage undertaker
and roads authorities. Opportunities for SuDS will be maximised through collaborative working between
engineers, landscape architects, planners, architects and the local community (Chapter 34).

The design process is about delivering the design criteria in a way that balances and optimises the
benefits versus the costs of alternative options — working with the opportunities and constraints of the
site, and with stakeholder and regulatory requirements.

24 ASSESSING AND APPROVING SUDS SCHEMES

Although design of high-quality SuDS is as much an art as a science, it is important that a SuDS design
can be assessed, to determine whether it delivers the design criteria adequately.

Indicators — these are the means of measuring the extent to which the design criteria are being
achieved. Example indicators are presented in Chapters 3—6. These should be selected and/or amended
to suit the local application.

Standards — these are the minimum performance targets or levels of service that SuDS designs should
meet. The standards set out in this manual are “standards of good practice”. Many of these standards are
also set out in other best practice documents (that have been approved by the environmental regulator),
and/or statutory national standards. Local standards (alongside local guidance) may be set out by Local
Authorities and other approving or adopting bodies, which could take precedence.

Checklists — provided in Appendix B, cover the following areas:

= health and safety risk assessment

= design process: staged submission requirements

« SuDS component design

= construction standards, method statements and inspections

= adoption and maintenance evaluation and planning.
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Designing for water
quantity

This chapter explains the objective of designing for water quantity and
the design criteria that should be followed to deliver this objective. Good
practice design standards are also presented.

» This chapter should be read alongside Chapters 4—6, to understand how the different
SuDS design criteria relate to each other, and Chapter 7 to understand when and how
to apply these criteria.

3.1 WATER QUANTITY DESIGN OBJECTIVE

Control the quantity of runoff to support the management of flood risk and
maintain and protect the natural water cycle

In order to ensure that the surface water runoff from a developed site does not have a
detrimental impact on people, property and the environment, it is important to control:

= how fast the runoff is discharged from the site (ie the peak runoff rate) and

= how much runoff is discharged from the site (ie the runoff volume).

SuDS that are designed to manage water quantity in this way reduce the likelihood of
flooding caused by the development. They can help protect natural water cycles by
promoting the recharge of soil moisture levels (and subsequent evapotranspiration
processes), by maintaining stream and river baseflows, and by replenishing
groundwater. They can also help reduce the risk of erosion of the banks and riverbed,
caused as a result of the receiving watercourse experiencing more frequent bankfull or
near bankfull conditions. Such erosion increases sediment loads and can degrade the
ecological health of the watercourse.

SuDS are most effective at reducing flood risk for relatively high intensity, short and
medium duration events. So SuDS are particularly important in mitigating potential
increases in surface water flooding, sewer flooding and flooding from small and medium
sized watercourses resulting from development. SuDS tend to have less impact on
flood risk associated with larger rivers that are more sensitive to long duration events
(such as the Thames or the Somerset Levels). However, this does not mean that SuDS
are not required. Local hydraulic constraints and flow characteristics may mean that
flow and volume control are still necessary for managing local flood risk and providing
groundwater recharge, where appropriate. Reducing pollution, together with delivering
amenity and biodiversity benefits for the site are also still very important.

SuDS for a single site could potentially be demonstrated to have limited impact, but it is
the cumulative impact of all development in the catchment (combined with the potential
effects of climate change) that should be taken into consideration.

311 Why should peak runoff rates be controlled?

Peak rates of surface water runoff discharged from a developed (ie relatively
impermeable) site, if left uncontrolled, are normally significantly greater than from the
site in its greenfield state. This is because the runoff drains off the surfaces of the
developed site much quicker than the greenfield site and there is much more runoff,
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as less water is able to penetrate the ground or be intercepted in other ways. On sites overlying sandy,
well-drained soils, peak rates could be at least an order of magnitude higher. This can have significant
consequences for the receiving watercourse by increasing flow velocities and the likelihood of flooding
and bank erosion. Where sites discharge to existing piped drainage systems, the risks tend to be even
greater, as pipes have constrained capacities and are more sensitive to changes in flow rate.

Figure 3.1 shows the pre-development or greenfield discharge rate (green line) compared to the
uncontrolled post-development discharge rate (blue line). The post-development peak is much higher and
arrives much earlier than the pre-development peak.

So the purpose of controlling peak runoff rates is to limit the rate of runoff after development to the rate
that would have occurred before development. This can be achieved by the process of attenuation:
slowing and storing runoff on site and then discharging it at a specified maximum rate to the receiving
watercourse (Figure 3.2). This is discussed further in Section 3.1.2.

Q0 _ Increased peak Volume of runoff Volume of runoff

" rate of runoff postdevelopment >  pre-development
{red and blue) {green)
“A Post-development Mote: volume of runoff equates to
A Without Tlow stienuation) the area under the hydrograph
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Figure 3.1  Example of a runoff hydrograph
Uncantrolled
inflow rate {Q, ] Temporary storage of surface water runoff

{attenuation storage volume)
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Figure 3.2 Controlling runoff rates using attenuation storage
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Why should runoff volumes be controlled?

Attenuation (as discussed in Section 3.1.1) controls the peak runoff rate by extending the hydrograph
(Figure 3.1). So while the peak rate of runoff may not increase, the duration over which this peak rate
occurs will be significantly longer than before development as a result of the additional runoff volume.
This can also increase the likelihood of flooding in the receiving watercourse. Where sites discharge to
sewer systems, changes in volumes are particularly important, due to the risk of sewer flooding and CSO
spills.

Figure 3.1 shows the post-development discharge rate with attenuation in red. The volume of runoff is the
area under the graph. This extended period of peak flows in the receiving watercourse can be damaging
for both morphology and ecology, caused by greater erosion and movement of sediment. Therefore,
controlling peak runoff rates from large storm events is extremely important, but it is not sufficient on its
own to reduce the impact of the development on the downstream catchment.

Also, attenuation can only control relatively large rainfall events, and does nothing to address the
problems associated with a development site generating runoff from all of the smaller rainfall events. With
natural soil conditions, the runoff from the majority of such events (ie with a total depth of, say, 5 mm or
less) would have been lost through infiltration and/or evapotranspiration. Runoff from these frequent small
rainfall events will usually just “pass through” attenuation systems with limited or no control.

At a catchment scale, the potential limitations of using attenuation alone are also evident (Figure 3.3).
Although the runoff from each sub-catchment has been attenuated to limit flows to pre-development
conditions, the peak flow downstream will continue to rise because of the greater total volumes being
discharged from each sub-catchment. This means that the likelihood of flooding downstream still increases.

— Post-development
{with attenuation)

Pre-development

Discharge

& Paint of hydrograph

Figure 3.3 Example of the combined effect of multiple attenuation systems

WATER QUANTITY DESIGN CRITERIA

Summary

The design criteria presented here should be applied to manage the quantity of water to deliver the
design objective described in Section 3.1. The opportunities for a designer to apply these design criteria
in full will depend on site characteristics, development context and local planning objectives. To maximise
these opportunities, the design criteria should be considered at an early stage of the design process and
fully integrated into that process.
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Managing water quantity can also contribute to the design objectives for water quality, amenity and
biodiversity. So these design criteria should be considered alongside design criteria for water quality,
amenity and biodiversity (Chapter 2, Table 2.1 and Chapters 4-6).

Indicators can be used to evaluate the extent to which design criteria are being delivered by the SuDS
design. Water quantity design criteria and example indicators are presented in Table 3.1.

TABLE Water quantity design criteria and example indicators

3.1
Water quantity design criterion | Example indicator

1 Use surface water runoff as a A proportion of runoff from rainfall events is harvested for use or infiltrated
resource to support river baseflows and/or recharge groundwater.

2 Support the effective management | Discharges to surface waters are prioritised over discharges to sewers.
of flood risk in the receiving The rates and volumes of runoff for high return period events are
catchment controlled in accordance with the water quantity standards (Section 3.3).

3 Protect morphology and ecology The rates and volumes of runoff for low return period events are controlled

in receiving surface waters in accordance with the water quantity standards (Section 3.3).
4 Preserve and protect natural The natural hydrological drainage systems on the site are preserved or
hydrological systems on the site enhanced as part of the landscape and/or surface water management system.

Runoff from all rainfall events infiltrates or drains through the SuDS within
5 Drain the site effectively a suitable time, so that the performance of the system for managing runoff
from subsequent rainfall events is not reduced.

Runoff from rainfall events that exceeds the SuDS capacity is managed in

6 Manage on-site flood risk ) )
identified exceedance routes and storage areas.

7 Design in system flexibility/ The SuDS design includes climate change and urban creep allowances, or
adaptability to cope with future is designed with the flexibility (and funding) to be suitably adapted during
change its design life.

These design criteria are discussed in more detail in the following subsections. Where minimum
performance targets or specific levels of service should be achieved by a SuDS design, these are
detailed in Section 3.3, and guidance is provided as to how these can be met. These generally
mirror legislative or regulatory standards where they exist. However, local standards, as set out in
supplementary planning documents (SPDs), may take precedence.

3.2.2 Water quantity criterion 1: Use surface water runoff as a resource

Using surface water runoff as a resource contributes to the water sensitive urban design (WSUD)
philosophy of integrating water cycle management with the built environment (Morgan et al, 2013).

It is advantageous to design drainage systems that capture and use surface water because this (a) helps
to reduce runoff volumes from the site and (b) allows this valuable resource (water) to be put to good use.
This demonstrates how some amenity benefits are intrinsic in SuDS design.

Rainfall is likely to become an even more valuable resource in the future, as water becomes more scarce,
due to climate change and rising population.

Direct harvesting at or near source for garden watering has been common practice for many years. In
parts of the UK, especially the south-east of England, water resources are increasingly under stress
due to rising demand for water and climate change. In such areas, harvested rainwater is increasingly
being used for other purposes, but it may require treatment where there is a risk of human contact or
consumption. (The level of treatment should be proportionate to the level of risk.) Harvested rainwater
can be used for irrigating landscapes, and roof water can often be used directly for private or communal
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gardens and allotments, for car washing or for toilet flushing. Rainwater storage systems can be located
in roof voids, beneath gardens, garages, driveways or areas of communal open space, or be part of
boundary walls (Chapter 11).

Using surface water runoff as a resource can provide amenity benefits as well as water quantity benefits.
For example, SuDS can be designed to support areas for water play and urban horticulture, providing
recreational, educational and health and well-being benefits. These are discussed in Chapter 5 under:
Amenity criterion 1: Maximise multi-functionality.

Using SuDS to promote infiltration is another way of protecting water resources, as this can potentially
contribute both to the recharge of aquifers and to interflows through upper soil horizons that support
baseflows in local rivers and streams (that may subsequently be abstracted for supply purposes).

Water quantity criteria 2 and 3: Support the management of flood risk in the receiving
catchment, and protect morphology and ecology in receiving surface waters

To ensure that the site does not have a detrimental impact on the downstream catchment (increasing
flood risk or causing morphological or ecological damage) and protects the natural water cycle, designers
should do each of the following (which are discussed below):

1 Prioritise where surface water runoff is discharged.

2 Control the volume of runoff discharged from the site.

3 Control the peak runoff rates from the site.
Some receiving surface waters, such as estuaries, some large lakes and the sea, are normally not
sensitive to the runoff from developed sites. In these cases, the control of peak runoff rates and runoff

volumes is not necessary. However, even for these scenarios, SuDS are still important, particularly for the
water quality benefits, but also for the amenity and biodiversity value they bring.

1 Prioritise where surface water runoff is discharged

The destination for surface water runoff that is not collected for use should be prioritised in the following order:

a infiltration
b discharge to surface waters
¢ discharge to a surface water sewer, highway drain or another drainage system

d discharge to a combined sewer.
Discharge to a foul sewer should not be considered as a possible option.

As much of the runoff as possible (subject to technical or cost constraints) should be discharged to each
destination before a lower priority destination is considered.

Depending on the site characteristics, drainage from different parts of the site could have different
drainage destinations.

Depending on the quantity of runoff and the potential for a particular destination to manage that runoff,
small events might be discharged to a higher level destination, while larger events may need to utilise a
lower priority destination.

Where runoff is to be discharged to a sewerage undertaker’s surface water sewer or combined sewer, the
sewerage undertaker should be consulted as to whether any additional criteria or limiting discharge rates

are required.

Where runoff is to be discharged to a watercourse, the relevant local flood authority should be consulted.
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2 Control the volume of runoff discharged from the site

The volume of runoff discharged from the site should be controlled for both frequent and extreme events
by maximising opportunities to:

a use surface water runoff as a resource

b intercept and reduce runoff through evapotranspiration (eg using green roofs, trees or vegetated
storage systems)

¢ intercept and reduce runoff through infiltration (eg using soakaways, bioretention systems,
permeable pavements or infiltration basins).

See Section 3.3.1 water quantity standard 1.

3 Control peak runoff rates from the site

Peak runoff rates from the site (ie how fast the runoff is allowed to leave the site after development has
taken place) should be controlled by maximising opportunities to capture runoff and slow flow rates
through attenuation and flow controls (eg using swales, detention basins). Providing volumetric control
measures (see above) can reduce the required downstream attenuation storage volumes (Section 3.3.2,
water quantity standard 2).

Managing surface water runoff at or close to source helps prevent high rates and volumes of runoff being
conveyed to large downstream attenuation systems.

There may be occasions, possibly in the lower reaches of large river catchments, where rapid discharge
of runoff from the site would be a better strategy for managing flood risk than attenuation and slow
release. If this can be demonstrated by detailed catchment modelling, this may be deemed appropriate
by an approving body. This should be stated in the local flood risk management strategy and/or local
supplementary planning documents.

Water quantity criterion 4: Preserve and protect natural hydrological systems on the site

Natural systems that deliver a specific hydrological function should be preserved and protected where
possible, such as natural wetlands, stream and river corridors, high permeability soil features, areas of high
water table, long-serving agricultural field ditches or ditch systems. Where such systems are dependent on
particular runoff characteristics from the site, this should be taken into account within the SuDS design.

Where possible, clearing/grading/compaction should be limited, as these activities will have a negative
effect on the natural runoff characteristics. Landscape and garden areas that have been compacted
during construction should be returned to pre-construction permeability levels. Steep slopes or areas
of the site with highly erodible soils should also be protected from additional runoff that could further
destabilise material.

Local flood risk management strategies/river basin management plans may have strategic objectives for
the management and/or improvement of local hydrological systems and may set local criteria for drainage
systems that discharge to them.

Additional benefits of preserving natural hydrological systems can include the reduced need for cut and
fill and the elimination of additional underground piping and pumping (Section 8.5.3).

Water quantity criterion 5: Drain the site effectively

A key requirement of the surface water management system is that it drains the site effectively. It should
be designed with suitable gradients, so that there is a continuous flow of water through the system as
any rainfall event drains through, allowing space for subsequent events to be stored and treated. Shallow
gradients are usually suitable, particularly with surface features, and shallow gradients also help ensure
that natural treatment processes work effectively.
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The design of the drainage system should take account of the time that it is likely to take for the runoff to
drain through the system. Considerations should include:

1 the impact of potential downstream constraints (eg high water levels in the receiving watercourse) on
the rate and/or duration over which effective drainage can occur

2 the rate at which infiltration is likely to occur, which will determine the time taken for infiltration
storage components to empty for any particular event

3 the hydraulic gradient across the site and the design of storage and conveyance components, which
will determine the time taken for runoff to drain through the SuDS.

Where discharge from the site could be constrained because of high water levels at the outfall from the
site, the likelihood of such water levels coinciding with design events for the drainage system should be
evaluated and accounted for as part of the design process (Chapter 24).

Where any part of the drainage system is at risk of being inundated from external sources during extreme
conditions, the impact of any potential loss of storage (from either inundation or sediment deposition) on
the system performance should be assessed.

The impact of runoff from areas outside the site should be taken into account when sizing the drainage
system. Such runoff should be safely routed around or across the site, but will not require additional
control, unless this is part of planning or drainage approval requirements.

Guidance on designing SuDS on sites with steep slopes, with no gradient or very shallow slopes, and on
floodplains is provided in Chapter 8.

Water quantity criterion 6: Manage on-site flood risk

The surface water management system should be designed to ensure that the level of flood risk from the
drainage system is acceptable for the site (Section 3.3.3).

All runoff should remain within the designated conveyance and storage areas for the design (standard
of service) event, including an appropriate freeboard allowance. The designated drainage system may
include areas that are only designed to flood on an infrequent basis — for example car parks, roads,
recreation areas — and such areas will need to be managed with this purpose in mind. For larger events,
the site layout should be designed so that exceedance flows (ie flows that exceed the capacity of the
drainage system) are managed in safe conveyance and storage zones, such that the risk of flooding is
acceptable for all people and property on the site.

SuDS components that are on the surface provide the best means of seeing when water levels are
starting to rise. This enables residents and other users of the site to take action early and effectively. The
change in water level will tend to be gradual, as it moves out of the bank, providing more warning and
reducing the likely severity of the consequences.

Managing the risks associated with external sources of flooding (river, surface water, groundwater etc)
should be dealt with as part of the flood risk mitigation strategy (as defined by the Flood Risk Assessment
or Flood Consequence Assessment). Further details are provided in Chapter 7. Any additional design
requirements for the SuDS scheme as part of a site flood risk mitigation strategy would be over and
above the requirements described in this manual.

Water quantity criterion 7: Design in system flexibility/adaptability to cope with future change

In order that the drainage system will continue to provide effective protection for both the site and
downstream areas, throughout its design life, SuDS should incorporate sufficient capacity and/or be
sufficiently adaptable so as to be resilient to climate change and increases in the level of urbanisation of
the contributing catchment.
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SuDS components are inherently more adaptable than fixed capacity, subsurface drainage infrastructure.
In some cases where future ownership and investment capacity are assured, drainage systems might be
designed with the flexibility for increasing capacity later in their design life, when climate change risks can
be better quantified or when a higher level of service is required.

Otherwise, up-to-date rainfall intensity uplift factors for individual regions for climate change scenarios
(Section 24.7.1) should be sourced from relevant ministerial or local government guidance, and
incorporated within the design calculations to ensure the design is robust.

Increasing impermeability of the contributing catchment through the design life of the drainage system,
should also be taken into account. Urban creep (ie the addition of patios, conservatories, extensions,
impermeable driveways and other hardstandings) can be significant, particularly in low-to-medium-
density developments, and an appropriate design factor should be agreed with the drainage approving
body before drainage system design (Section 24.7.2).

3.3 WATER QUANTITY DESIGN STANDARDS

The following standards are standards of “good practice”. Local planning documents, national standards
or other guidance from approving or adopting organisations may take precedence.

The research underpinning the standards on the use of peak flow rates and volume control of discharges
is provided in Kellagher (2002).

Return periods, probability of occurrence and critical durations

The return period of a rainfall event is the average time between events of a given or greater
magnitude, usually expressed in years. A 100-year return period event refers to an event that occurs
or is exceeded on average once every hundred years. This can also be expressed as the 1in 100 or
1:100 year event.

Alternatively, an event can be described as having a probability of occurrence (or frequency of
occurrence), which is 1/return period but often expressed as a percentage. For a 1:100 year event,
this would be 1%, ie there is a 1% chance of the event occurring or being exceeded in any one year.

Estimates of return periods are subject to uncertainty, so in reality, consecutive events can occur at
intervals greater or smaller than their average return period. A 1:1 year event refers to an event that
has a 100% chance of occurring in any one year, and thus could be interpreted as a range of events
beneath a certain threshold. However, for the purpose of these standards, when referring to a 1:1
year event, this should be taken as meaning an event that occurs, on average, once a year.

The critical duration is the duration of rainfall event for a specified return period event (usually
given in hours) that results in the greatest peak flow rate, flood volume or flood level (depending on
the purpose of the analysis) at a particular location. It will be different for different locations on a site.

3.3.1 Water quantity standard 1: Control of runoff volume

The volume of runoff should be controlled for the following two scenarios:

a Volume control for frequent rainfall events

The drainage system should be designed so that runoff from the site to receiving surface waters
does not occur for the majority of small rainfall events.

b Volume control for extreme rainfall events
The drainage system should be designed so that the volume of runoff discharged from the site

during extreme events (normally specified as a 1:100 year event) is controlled.

Interpretation of this standard is presented as follows.
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a) Volume control for frequent rainfall events

The prevention of runoff from the site for the majority of small (frequent) rainfall events (or for the initial
depth of rainfall for larger events) is called Interception, and Interception of about 5 mm is normally
achievable. From a hydraulic perspective, Interception is required to mimic greenfield hydraulic response
characteristics where small rainfall events do not generally produce any runoff and thus to protect the
morphology and ecology of the receiving watercourse, and the hydrological soil water balances in the
catchment. Interception can be delivered using a variety of methods including rainwater harvesting,
infiltration and evapotranspiration. Interception design methods are set out in Section 24.8.

This standard is the same as water quality standard 1 (Chapter 4). This is because the delivery of
Interception provides both water quantity and water quality benefits. Compliance with this standard is not
usually achievable during periods of wet weather, so a flexible approach is required (eg a requirement to
achieve Interception for a given proportion of events during the summer and a lower proportion during the
winter). In winter or during extended wet periods, the risks to the ecology and morphology of the receiving
watercourse from urban runoff are likely to be lower.

b) Volume control for extreme rainfall events

Because the volume of runoff from the site can be, in many scenarios, as damaging to downstream flood
risk as peak flow rates (Section 3.1), it is necessary to ensure that runoff volumes discharged from the
site during extreme events are also controlled.

This means that, where possible, the volume of runoff from the site (or development) area should not
exceed the volume of runoff from the equivalent area in its natural undeveloped or “greenfield” state (for
the same rainfall event). Methods for estimating greenfield/pre-development runoff volumes are described
in Section 24.4). Where flood risk from the receiving watercourse is particularly high, tighter local

criteria for allowable volumes discharged from the site may need to be specified by the local regulator or
drainage approving body and met by the drainage design.

The use of infiltration and rainwater harvesting are important mechanisms for delivering volume

control: the greater the volume of runoff that is infiltrated or used on site, the lower the volume of runoff
discharged. It is important to note that, for clay sites, greenfield runoff volumes will tend to be high
because of the underlying impermeability. So the increase in volume for the developed site will be small.
Where developments take place on more permeable soils, the difference will be far greater, but infiltration
options should be available to assist in managing these larger volumes.

Ideally, the volumetric control of runoff should be demonstrated to meet greenfield runoff behaviour

for all events and particularly those that are relevant for the mitigation of flood risk in the receiving
watercourse. However, this would require the use of time series rainfall as part of a modelling exercise.
Until this approach becomes standard industry practice, a simple method using the 1:100 year, 6 hour
rainfall event can be sufficient for design purposes, as it represents a suitable event for protecting smaller
watercourses that are most at risk from the effects of urban development. As designs for Interception

will help control runoff volumes from smaller events, a single requirement for large events is considered
pragmatic and not overly onerous.

Where controlling runoff to greenfield volumes is considered unachievable, then the runoff volume
should be reduced as much as possible and any additional volume should be stored and released at a
low rate that will not increase downstream flood risk (normally 2 I/s/ha is considered an appropriate rate
(Kellagher, 2002)) using either of the following approaches*:

1 The additional runoff volume (ie the difference between the predicted development runoff volume
and the estimated greenfield runoff volume for the 100 year event, often called Long-Term Storage)
should be discharged from the site at a rate of 2 I/s/ha or less, while still allowing greenfield runoff
peak flow rates to be applied for the greenfield runoff volume.

Note

*

The 6 hour event can be used unless more detailed local catchment modelling has been undertaken to justify an alternative duration.
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2 All the runoff from the site for the 1:100 year event should be discharged at either a rate of 2 I/s/ha or
the average annual peak flow rate (ie the mean annual flood, QBAR), whichever is the greater.

Approach 2 provides a simpler approach, but results in larger storage volumes being required than Approach 1.

The calculation of the difference in volume between the developed and greenfield scenario (defined as
the Long-Term Storage Volume) is set out in Section 24.10.

For previously developed sites, the surface water management system should be designed so that the
volume of surface water runoff discharged from the site for the 1:100 year, 6 hour event is kept as close
to greenfield conditions as possible. The runoff volume for the pre-development scenario may be very
high and may be contributing to downstream flood risk — it should therefore only be allowed for the new
development if the drainage approving body agrees that it is acceptable. Wherever runoff volumes cannot
be sufficiently reduced, they should be discharged from the site at a rate of 2 I/s/ha or less (see above).

Water quantity standard 2: Control of peak rate of runoff

a Control peak runoff rates during events likely to impact on morphology, ecology or capacity
of receiving surface waters, or capacity of receiving sewers

The drainage system should be designed so that peak runoff rates from the site for events likely

to be significant for the morphology/ecology/capacity of receiving surface waters, or the capacity
of receiving sewers (normally specified as approximately a 1:1 year event) are constrained to the
greenfield rates of runoff for the same return period.

b Control peak runoff rates during extreme rainfall events

The drainage system should be designed so that the peak runoff rates for extreme rainfall events (normally
specified as a 1:100 year event) are constrained to the greenfield rates of runoff for the same event.

The assessment of peak runoff rates and the design of attenuation storage systems is set out in
Sections 24.6 and 24.9, respectively. The critical duration rainfall event should be used in determining
the maximum attenuation storage volumes. Different critical durations will apply to different storage and
conveyance elements used on the site.

Interpretation of this standard is presented as follows.

a) Control peak runoff rates during events likely to impact on morphology, ecology or capacity
of the receiving surface waters, or the capacity of receiving sewers

A bankfull event for a stream or river tends to equate to about a 1:1 or 1:2 year event. By aiming to
replicate greenfield runoff rates for this size of event, the receiving watercourse can be protected from
erosion and the resulting morphological and ecological damage. For previously developed sites, site
runoff rates should be reduced to the greenfield rates wherever possible.

By limiting discharges to sewers (and surface waters), this will reduce the impact on downstream
capacity. If discharging to a combined sewer, this also reduces the impact on CSO spills and downstream
wastewater treatment works.

For soils with relatively high permeabilities, the 1:1 year greenfield runoff rate may be considered too low
to be feasible. In this case, a minimum throttle rate should be agreed by the drainage approving body. An
appropriate limit is likely to be 1-2 I/s/ha. Guidance on controlling low flows is provided in Chapter 28.

b) Control peak runoff rates for extreme events to prevent surface water runoff from the site
increasing downstream flood risk

Aiming to replicate greenfield runoff rates for extreme events helps ensure that the flood risk associated
with the receiving watercourse/sewer is not increased by the development. Volume control (as required by
water quantity standard 1) is also an important part of the flood risk mitigation approach.
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For previously developed sites, site runoff rates should be reduced to the greenfield rates wherever
possible. Because the critical duration for the attenuation storage system for the proposed development
will be much longer than the storm duration used for sizing pipework for the previously developed site,
there is a risk that by allowing previously developed runoff rates to occur (over a much longer duration)
receiving watercourse damage and flood risk could be considerably worsened. Thus, betterment of at
least 30% should be considered as a minimum requirement (this will need establishing and agreeing with
drainage approving body) and strong consideration should still be given to controlling volumes of runoff to
greenfield equivalents (Section 3.3.1).

Water quantity standard 3: Control of on-site flood risk arising from the surface water
management system

a SuDS capacity design

There should not be any flooding on site for events up to the agreed drainage system capacity
(standard of service — usually a minimum of a 1:30 year event), unless areas are specifically
designed to do so.

b Exceedance capacity design

The risks associated with events that exceed the capacity of the drainage system should be
evaluated, and the design of the site and the drainage system should be integrated so that flooding is
appropriately managed.

a) SuDS capacity design

The SuDS should be designed so that runoff is completely contained within the designated drainage
system for all events up to the specified standard of service for the critical duration event for the system
(Box 3.1). This level of service will normally be 1 in 30 years as a minimum unless otherwise specified by
or agreed with the planning approval or SuDS approving body. As peak runoff rates will usually require
control up to the 1 in 100 year (see water quantity standard 2), components may be designed to manage
events up to this size. The designated drainage system is the combination of the above-ground and
below-ground components of the system (eg pervious pavements, swales, detention basins and pipes)
that are designed to receive runoff during an event that equates to the specified standard of service.

Unless specific adaptation measures are agreed, the design rainfall for this scenario should include
an allowance for climate change, and the assumed impermeable area for the site should include an
allowance for urban creep (Section 24.7).

The critical duration rainfall event should be used. Different critical durations will apply to different parts of
the site.

The layout of the development site and the SuDS scheme should be designed so that any surface
water that enters the site from off-site sources is conveyed safely around or through the site, without
compromising the level of service of the proposed drainage system or introducing unacceptable
additional risks on site or downstream.

Where runoff from off-site sources is drained together with the site runoff, the contributing catchment
should be modelled as part of the drainage system in order to take full account of the additional inflows.

Where runoff from off-site sources is conveyed separately from the proposed drainage system, any
flood risks associated with this source should be managed appropriately. This should be dealt with in the
Flood Risk Assessment (FRA) (or Flood Consequence Assessment, FCA) and associated management
strategy for the site.

b) Exceedance capacity design

Properties should be fully protected against flooding from the site drainage system for the 1:100 year
event. Higher return periods may be specified for particular catchments or locations and this should
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be established by the FRA/FCA for the site. In Scotland, the standard requirement is for 1:200 year
protection. The design rainfall for this scenario should include an allowance for climate change, and the
assumed impermeable area for the site should include an allowance for urban creep (Section 24.7).
The critical duration rainfall event should be used. Different critical durations will apply to different parts
of the site.

The finished ground floor levels and the level of any opening into any basement of the proposed
buildings on the site should be at least 300 mm above the predicted flood level associated with the
above scenario — or as otherwise specified by the drainage approving body and confirmed within the
site FRA/FCA.

Access should be provided into and through the site for emergency vehicles for extreme runoff events
and where the site could be flooded from other sources.

The design of the drainage system for exceedance flow management should take account of any residual
flood risks for the site that are identified by the FRA/FCA. An assessment should also be made of the
potential significance of risks associated with the following scenarios:

1 ablockage or failure of any key component or structure
2 failure of any embankment that forms part of a storage component
3 rainfall events that are larger than the design storms used for the design of the drainage system

Where any of these scenarios are considered to present a significant risk for the site, a risk assessment
should be undertaken to determine adequate risk mitigation measures.

When assessing the risks associated with conveyance routes or storage areas for exceedance flows, flow
depths, velocities, duration and impact of the flooding to people and property on and off the site should
be taken into account. Further guidance on designing for exceedance in urban drainage can be found in
Digman et al (2006 and 2014).
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Designing for water
quality

This chapter explains the objective of designing for water quality and
the design criteria that should be followed to deliver this objective. Good
practice design standards are also presented.

» This chapter should be read alongside Chapters 3, 5 and 6 to understand how the
different SuDS design criteria relate to each other and Chapter 7 to understand when
and how to apply these criteria.

» Guidance on designing individual SuDS components for treatment can be found in
Chapters 11-23.

» Information regarding urban runoff contaminants, together with methods for assessing
level of hazard, is presented in Chapter 26.

4.1 WATER QUALITY DESIGN OBJECTIVE

Manage the quality of runoff to prevent pollution

Diffuse urban pollution (ie pollution from widespread multiple sources — see Chapter 1)
is a significant factor in compromising groundwater and receiving water standards that
are required under the EU Water Framework Directive. The UK government recognises
that tackling diffuse pollution originating from urban runoff is a high priority and the
increased use of SuDS is an important means of reducing urban runoff and improving
the water quality of that runoff (Defra, 2012).

Agricultural land can also be a significant source of pollution, but this is not covered by
this manual. Guidance on SuDS for agricultural sites is provided by Avery (2012).

Pipes are usually designed to convey water at velocities that keep sediment in
suspension, preventing build-up within the pipe but transferring the runoff and any
associated pollution directly to the receiving surface waters. Although some gullypots
and catchpits can trap sediment, their efficacy is strongly linked to the frequency of
maintenance, and there are significant risks associated with poor-quality water that is
stored in them being remobilised and washed downstream. SuDS can treat and clean
surface water runoff from urban areas so that the receiving environment is protected,
while at the same time conveying, storing and infiltrating surface water to protect flood
risk, river morphology and water resources, and delivering amenity and biodiversity
value for the development.

There is large variability in the level of pollutants in urban runoff. Sources of pollution
from impermeable surfaces are summarised in Table 4.1. Evidence relating to urban
runoff pollution is presented in Section 26.4. Untrafficked areas are usually the
least contaminated, with levels of contamination tending to rise with traffic intensities
(particularly manoeuvring frequencies and lorry movements) and with higher risks of
spillages and process contaminants from commercial and/or industrial activities.
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Factors affecting pollution levels in urban runoff are set out in Box 4.1, with antecedent weather
conditions (which affects the build-up of contaminants on the surface) and rainfall characteristics
influencing the amount of pollution washed off the site in any individual rainfall event.

Information regarding urban runoff contaminants is presented in Chapter 26 (Annex 1) together with
methods for assessing the level of hazard posed (Section 26.7).

Factors influencing pollution levels in urban runoff

The amount and type of pollution washed off a surface will depend on many things including:

= planned activities on, above and adjacent to the surface that affect the deposition of pollutants,
their retention on the surface and the extent to which they are mixed with runoff (including
pollution prevention strategies — see Chapter 27)

= unplanned activities (accidents and spillages) that can cause temporary unexpected high
pollutant concentrations — such as from a road accident or poor pollution prevention practices on
construction sites, housing estates, commercial and industrial zones or waste management areas

= the surface location and type, affecting wash-off rates and contaminant movement mechanisms
= the drainage path

= the length of the dry weather period before the rainfall event

= the intensity and duration of the rainfall, and the associated flow velocities

= any further pollutant transformations occurring during residence and conveyance within gullies,
chambers, pipe or channel networks, gravels, soils and vegetation and quiescent bodies of water.

The pollution risk posed by the site will depend on the sensitivity of the receiving environment, the
pathway between the source of the runoff and the receiving waters, and the level of dilution available. The
variety, scale and complexity of diffuse urban pollution can potentially lead to a range of intermittent acute
(short-term) impacts and chronic (longer-term) impacts.

The overall impact of the site on water quality in the receiving waters is dependent on the following:

= the types of pollutants on the site, as these have different effects on the receiving water body
(Table 4.1)

» the peak pollutant concentrations in the runoff from the site, as these can cause acute (short-
term) toxicity in the receiving waters

= the total pollutant load likely to be conveyed in the runoff from the site to the receiving
environment, as this can cause chronic (long-term) pollution and gradual deterioration, owing to
cumulative build-up of pollutants.

The relationship between peak pollutant concentrations and total pollutant load is discussed in Box 4.2.

Potential impacts on receiving surface waters include the blanketing of river beds with sediment and
the reduction of light penetration from suspended solids causing negative impacts on ecosystems. In
some cases, this can result in the slow decline in biodiversity and ultimately the “death” of the river.

Dissolved pollutants and hydrocarbons can lead to reductions in natural oxygen levels in surface waters,
toxic conditions, metals bioaccumulation, contamination of benthic organisms, and the death of fish

and other animals. In extreme cases (often because of misconnections with the foul sewerage system),
significant levels of pathogens may also be present in the runoff, and these can be hazardous to human
health in the event of exposure.

Pollution of groundwater, although less obvious than pollution of surface waters, tends to be
irreversible and permanent. Groundwater quality is at risk from both point source pollution (eg a leak from
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an oil storage tank) and diffuse pollution (eg leaking sewers or infiltration of contaminated runoff). Good
quality groundwater is crucial for water-dependent plants and animals, and as a source of drinking water.
Nitrates, pesticides, solvents, metals, hydrocarbons and other pollutants can potentially find their way into
groundwater with the level of risk posed depending on the following:

= The type of pollutant. Trace metal contaminants are conservative and will ultimately migrate
through the unsaturated zone — the soil layer between the land surface and the groundwater level.
Organic and some inorganic compounds, however, have the potential to undergo degradation as
they pass through the soil. Usually biodegradation is the most important process affecting organic
compounds, but other processes such as hydrolysis, reduction and substitution may be relevant to
specific compounds and subsurface environments.

= The depth of the unsaturated zone. Greater depths will tend to increase the time taken for
contaminants to migrate down to groundwater and potentially reduce the contaminant concentrations
at this point, where degradation processes occur in the soil profile.

= The characteristics of the unsaturated zone. Some soils will provide better contaminant retention
and storage, increasing the length of time before contaminants migrate down through the soil to
groundwater, and better facilitating contaminant degradation. For example, fine grained materials will
provide a better barrier to pollutant migration than materials with fissure or fracture flow paths.

= The level of build-up of contaminants within the soil profile. This will be a function of the
contaminant loading rate and the length of time over which contaminants have accumulated. Higher
loading rates are likely to reduce the period over which contaminants are retained within the soils
and prevented from downward migration.

It is therefore important to design drainage systems to protect both surface waters and groundwaters,
by assessing the potential risk posed by the site and putting in place adequate measures to reduce the
risk to acceptable levels (Section 4.2.2). This helps ensure that all discharges meet the requirements
of relevant legislation, and that discharges from SuDS are sufficiently low risk that they will not require
“permitting” or “licensing” by the environmental regulator.

Designing for water quality using a risk-based approach is discussed in Section 4.2.

Chapter 4: Designing for water quality LX)




CIRIA SubDS Manual 2015

BOX Pollutant concentrations and loads
4.2

A peak “flush” of pollutants often occurs during the early stages of a storm event, before the flow
rate in the system reaches its peak. It is possible to get a high initial pollution concentration for
relatively small rainfall events, as it does not take a great deal of rain to wash off the pollutants. This
is why it is important to manage the frequent small events effectively.

Figure 4.1 shows how pollution concentration (red) and cumulative pollution load (green) change
over time for sediments transported during a rainfall event, compared to the flow rate (blue). This
shows the initial “flush” of pollutants shortly after the start of the event, and then there is a second
peak later in the event, which coincides with a further increase in flow rate, as runoff from more
distant parts of the site reaches the downstream system.

These peaks in sediment concentration are typical of sediments transported from urban surfaces
and also for the pollutants that are predominantly attached to the sediments during an event, such
as hydrocarbons, organic compounds and heavy metals. Other pollutants (including dissolved
pollutants) can show different runoff patterns, but all show high initial concentrations due to initial
wash-off of pollutants from the catchment surface.

Concentration

Tirme

Figure 4.1 Example of flow, pollutant concentration and pollutant load build-up during a rainfall event
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TABLE Sources of pollution from impermeable surfaces (after Wilson et al, 2004)

4.1

Source

Typical pollutants

Source details

Atmospheric
deposition

Phosphorous, nitrogen,
sulphur, heavy metals’,
hydrocarbons, particulates

Industrial activities, traffic air pollution and agricultural
activities all contribute to atmospheric pollution. Rain also
absorbs atmospheric pollutants, which are then present
in runoff. Atmospheric pollutants can be deposited on, or
absorbed by roofing materials and discharged into roof
runoff — flat urban roofs are particularly vulnerable.

Traffic — exhausts

Hydrocarbons, MTBE?,
cadmium, platinum,
palladium, rhodium

Vehicle emissions include polycyclic aromatic hydrocarbons
(PAH) and unburnt fuel and particles from catalytic
converters.

Traffic — wear and
corrosion

Particulates, heavy metals’

Abrasion of tyres and corrosion of vehicles deposit
pollutants onto the road or car parking surfaces.

Leaks and spillages
(eg from road
vehicles)

Hydrocarbons,
phosphates, heavy metals',
glycols, alcohols

Engines leak oil, hydraulic and de-icing fluids and
spillages occur when refuelling. Lubricating oil can contain
phosphates and metals. Accidental spillages also occur.

Litter/animal faeces

Bacteria, viruses,
phosphorous, nitrogen

Litter typically includes items such as drinks cans, paper,
food, cigarettes, animal excreta, plastic and glass. Some of
this will break down and cause pollutants to be washed off
urban surfaces. Dead animals on roads decompose and
release pollutants including bacteria. Pets and other animals
leave faeces that wash into the drainage system.

Vegetation/ landscape
maintenance

Phosphorous, nitrogen,
herbicides, insecticides
and fungicides, organic
matter

Leaves and grass cuttings are an organic source.
Herbicides and pesticides used for weed and pest control in
landscaped areas such as gardens, parks, recreation areas
and golf courses can be a major source of pollution.

Soil erosion

Sediment, phosphorous,
nitrogen, herbicides,
insecticides and fungicides

Runoff from poorly detailed landscaped or other areas can
wash onto impervious surfaces and cause pollution of runoff.

De-icing activities

Grit, chloride, sulphate,
heavy metals’, glycol,
cyanide, phosphate

Salt is commonly used for de-icing roads and car parks.
Rock salt used for this purpose comprises sodium chloride
and grit. It can also include cyanide and phosphates for anti-
caking and as corrosion inhibitors, heavy metals, urea and
ethylene glycol.

Cleaning activities

Sediment, phosphorous,
nitrogen, detergents,
hydrocarbons

Washing vehicles, windows, bins or pressure washing
hardstandings leads to silt, organic matter, detergents and
hydrocarbons (mobilised by the detergents) entering the
surface water drainage.

Sewer misconnections

Bacteria (including
pathogens), detergents,
organic matter and textiles

Accidental (but illegal) connections of foul sewers to surface
water sewers — where separate sewers exist.

lllegal disposal of
chemicals and oil

Hydrocarbons, various
chemicals

lllegal disposal of used engine oils or other chemicals can
occur at small (domestic) or large (industrial) scales.

Note

1 Heavy metals include: lead, cadmium, copper, chromium, nickel, zinc, mercury. Not all heavy metals are present in all cases.

2 Methyl tert-butyl ether.
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4.2 WATER QUALITY DESIGN CRITERIA

4.2.1 Summary

The design criteria presented here should be applied to manage the quality of runoff to support and
protect the natural environment effectively. Managing water quality can also contribute to the design
criteria for water quantity, amenity and biodiversity and, therefore, should be considered alongside these
(see Chapters 3, 5 and 6).

Indicators can be used to evaluate the extent to which these design criteria are being delivered by a
SuDS design. Water quality design criteria and example indicators are presented in Table 4.2.

TABLE Water quality design criteria and example indicators
4.2

Water quality design criterion | Example indicator

The extent of pollution prevention activities in the catchment (Chapter 27)

The extent to which appropriate risk management measures for spillages
are in place
The proportion of permeable surfacing, green roofs, and/or surfacing that
1 Support the management of discharges to a rainwater harvesting system or soil-based feature
water quality in receiving surface | Delivery of Interception and treatment to meet the standards set out in
waters and groundwaters Section 4.3
The proportion of the surface water management system that is on or near
the surface and facilitates treatment

The extent to which the design of the system demonstrates attention to
sediment retention, such as forebays or hydrodynamic separators

2 Design system resilience to cope | The design of the system includes allowances for climate change and
with future change urban creep

These design criteria are discussed in more detail in following subsections. Where minimum performance
targets or specific levels of service should be achieved by a SuDS design, these are detailed in Section
4.3, and guidance is provided as to how these can be met. Regional or local standards as set out in
adopted supplementary planning documents (SPDs) may take precedence.

4.2.2 Water quality criterion 1: Support the management of water quality in receiving surface waters
and groundwaters

To protect the water quality of receiving surface waters and groundwaters effectively (both now and

in the future), runoff discharged from the site should be of an acceptable water quality. Even where a
receiving water already contains elevated levels of pollutants, and the surface water discharge is unlikely
to have a significant impact, pollutants generated by site activities should be managed on site. This helps
ensure that current or future water quality objectives for the receptor are not compromised and that risks
associated with acute (temporary and unexpected high contaminant loadings) are minimised.

Pollution control can be achieved through:

= Pollution prevention: stopping contaminants becoming mixed with runoff, for example road
sweeping, preventing misconnections, bunds for oil tanks, controlling sediment. Where pollution
prevention is a fundamental part of environmental protection, it should deliver predictable and
guaranteed outcomes. This is normally only achievable on sites where the site operator is also
responsible for the drainage system and any downstream pollution, such as on industrial sites.
Community strategies are valuable in reducing risks to downstream SuDS performance, but as
these are voluntary, such strategies cannot be relied upon to deliver the required outcome. Pollution
prevention strategies are discussed in detail in Chapter 27.
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= Interception: preventing runoff (and the associated pollution load) from the majority of small
rainfall events, for example through the use of pervious surfaces and vegetated collection systems.
Interception helps facilitate the retention of pollutants in surface vegetation, soil or other material
layers from where a proportion can often be degraded. This can reduce the potential total pollution
load discharged to the receiving surface waters over the year (noting that risks to groundwater
should always be managed effectively). The requirement for Interception is set out as water quality
standard 1 in Section 4.3.1. It is also required by water quantity standard 1 in Section 3.3.1, and
guidance on designing for Interception is set out in Section 24.8.

= Treatment: implementing SuDS components (in series where required) that use a range of
treatment processes to reduce contaminant levels in the runoff to acceptable levels. Treatment
components will often deliver Interception and usually also meet conveyance and storage
requirements. The requirement for treatment is set out as water quality standard 2 in Section 4.3.2.
Guidance on designing a treatment system is set out in Section 26.8.

= Maintenance and remedial work to remove captured pollutants and maintain system performance
(Chapter 32).

Treatment design, wherever practicable, should be based on the good practice described in Box 4.3.
The opportunities for a designer to apply these practices in full will be dependent on site characteristics,
development context and local planning objectives. To maximise the opportunities afforded by these
approaches, they should be considered at an early stage of the design process and fully integrated into
that process.

The wide range and levels of contaminants in surface runoff, together with the natural variability
associated with SuDS pollution removal processes (Section 26.6) means that water quality needs to be
managed using a robust, risk-based approach. This is usually facilitated via a SuDS Management Train
of a number of components in series that provide a range of treatment processes delivering gradual
improvement in water quality and providing an environmental buffer for accidental spills or unexpected
high pollutant loadings from the site (Section 26.8). In some cases, it may be possible to deliver the
appropriate risk management using a single component, where this has been designed to deliver the
required pollution control for the range of expected contaminants.

The most appropriate approach for managing pollution on any site often depends on how the site is split
up in terms of ownership or use, the layout and characteristics of the development and the best ways of
delivering the quantity, amenity and biodiversity design criteria (Chapters 3, 5 and 6).

Managing pollution close to its source can help keep pollutant levels and accumulation rates low —
allowing natural treatment processes to be effective. This can help maximise the amenity and biodiversity
value of downstream surface SuDS components and can keep maintenance activities straightforward
and cost-effective. Where a site is owned or used by more than one individual or organisation (eg on
commercial/industrial sites), it allows sources of pollution to be traced and controlled, so the location of
SuDS components on a site can be fundamental to their success in managing pollution. Treatment can
often be delivered within the same components that are delivering water quantity design criteria, hence
requiring no extra cost or land-take.
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BOX Good practice for SuDS treatment design
4.3

1 Manage surface water runoff close to source

Where practicable, treatment systems should be designed to be close to the source of runoff. The
advantages of this approach from a water quality perspective are as follows:

= ltis easier to design effective treatment when the flow rate and pollutant loadings are relatively low.

= The treatment provided can be proportionate to the pollutant loadings, ie parts of the site with low
pollutant loads do not need to have as much treatment as highly polluting parts of the site.

= Accidental spills or other pollution events can be isolated more easily and dealt with effectively
without affecting the downstream drainage system.

= It encourages ownership of pollution, for example having treatment delivered on individual plots
(where responsibility for performance and maintenance of the SuDS component(s) lies with the
property owner) or adjacent to specific lengths of road.

= Poor treatment performance or component damage/failure can be isolated more easily and
dealt with effectively without impacting on the whole site.

2 Treat surface water runoff on the surface

Where practicable, treatment systems should be designed to be on the surface. The advantages of
this approach from a water quality perspective are as follows:

= Where sediments are exposed to UV light, photolysis and volatilisation processes can act to
break down contaminants — specifically oils and other hydrocarbons.

= If sediment is trapped in accessible parts of the SuDS, it can be removed easily as part of
routine landscape maintenance work.

= It enables use of evapotranspiration and some infiltration to the ground to reduce runoff volumes
and associated total contaminant loads (ie Interception), provided that the risk to groundwater is
managed appropriately (Section 26.7).

= It allows treatment to be delivered by vegetation.
= Sources of pollution can be easily identified.
= Accidental spills or misconnections are visible immediately and can be dealt with rapidly.

= Poor treatment performance or component damage/failure is easily identified during routine
inspections, and remedial works can be planned efficiently.

3 Treat surface water runoff to remove a range of contaminants

The SuDS design should consider the likely presence and significance of any contaminant that may
pose a risk to the receiving environment, and the SuDS component or combination of components
selected should include treatment processes that, in combination, are likely to reduce this risk to
acceptably low levels.

4 Minimise risk of sediment remobilisation

The SuDS design should consider and mitigate the risks of sediments (and other contaminants)
being remobilised and washed into receiving surface waters (or onto surfaces through which runoff
is designed to infiltrate) during events greater than those for which the treatment component has
been specifically designed. Guidance is provided in each of the technical component chapters
(Chapters 11-23).

5 Minimise impacts from accidental spills

By using a number of components in series, SuDS design can help ensure that accidental spills are
trapped in/on upstream component surfaces, facilitating contamination management and removal.
The selected SuDS components should deliver a robust treatment design that manages the risks
appropriately — taking account of the uncertainty and variability associated with both the pollution
loadings and the treatment processes.
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Water quality criterion 2: Design system resilience to cope with future change

In order that the drainage system will continue to provide effective management of runoff to support and
protect the natural environment, SuDS treatment designs should take account of the potential impacts
of climate change on the system processes and associated performance, and consider measures/
approaches that aim to make the system more resilient.

Key projected climate changes relevant for treatment systems are increases in ambient temperatures
and reduced rainfall during the summer — both of which may affect the survival or success of some types
of plants. Increased temperatures of runoff can also be damaging to sensitive ecosystems, but this risk
should be mitigated to some extent through the use of SuDS.

Itis less important to design in system resilience to manage increased runoff (for water quality
management), due to the focus on preventing and/or treating relatively low flows.

WATER QUALITY DESIGN STANDARDS

The following are standards of “good practice”. Local planning documents or national standards may
take precedence.

Water quality standard 1: Prevent runoff from the site to receiving surface waters for the
majority of small rainfall events

No runoff should be discharged from the site to receiving surface waters or sewers for the majority of
small (eg < 5 mm) rainfall events. This is termed Interception.

This standard is the same as water quantity standard 1a (Section 3.3.1). This is because the delivery of
Interception provides both water quantity and water quality benefits.

Runoff from small rainfall events can pose a particular problem for water quality in receiving surface
waters because:

= it contains the initial flush of pollutants that has built up on surfaces during the preceding dry period
(Box 4.2)

= there are many more smaller rainfall events than larger ones, leading to frequent flushing of
pollutants from surfaces

= the volume of runoff from all small rainfall events tends to comprise a significant proportion of the total
runoff volume in any given period, and together with the relatively higher pollution concentrations, can
contribute significantly to total pollutant loadings from the site over a specified period of time.

Retaining these regular events and their pollutant loads on site will help protect receiving surface waters
against ongoing chronic pollution risks and contaminant accumulation. Where Interception includes
infiltration, even though volumes may be small, the protection of groundwater should be fully considered
and any risks managed to acceptable levels (Section 26.7). Although a proportion of pollutants retained
within SuDS components in soils is likely to be degraded, some pollutants are likely to build up over
time. Therefore, these may need removing during routine maintenance (eg sediments from sediment
removal components) or as part of component rehabilitation (eg when the capacity of soil layers to
retain pollutants has been exhausted, although this is unlikely to be required during the design life of the
development, if the drainage system is designed correctly — see Scott Wilson, 2010).

Rainfall events that are less than or around 5 mm in depth comprise more than half of all rainfall events
across the UK. On natural catchments, such events rarely produce any runoff at all. However, on
impermeable catchments, runoff tends to be generated for almost all events. The hydraulic drivers for
designing drainage systems that retain and prevent runoff from the first 5 mm of rainfall for the majority
of rainfall events, are set out in Chapter 3 and include protecting the receiving surface waters from
morphological and associated ecological damage from unnatural regular surface water discharges.
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Interception can be delivered via rainwater harvesting systems, green roofs, infiltration systems, pervious
surfaces and vegetated SuDS. By using the storage available in soil or aggregate matrices, together
with evapotranspiration and infiltration processes, many components can intercept 5mm of rainfall for
contributing surfaces several times greater than their own surface area. Interception design methods are
set out in Section 24.8.

Requiring Interception for the “majority” of events recognises that once soils are saturated (mainly
during or following long periods of wet winter weather) runoff will occur, and drainage systems cannot be
expected to prevent this. Events that follow on quickly from a previous event may also not be completely
captured by a drainage system designed for Interception.

Maximising Interception in the summer months is particularly important for protecting receiving surface
waters. Runoff during the summer months can cause greater problems for receiving surface waters than
runoff in winter months, due to low flows in the receiving surface water. Limited dilution of pollutants within
runoff and within the receiving surface water receptor may cause increased localised pollutant impact.

Water quality standard 2: Treat runoff to prevent negative impacts on the receiving water quality

Runoff should be adequately treated to protect the receiving water body from:

1 Short-term acute pollution that may result from accidental spills or temporary high pollution
loadings within the catchment area.

2 Long-term chronic pollution from the spectrum of runoff pollutant sources within the urban environment.

The extent of treatment required will depend on the land use, the level of pollution prevention in the
catchment (Chapter 27) and for groundwater the natural protection afforded by underlying soil layers.
High hazard sites will have a higher potential pollution load and higher potential maximum pollution
concentrations. They will therefore tend to require more treatment than low hazard sites in order to deliver
discharges of an acceptable quality. The land use will also dictate the likely significance of different types
of contaminants in the runoff, and this may influence the treatment processes that need inclusion within
the treatment system. The treatment processes provided by different SuDS components will have varying
capabilities to remove different types of contaminants.

Most sites will be relatively low risk, and the risk can be mitigated by implementing SuDS components
close to the source of runoff and in sequence where higher levels of protection are required (ie the SuDS
Management Train). SuDS components usually offer a range of treatment processes and, in sequence,
deliver gradual improvements in water quality, as well as providing an environmental buffer for accidental
spills or unexpected high pollutant loadings from the site

P> Guidance on designing a treatment system using a SuDS Management Train is provided in
Section 26.8.

Discharges to receiving waters that are close to a drinking water abstraction point may require greater
protection, so an extra treatment component (over and above what is sufficient for standard discharges)
may be required in the SuDS Management Train to adequately manage the risks associated with
unexpected temporary high pollution loadings and/or poor system performance.

In England and Wales, reference to local planning documents should also be made to identify any
further protection required for sites due to habitat conservation (Chapter 7). The implications of
developments on or in close proximity to an area with an environmental designation, such as a site
of special scientific interest (SSSI), should be considered via consultation with relevant conservation
bodies such as Natural England.

Discharges from some land uses (eg industrial sites) may be considered particularly high risk — in which
case the drainage system will need to be designed to meet the requirements established by a site-
specific risk assessment (Section 26.7.3) and agreed with the environmental regulator. Design solutions
will depend on the level of risk and may include one or more of the following:
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= an additional SuDS component in the Management Train or an active intervention (eg stopcock,
penstock or other control structure that is watertight at low hydraulic heads) to adequately manage
the risks associated with spillages (acute pollution), poor system performance (eg due to seasonal
impacts), the inherent performance variability of natural systems and/or delays in effecting
maintenance

= a bespoke treatment system where the range, type and level of the contaminants and the
performance of the system in managing the contaminants is well understood — in such scenarios,
ongoing monitoring of the system will often be required

= prevention of the discharge (eg by covering the activity and draining the area to the foul sewer) or
site-specific pollution prevention strategies.

The requirements for discharges to surface waters need to be considered where the runoff from frequent
events (eg up to about a 1:1 year event) is conveyed via the drainage system to a receiving surface
water body. The design water quality event for components that treat runoff as it flows through media

or vegetation is usually set as the 1 year, 15 minute (or other relevant critical duration) event. For ponds
the design water quality event is usually set as a depth of rainfall (Section 23.5). Where discharges to
surface waters will only occur for larger events, pollution risks are generally not considered significant,
and treatment is generally not required (although this should be checked on a site-specific basis with the
environmental regulator).

With respect to the requirements for discharges to groundwater, the environmental regulators in different
parts of the UK take different approaches to the level of infiltration considered to pose a potential risk:

= In England and Wales, the requirements for discharges to groundwater should be considered
wherever there is a chance of infiltration, even when this will only be in small amounts (eg from the
base of conveyance swales and detention basins), as well as for components designed specifically
for infiltration.

= In Scotland and Northern Ireland, the requirements for discharges to groundwater only need to be
considered where components are designed specifically for infiltration (eg soakaways, infiltration
trenches, infiltration basins).

Groundwater protection is required for any event > 1 year where the runoff is discharged via infiltration.
The following points should be noted when using Table 4.3:
Discharges to either surface waters and/or groundwater

1 If the specific land use associated with the catchment to be drained is not given in the table, then
guidance on the appropriate approach should be sought from the environmental regulator.

2 Contaminated runoff from areas handling hazardous or highly polluting materials, such as food
waste, chemical and fuel handling areas, animal management and agricultural facilities*, vehicle
refuelling or washing operations should be minimised (eg by covering) and any wash-off that is
generated should be drained to an appropriately maintained and managed, sealed and discrete
disposal solution, such as the foul sewer. The protection of nitrate-vulnerable zones is also likely to
be relevant (https://www.gov.uk/nitrate-vulnerable-zones).

* Note that in England, guidance on rural SuDS is provided by Avery (2012).

3 Developments such as industrial sites, waste management sites and lorry and bus/coach parking
or turning areas need to be discussed as part of pre-permitting discussions with the environmental
regulator, and they may need authorisation (Box 4.4). In such circumstances SuDS may still be
appropriate, but the design of the system will be dependent on the outcomes of a site-specific risk
assessment (Section 26.7.3).
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Discharges to groundwater only

1 The discharge of clean roof water to the ground is acceptable provided that (a) all roof water
downpipes are sealed against pollutants entering the system from polluted surface runoff, effluent
disposal or other forms of discharge and (b) gross sediments and silts are removed upstream of the
infiltration component.

2 There should be a minimum depth of 1 m of unsaturated aquifer material between the base of any
infiltration system and the maximum likely groundwater level (taking account of potential shifts in
groundwater level resulting from extended periods of wet weather). Evidence from groundwater
records may demonstrate the maximum groundwater levels, but where there is any uncertainty,
appropriate groundwater monitoring should be undertaken to demonstrate levels across the site.
Ground investigation should establish the typical maximum upper level of the saturated layer of an
unconfined aquifer. “Typical” in this context would be a representative winter water table level, based
on hydrogeological records and/or expert opinion and discounting extremes in weather or artificial
suppression by engineering techniques such as pumping.

3 The method of discharge should not create new pathways for pollutants to groundwater or mobilise
contaminants already in the ground (EA, 2013).

4 For contaminated land sites, the site investigation report should be used to identify any residual
hotspots where pollutants are still likely to be present, and these areas should be located on the site
plan. Any infiltration through contaminated soils could potentially mobilise or remobilise pollutants,
alter remedial measures undertaken on site and cause pollution of groundwater. Guidance on an
appropriate approach for this should be sought from the environmental regulator. A discharge that
disturbs land that subsequently causes a release of pollutants to groundwater may potentially require
an environmental permit, or alter liabilities under Part lla of the Environmental Protection Act 1990.
Guidance on designing SuDS for contaminated land sites is included in Section 8.2.

BOX UK regulations for discharges to groundwaters
4.4

The regulators in England and Wales should be consulted if a discharge meets the definition of a
groundwater activity under the Environmental Permitting (England and Wales) Regulations 2010 and
does not meet an appropriate exemption.

In Northern Ireland, a discharge consent, groundwater authorisation or pollution prevention and
control (PPC) permit may be required for surface water discharges to the ground.

In Scotland, an authorisation under the Water Environment (Controlled Activities) (Scotland)
Regulations (CAR) 2011 or a pollution prevention and control (PPC) permit may be required. In
Scotland, certain discharges to surface waters are automatically authorised by general binding rules
(GBR). In such cases, it is not necessary to apply for authorisation from SEPA, but the design and
discharge must comply with the conditions of the GBR.
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TABLE Minimum water quality management requirements for discharges to receiving surface waters

4.3 and groundwater

Land use Pollution | Requirements for Requirements for discharge to
hazard discharge to surface groundwater
level waters, including

coasts and estuaries?

Residential roofs Very low Removal of gross solids and sediments only

Individual property driveways,
roofs (excluding residential),
residential car parks, low

traffic roads (eg cul de sacs, | Simple index approach®
ow
home zones, general access Note: extra measures may be required for discharges to protected resources’

roads), non-residential car
parking with infrequent
change (eg schools, offices)

Simple index approach?®

Note: extra measures may be required for

. . discharges to protected resources1
Commercial yard and delivery El 2

areas, non-residential car In England and Wales, Risk Screening*

i i Simple index approach® must be undertaken first to determine
parking with frequent change Medium Note: extra measures may u u

(eg hospitals, retail), all roads be required for discharges to whether consultation with the

except low traffic roads and protected resources' environmental regulator is required.

trunk roads/motorways In Northern Ireland, the need for risk
screening should be agreed with the
environmental regulator.

Trunk roads and motorways High Follow the guidance and risk assessment process set out in HA (2009)

Sites with heavy pollution
(eg haulage yards, lorry
parks, highly frequented

lorry approaches to industrial ) ) ) . .
Discharges may require an environmental licence or permit®.

High Obtain pre-permitting advice from the environmental regulator. Risk
assessment is likely to be required?.

estates, waste sites), sites
where chemicals and fuels
(other than domestic fuel oil)
are to be delivered, handled,
stored, used or manufactured,
industrial sites

Notes

The minimum water quality management requirements for discharges to receiving surface waters and groundwater are presented

here. (For Northern Ireland, this guidance should be considered as interim until such time as Northern Ireland publishes its own

legislation/policy/guidance.)

1 These are not required in Scotland and Northern Ireland. For England and Wales, see Step 3 of the simple index approach
(Section 26.7.1).

Protected surface water resources will include those designated for drinking water abstraction or for other environmental
protection reasons. Protected groundwater resources are represented by SPZ1s in England and Wales.

2 In Scotland, the Water Environment (Controlled Activities) (Scotland) Regulations (CAR) 2011 General Binding Rules, Rule 10 (d)
(iv) effectively provides an exemption from requiring SuDS for coastal discharges. However, control of any contaminants likely to
be present in surface water runoff is still required, but can be delivered using alternative methods such as proprietary treatment
products. As the term ‘SuDS’ in this manual includes proprietary treatment products, this exemption is not valid in this context.

3 The application of the simple index approach should follow the approach outlined in Section 26.7.1 (or equivalent approved).

Risk screening is an assessment to identify high risk scenarios where the Environment Agency or Natural Resources Wales
(NRW) would wish to be consulted regarding infiltration of water from surface runoff in order to agree the proposed design
approach. The risk screening method is provided in Section 26.7.2.

5 The risk assessment should determine the appropriate design approach to mitigate risk to acceptable levels following the
guidance outlined in Section 26.7.3. This assessment should be approved by the environmental regulator.
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Designing for amenity

This chapter explains the objective of designing for amenity, and the
design criteria that should be followed to deliver this objective.

» This chapter should be read alongside Chapters 3, 4 and 6 to understand how the
different SuDS design criteria relate to each other, and Chapter 7 to understand when
and how to apply these criteria.

» Further discussion on designing for amenity specifically within the urban context can
be found in Chapter 10.

5.1 AMENITY DESIGN OBJECTIVE

Create and sustain better places for people

Good urban design aims to deliver attractive, pleasant, useful and above all “liveable”
urban environments that support and enhance local communities (Box 5.1). Water

is a valuable natural resource, and the management of rainfall and runoff can form

a key part of an urban vision. Designs using surface water management systems to
help structure the urban landscape can enrich its aesthetic and recreational value,
promoting health and well-being and supporting green infrastructure. Water managed
on the surface, rather than underground, can help to reduce summer temperatures,
provide habitat for flora and fauna, act as a resource for local environmental education
programmes and working groups and directly influence the sense of community and
prosperity of an area. SuDS can provide opportunities for water to be visible and
audible as it travels through the landscape — the places where water flows, stills, trickles
or splashes are often where it is experienced and valued the most.

BOX Amenity, place-making and liveability

5.1

Amenity may be defined as “a useful or pleasant facility or service”,
which includes the tangible (something that can be measured in terms
of use), and the less tangible (something that can be experienced as
pleasure or aesthetic appreciation).

This definition is particularly relevant for describing the multi-functional
opportunities associated with SuDS designs, and it provides a link to the
concept of place-making, now commonly used in describing the quality
of a space in urban design.

Amenity also covers liveability, which is associated with factors that improve
the quality of life for inhabitants. Liveability encompasses the well-being of a
community and of individuals and comprises the many characteristics that
make a location a place where people want to live and work.

There are many amenity benefits that are intrinsic to SuDS — good SuDS design
often provides amenity benefits while delivering water quantity, water quality and
biodiversity benefits.

Where the concept of “creating and sustaining better places for people” is embedded in
the design process, these benefits can be maximised. Table 5.1 provides a summary of
how SuDS can add amenity value. Further information on amenity benefits of SuDS can
be found in Digman et al (2015).
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TABLE Types of amenity benefits delivered by SuDS
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5.1

Amenity Examples

category

Air quality SuDS using blue and green areas, including grass and trees, provide significant air quality
improvements improvements by, for example, trees “scrubbing” fine particulates from urban streets.

Air and building
temperature
regulation

Green and blue infrastructure buffers and moderates extreme temperatures, which will
become increasingly important in future, as the climate changes and cities get hotter.

Biodiversity and
ecology

Green and blue SuDS help to support flora and fauna for the benefit of communities, and it
is here that SuDS amenity and biodiversity value come together (Chapter 6).

Carbon emission
reduction and
sequestration

Plants and soils take in and store CO, and other greenhouse gases, so where SuDS use
plants this potential can be exploited.

SuDS tend to require less energy use in all stages of the supply chain and life cycle than
conventional drainage and, by harvesting water at source, this also saves energy.

Community cohesion
and crime reduction

SuDS can help bring communities together. By increasing opportunities for human interaction
and creating more enjoyable environments, people are more likely to feel they belong to the
community and take a greater pride in their neighbourhood. This is especially the case if the
community has been involved in the SuDS design process and residents have ownership of the
ongoing maintenance (even if only in part).

Economic growth

Attractive places (particularly where water is a feature of the design) tend to encourage and
support inward investment. Productivity tends to be enhanced in attractive environments, such as
business parks with green spaces.

and inward
) Green and blue SuDS have been shown to add value to land and property nearby.
investment
The SuDS in themselves may provide interest for tourists especially where they are a novelty.
SuDS also contribute to the creation of attractive places that appeal to tourists.
By using green and blue spaces as part of the management of the water cycle this provides
Education many opportunities to support education both formally in schools and in communities as a

whole through environmental groups.

Health and well-being

Green and blue infrastructure can play an important role in maintaining mental and physical
health by providing places for recreation and relaxation (see Recreation).

Noise reduction

SuDS and associated trees and grassed areas can provide noise-absorbent barriers and
surfaces. Green roofs provide sound insulation for buildings.

Security of water
supply

Direct collection of rainwater to use for domestic and other purposes saves water, and
potentially provides essential irrigation resources and long-term viability for amenity trees,
vegetation and crops.

Recreation

SuDS can deliver a wide range of green and blue spaces that can be used for walking, cycling,
informal play, organised sports and games etc (see Health and well-being).

Where SuDS are part of the wider “green” landscape, this tends to bring the widest range of benefits to
people. The importance of green space (including spaces with water, sometimes referred to as blue space) to
the quality of urban life is well recognised. For example, it plays an important role in tackling a range of health
and social problems (Bird, 2007). Residents are more likely to reach recommended daily walking levels when
they live near safe, attractive green spaces (Bird, 2004). Research studies have shown that patients in hospital
rooms with views of trees and plants made fewer requests for pain medication and experienced a speedier
recovery following surgery, compared to patients with views of streets and buildings from their windows
(Ulrich, 1984). Tree views have also been shown to improve office workers’ job satisfaction (Trellis, 2013).

Amenity and biodiversity are often considered together, but they are each important in their own right,
and the overlaps and linkages should be recognised by designers. Designing for biodiversity is discussed
in Chapter 6. Creating and sustaining as many amenity and biodiversity benefits as possible should be
considered alongside designing for water quantity and quality.
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STUDY
5.1

Figure 51 The green
The Triangle is an award-winning development

of 43 low-cost properties (2, 3 and 4 bedrooms)
for social housing in Swindon. The design looked
to conserve 50% of the area for contiguous

open space as a multi-functional landscape. The
integrated plan combined social requirements with
water attenuation and storage, biodiversity and
edible streets and gardens.

All roof water is harvested and stored in
underground tanks located in two kitchen gardens,
accessed by hand pumps to irrigate vegetables
and fruits. Surface water is attenuated in porous
paving on all car park spaces, and the home zone
street water is conveyed by a wide dished granite
sett channel that clearly shows water moving
towards a bioswale on two sides of the central
triangular green. The base of the swale is planted
with white willows and damp meadow species for
biodiversity, water treatment, air improvement,
urban thermal regulation and aesthetic amenity,
making reference to the landscape signature of
this clay lowland. It is a place for playing in, with
stepping and balancing logs and bridges, and it
forms a barrier for cars that might be tempted to
park on the green.

Water filtered by vegetation is conveyed to a
geocellular storage tank under the green, and

a hand pump linked to a rill carved in a tree

trunk allows kids to play with water. Finally, any
excess water from the storage tank can be stored
in oversized storm drains under the road, a
requirement of Thames Water.
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Figure 5.2 Play pump (a) and hand pump (b) in the
kitchen garden (courtesy Studio Engleback)
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AMENITY DESIGN CRITERIA

5.2.1 Summary

The amenity design criteria presented here should be applied to maximise the amenity value from a
SuDS scheme for the development and for the local and wider community.

The extent to which each amenity design criterion can be addressed by the designer will depend on
local requirements and site-specific characteristics. Amenity objectives for surface water management
systems may be specified at a catchment or local level within local development documents, and these
should be referenced and considered early in the SuDS design process.

To facilitate the design of high quality, high value and truly multi-functional urban space that delivers
effective drainage and also derives benefit from the presence of water, SuDS design should be
considered during all stages of planning and site design (Chapter 7). This level of integration and multi-
functionality is likely to require interdisciplinary working, particularly between landscape architects and
drainage engineers.

Indicators can be used to evaluate the extent to which the amenity design criteria are being delivered
by a SuDS design. The amenity design criteria and example indicators are presented in Table 5.2. A
regulatory, approving or adoption body may choose to develop alternative indicators considered more
appropriate for meeting local requirements or strategies (such as those relating to green infrastructure).

The criteria and the methods by which these criteria can be implemented for a site are then discussed
further in the following subsections. These design criteria should be considered alongside design criteria
for water quantity, water quality and biodiversity (Chapters 3, 4 and 6).

TABLE Amenity design criteria and example indicators
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5.2

Amenity design criteria Example indicators

. . ) . The number, variety and quality of additional and multi-functional uses for SubDS,
1 Maximise multi-functionality . . )
such as recreational areas, car parking or traffic management

The proportion of the drainage system that is designed to be visually attractive,
2 Enhance visual character adds visual value to the development, supports local heritage and landscape
character and integrates appropriately with the surrounding area

3 Deliver safe surface water The consideration of public safety within the design of each SuDS component
management systems (related to the “use” of the system as an amenity feature)

The proportion of the drainage system that is designed with an allowance for

4  Support development future climate change or development change
resilience/adaptability to The proportion of the drainage system that will contribute to the development’s
future change climate resilience, such as reducing the heating/cooling needs of buildings or

through shade provision

5 Maximise legibility The proportion of the system that is visible
6 Support community The extent of community awareness strategies, school involvement, community
environmental learning education strategies, visitor provision etc

5.2.2 Amenity criterion 1: Maximise multi-functionality

Multi-functional land use will always deliver development outcomes that are more cost-effective and
viable. This becomes particularly important in dense urban areas and is discussed further in Chapter 10.

Designing SuDS so that the space in which they exist performs multiple functions becomes increasingly
important as the density and proportional impermeability of development rises. Opportunities for the
creation of SuDS can be found in even the smallest of spaces, and lack of space should not be a reason
for not using SuDS.

Part B: Philosophy and approach



CIRIA SuDS Manual 2015

SuDS components can have a wide range of uses in addition to their water quantity and water quality
management functions, and designers should work with planners and landscape architects to maximise
the landscape value. Examples of where land for SuDS can have an additional use are discussed below.

Recreation

SuDS can offer a wealth of opportunities within developments for both passive and active recreation for
the local community.

Where possible, surface water management systems should be designed to help create relaxing,
pleasurable, useable, useful and fun environments for local communities to enjoy. SuDS designs can
create conditions where people can interact with and enjoy water in ways that are relaxing, entertaining,
stimulating and refreshing as well as aesthetically pleasing (Section 5.2.3). Larger open water and
wetland areas can provide a focus for footpaths and trails, providing attractive areas for walkers, cyclists
and joggers, with access to the water at appropriate locations. Larger areas of permanent water in SuDS
ponds can potentially provide opportunities for angling and wildlife observation.

Water and play go well together (see Case study 5.2). Most children (as well as some adults and pets)
enjoy playing with water. While playing, children can also learn at the same time. Water areas for play
include shallow pools, artificial channels and chutes (some of which will only be wet when it rains). A
number of best practice guides are available for maximising the benefit value and opportunities from the
use of SuDS for play, for example from Planet Earth Ltd (2010).

CASE Orange Park, London
STUDY | 7 i
5.2 )

Figure 5.3 Orange Park, London (courtesy Planet
Earth)

At Orange Park in the City of Westminster, London,
the colourful ceramic decorated concrete channels
branch outward and diversify, leading this way and
that, between hills, under bridges and finally into
reed beds. During rainfall, the runoff is captured
and channelled, allowing children to chase, hop
and splash in the water until it eventually reaches
planting beds with integrated soakaways.

Chapter 5: Designing for amenity 71




72

CIRIA SubDS Manual 2015

Using exceedance storage areas (ie surface water storage zones designed to manage large, rare rainfall
events) for recreational purposes, such as sports pitches, can increase their economic viability. The likely
inundation frequency of an area and the time taken for it to recover following a flood will tend to determine
the suitability of its use for other functions. Where components of drainage systems lie beneath the
ground, the land surface can often have a secondary use, provided that this does not pose a structural
risk to the SuDS component. For example, subsurface attenuation storage systems can be sited below
permeable surfaces used for recreation, local roads or car parking.

Traffic management

Surface water management components can often be integrated with road space, traffic management
schemes and sustainable transport corridors (eg cycle routes) to manage day-to-day and/or exceedance flows
while potentially aesthetically enhancing the urban environment. Where bioretention systems are integrated
with traffic calming build-outs, for example, they can also assist in improving local environments and bringing
enhanced economic development.

Figure 5.4 Examples of bioretention systems providing traffic calming measures, Llanelli (courtesy DWwr Cymru
Welsh Water)

Car parking and streetscapes

Where a car parking or pedestrian/cycle way surface is designed to be pervious, surface water can be
stored and treated within the sub-base, before controlled discharge or infiltration into the ground.

Vegetated strips, swales, bioretention systems, tree pits and basins can be designed adjacent to car parks
in required green space provision to treat and control runoff, while at the same time providing amenity value
to car park users and adjacent pedestrian, commercial and residential zones. Rain gardens and bioretention
areas can be integrated into a streetscape complementing or supporting the delivery of a wide range of
street features, such as on-street parking, pedestrian crossing points and spaces for cycle hire and storage.

=

Figure 5.5 Rain garden, Ribblesdale Road, Nottingham  Figure 5.6 Community planting event for rain garden,
(courtesy Environment Agency) Derbyshire Street, Bethnal Green, London (courtesy
Greysmith Associates)
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Figure 5.7 Greenwich University vegetable growing plot Figure 5.8  Portland City Council edible garden (courtesy
Heriot-Watt University)

Horticulture

Urban communities are also increasingly creating spaces for horticulture. SuDS can support the
irrigation needs for such areas (see Chapter 3 water quantity criterion 1) and can be integrated with
new productive landscape spaces. These productive landscapes not only provide harvestable fruit and
vegetables, but also support community cohesion, the aspirations of individuals and opportunities for
employment and add to biodiversity.

5.23 Amenity criterion 2: Enhance visual character

Urban spaces should be designed to provide high
quality, visually attractive and appealing places

for residents, workers and visitors. Each surface
conveyance and storage component within the SuDS
Management Train can enhance the visual aesthetics
of the development and contribute to building character
(eg green roof) or to the setting for the buildings. SuDS
can be designed to integrate with and improve the built
form and surrounding urban landscape and contribute
to new or support existing green space.

Landscape Institute and the Institute of
Environmental Management and Assessment (2013)
provides best practice guidance on assessing and
enhancing the visual amenity of land. Many planning
applications require some form of visual assessment.
For larger schemes, the assessment is part of the
statutory procedures in the Environmental Impact
Assessment (EIA). Landscape and visual effects
should be assessed separately despite being

linked. The former is considered as an effect on the
environment, while the latter is considered in terms
of the effects on people.

By enhancing visual character and increasing the
attractiveness of individual buildings, locations and
areas, SuDS can help contribute to a number of
amenity benefits, including enhanced economic
investment within the local area, increased
employment productivity due to the quality of the
working environment, enhanced property and land  Figure 5.9  Canalside living, Redhill, Surrey (courtesy
values and increased tourism. Studio Engleback)
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Not all of these benefits are exclusively because of SuDS, and many would come about anyway if green
areas were used or open water features added to a landscape. It is important that visual benefits are not
attributed incorrectly to SuDS unless greening of an area would not have happened without SuDS being
installed (Chapter 35).

The visual aesthetic value should be considered at elevation as well as at ground level. Well designed and
integrated SuDS components can contribute to urban art, townscape character and the distinctiveness of a
location, attracting tourists and enhancing the quality of life of those who use the area. The ways in which
runoff can be managed, to provide attractive and interesting visual structures on individual buildings such as
roofs, walls, spouts, cascades, rain slides, rain chains etc, is only limited by the designer’s imagination and
creativity and the need to ensure a safe environment.

The design of a surface SuDS component should enhance the experience of movement or tranquillity
with opportunities taken to stimulate the senses, not only visually but also through sound and touch. Each
component should be attractive, and wherever possible the value of water within each part of the system
should be considered and promoted. Managing noise, by excluding unwanted sounds and replacing them
with the tranquil sound of moving water, brings the visual and the auditory experience together in helping
create enjoyable, tranquil and pleasant places.

As water flows from one component to the next, the structures that control movement should blend with the
landscape and take into account the use and place of SuDS within the surrounding area. At the same time
they should be visually neutral or positively interesting as part of the SuDS Management Train (Chapter 28).

Figure 510 SuDS and play (courtesy DSA Environment and Design)

5.24 Amenity criterion 3: Deliver safe surface water management systems

SuDS are no more hazardous than natural ponds and wetlands, puddles and surface runoff flows on
roads, or in streams and rivers. Guidance on health and safety is provided in Chapter 36, which includes
health and safety risk assessment processes and design approaches to mitigate any potential risks
associated with the system. This criterion concerns the consideration of public safety related to the “use”
of the system as an amenity feature or resource.
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Therapy garden Rain garden

Figure 5.11 Alcester Primary Care Centre (courtesy DSA Environment and Design)

The designer should mitigate any risks associated with the system, so that the interaction is sufficiently
safe for potential users.

Edges where water meets dry land need special care with each design element considered for safety
and maximum benefit to the user. Design guidance on edge designs, safe slopes, barriers etc is provided
within individual SuDS component chapters (Chapters 11-23) and summarised in Chapter 36.

Where rainwater or runoff is likely to be contaminated and unsafe for human exposure, it should be kept
within systems that do not encourage or facilitate potential contact or should be treated before use.

Provided that runoff is not contaminated, it can be used as a children’s play resource and to irrigate areas

that are used for recreation. An upstream treatment train and appropriate risk assessment will determine at
what point the water is appropriate for use as a play or amenity resource (Chapter 36). The design of amenity
features should ensure that they do not give the impression of the water being potable, for example, pumps,
fountains, or jets are usually fed with mains water and where these may be perceived as using water that is
safe to drink, or where there is significant spray or aerosols, these should not be supplied with untreated water.

Where SuDS are part of play and recreational facilities, although there are some fears about safety of
play with water, the HSE (2012) contends that there is a need to take a balanced approach and for play
providers to focus the provision of play facilities on controlling the real risks, while at the same time
“securing or increasing the benefits” that these facilities can provide.

v R -

Figure 512 Planted canal, Stamford (courtesy Roger Figure 5.13 Inlet, Heriot Watt Science Park
Nowell)
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5.2.5 Amenity criterion 4: Support development resilience/adaptability to future change

The requirement for adaptability over the life of the SuDS should be considered as part of the design
process. Urban environments are constantly changing and never complete (Digman et al, 2012). Changes
can come about due to climate change and urban creep (Section 3.2.7), but change may also come
directly from local policy initiatives driven by, for example, local community demands, and these changes
may need to be accommodated by adapting drainage systems.

The future resilience of urban areas to climate change and societal stresses that are largely unpredictable
depends on how readily urban systems can be adapted. Surface water management systems that
integrate surface water features can be more readily modified than underground systems.

SuDS can also help developments be more resilient to future climate change. The potential use of SuDS
to deliver key sustainability and climate resilience planning objectives for the development should be
considered early in the design process, to maximise benefits and reduce costs.

Through harvesting and using rainwater, SuDS can contribute to water security of individuals and
communities where water scarcity is likely to increase. Green and blue spaces provide cooling via the
return of moisture to the air through evaporation and evapotranspiration from vegetated and water
features, which can help to reduce temperature increases in urban areas (urban heat island effect).
Trees can also provide direct cooling by providing shade for buildings and outside amenity space.
Green roofs and vegetative surfaces reflect more sunlight and absorb less heat, thereby keeping
buildings cooler in summer and, conversely, providing building insulation during winter months, which in
turn can reduce energy usage.

5.2.6 Amenity criterion 5: Maximise legibility

Where possible, it is important to bring the
process of collection, conveyance, storage and
treatment into the open, making the system and
its function more obvious to local communities,
visitors and those inspecting and maintaining
the system. Many SuDS are visible, that is

“on the surface” with a minimal below-ground
system (as advocated in Chapters 3 and 4).
Even when they are located on private land,
they will often be within the public realm. This
“legibility” encourages a connection between
the SuDS scheme, water, the community and
the place in which it sits. When it is obvious
how a surface water management system
works, local communities are more likely to act [
to protect its long-term functionality, including R S 4 i ol p!ff'-j:-E',,
setting up voluntary working groups or taking  Figure 5.14 Signage and todder-proof fencing at a
individual actions to maintain and enrich the supermarket site (courtesy ACO Limited)

SuDS (see also Section 5.2.7).

Where SuDS components are on the surface, blockages and other performance risks are also easy to
see and rectify. For example, it is easy to see when there is contamination from pollutants, especially
from misconnected foul drainage, as there will be evidence, for example, of faecal material and
associated solids from toilets, food from kitchens and discoloured grey water from washing machines
and human use.

Inlets, outlets and flow control structures in particular are critical to the effectiveness of SuDS. Their
location should be obvious and their functionality easily understood by maintenance contractors
(Chapter 28).
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Figure 5.15 Pond dipping (courtesy lliman Young) Figure 5.16 Shared learning at Stebonheath (courtesy
Dwr Cymru Welsh Water)

5.2.7 Amenity criterion 6: Support community environmental learning

Opportunities should be sought to use SuDS as a resource for community environmental learning, as this
will help to ensure that the benefits to the community of the SuDS are maximised. This is complementary
to (but separate from) community engagement. For the purposes of this manual, community engagement
refers to the planned process of working with specific groups of people to identify opportunities and
address issues affecting them or their community, such as how the proposed scheme will look, function
and be maintained (Chapter 34). Community environmental learning can come about through community
engagement or through the public’s interaction with the services and amenities provided by SuDS. This
interaction helps to foster an appreciation of natural drainage systems and the links between rainfall,
water supply, runoff, flooding and pollution.

Rainfall and runoff can provide exciting educational and playground resources. Vegetated conveyance
and/or surface pond storage systems can be designed to promote education, play and amenity value via,
for example, swale mazes and pond dipping.

Community activities, related to local SuDS, can help to develop community cohesion and engender
a sense of local identity and pride where the SuDS contribute to enhancement of the environment,
especially where SuDS have been retrofitted to manage, say, a local flooding problem. Such activities
also help to encourage communities and individual property and land owners not only in looking after
their own SuDS, but potentially also the wider environment.

Raising awareness, appreciation, understanding and capacity of communities and individuals to interact
with SuDS can be supported through:
= direct engagement in their planning, delivery, commissioning and operation (Chapter 34)

= the provision of information at appropriate points in the system (eg via interpretation boards, special
events and direct contact)

= promoting wider local interest in, and interaction with, SuDS via school visits, educational
presentations and inclusion in national curriculum activities

= promoting recreational and other uses of the system by both children and adults (Section 5.2.2).
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By involving the local community and individuals in the implementation and/or maintenance of SuDS
(such as planting days, see Figure 5.18), this can promote:

= understanding of the functionality and importance of the natural environment and the place of
surface water management in mitigating human impacts on the environment

= commitment towards contributing to the management of the SuDS, which also engenders positive
attitudes towards the system, enhanced enjoyment from it and social cohesion and support mechanisms

= understanding of the importance of, and arrangements for, health and safety risk management for
the site in relation to surface water

= use of the system as an educational resource for local children and adults, with respect to safe play
near water, ecology and an understanding of the movement of rainwater through the urban and
natural environment.

Figure 517 SuDS outreach project, Portland (courtesy Figure 5.18 Planting at Coppetts Wood Primary School
Portland Bureau of Environmental Services) (courtesy WWT)
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Designing for biodiversity

This chapter explains the objective of designing for biodiversity and the
design criteria that should be followed to deliver this objective.

» This chapter should be read alongside Chapters 3—5 to understand how the different
SuDS design criteria relate to each other, and Chapter 7 to understand when and how
to apply these criteria.

» Guidance on planting can be found in Chapter 29.

6.1 BIODIVERSITY DESIGN OBJECTIVE

Create and sustain better places for nature

Policy-makers now recognise the important contribution that designing for biodiversity
can make to ecosystem services (Box 6.1) and improved community “living” space.
“Connecting people with nature” is a UK government objective (Defra, 2011), which
SuDS can help deliver.

The benefits of creating new habitats and rehabilitating or enhancing existing habitats
through SuDS design go far beyond the contribution that planting makes to the
functionality and performance of the drainage system (Chapters 3 and 4). Landscape
features that support diverse habitats and associated ecosystems provide a healthy and
stimulating environment that can add significant value to urban living (Chapter 5). The
water within a SuDS component or scheme is an essential resource for the growth and
development of plants and animals. Biodiversity value can be delivered by even very
small, isolated schemes, but the greatest value is achieved where SuDS are planned
as part of wider green landscapes, as they can then help provide important habitat and
wildlife connectivity. With good design, SuDS can provide shelter, food and foraging
and breeding opportunities for a variety of wildlife species including plants, amphibians,
invertebrates, birds, bats and other mammals.

Designing SuDS space for biodiversity requires drainage designers, urban and
landscape designers, planners and ecologists to work together. For many sites, a
qualified ecologist is likely to be required for the project. However, all members of the
SuDS design team should understand the principles behind designing for biodiversity
and should recognise the benefits that result.

Amenity and biodiversity are often considered together, but they are each important
in their own right and, although the overlaps and linkages should be recognised by
designers, they are dealt with in separate chapters of this manual. Designing for
amenity is discussed in Chapter 5. Creating and sustaining as many amenity and
biodiversity benefits as possible should be considered alongside designing for water
quantity and quality.

The design of habitats in SuDS needs consideration and integration at all stages in

the planning process, from master planning to detailed design (Chapter 7), taking into
consideration broader green infrastructure objectives where applicable, if it is to deliver
maximum biodiversity value. There are well-established techniques for creating habitats
in new landscapes serving developments, and these are described in general habitat
creation guidance in Dale et al (2011) and for previously developed land in Jackson et al
(2011). The formal process of integrating biodiversity considerations and delivery into all
stages of the planning, design and development process is set out in BS 42020:2013.
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BOX Useful definitions

6.1
Biodiversity encompasses the number, abundance and distribution of all species of life on earth.
It includes the diversity of individual species, the genetic diversity within species and the range

of habitats that support them. Biodiversity also includes humans and our interactions with the
environment (Dale et al, 2011). Locally, biodiversity reflects the character of the plants and wildlife
that share the space in which humans live, work and play.

Ecology is the study of plants and animals and the relationships between them and their physical
environment.

An ecosystem is a biological community and its physical environment (Dale et al, 2011).
Reconciliation ecology is the branch of ecology that studies ways to encourage biodiversity in
human-dominated (eg urban) ecosystems.

Ecosystem services are the benefits provided by ecosystems that contribute to making human life
both possible and worth living. Examples of ecosystem services include products such as food and
water, regulation of floods, soil erosion and disease outbreaks, and non-material benefits such as
recreational and spiritual benefits in natural areas (Albon et al, 2011).

Natural capital refers to the elements of nature that produce value to people, such as the stock of
forests, water, land, minerals and oceans. These provide benefits such as food, clean air, wildlife, energy,
wood, recreation and protection from hazards (Natural Capital Committee: http://tinyurl.com/ow3qf76).

Green infrastructure is a term to describe strategically planned and interconnected networks of
natural and manmade green spaces (including blue space) or corridors that deliver a function for the
local community.

TABLE Biodiversity design criteria and example indicators

6.1
Biodiversity design criteria Example indicator
1 Support and protect natural local The extent, quality and significance of local habitats supported or
habitat and species enhanced by the SuDS design
2 Contribute to the delivery of local The habitats delivered by the SuDS design that meet objectives set out
biodiversity objectives in local biodiversity frameworks/strategies

The extent to which the SuDS scheme is integrated with wider green

3 Contribute to habitat connectivity . . . . .
infrastructure strategies, or is helping to support or connect habitats.

The range and diversity of habitat types delivered or supported by
the SuDS design, and the likely resilience of these habitats and the
ecosystems they support to potential future change

4 Create diverse, self-sustaining and
resilient ecosystems
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Manor Park, Sheffield

Figure 6.1 View over the park showing the SuDS Figure 6.2 Conveyance component (courtesy Sheffield
working as predicted following heavy rain in 2007 City Council)

(courtesy Sheffield City Council)

Manor Park in Sheffield has a series of ponds and basins that were installed to attenuate and treat
road runoff from a new housing estate on brownfield land. The SuDS scheme improves water quality
sufficiently to provide valuable habitat and a safe and visually pleasing public open space.

BIODIVERSITY DESIGN CRITERIA

The biodiversity design criteria presented here should be applied to maximise the biodiversity value from
a SuDS scheme for the development and for the local and wider environment.

The extent to which each biodiversity design criterion can be addressed by the designer will depend on
local requirements and site-specific characteristics. Biodiversity objectives for surface water management
systems may be specified at a catchment or local level within local development documents, eg green
infrastructure strategies, and these should be referenced and considered early in the SuDS design process.
Delivery of local biodiversity objectives (Section 6.2.2) in particular should be a key consideration in
the design.

Amenity design criteria are described in Chapter 5. Both amenity and biodiversity design criteria should
be considered together and at an early stage and fully integrated into the design process in order to
maximise the opportunities that can be achieved by the scheme at no or minimal extra cost.

Indicators can be used to evaluate the extent to which the biodiversity design criteria are being delivered
by a SuDS design. The biodiversity design criteria and example indicators are presented in Table 6.1.
Environmental regulators, local authorities, approval or adoption bodies may choose to develop alternative
indicators considered more appropriate for meeting local requirements.

The criteria and the methods by which they can be implemented for a site are then discussed further in
the following subsections.

Support and protect natural local habitats and species
The habitats and species within any new SuDS scheme should aim (where appropriate) to be similar to,
linked with and/or supportive of the natural and semi-natural local habitat and associated species.

The designer needs to understand the habitat types in the area in order to determine the most
appropriate habitats for the site, that is habitats that will work with and enhance any existing habitats and
complement the use and future objectives of the site development.
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Characterising the main ecological communities that might naturally thrive in the locality is an effective
starting point to define how best to conserve or create supportive habitats through the use of SuDS.
Characterisation methods are described in Chapter 7.

The most appropriate ecological design for the site will depend on:

= habitats and biodiversity that thrive naturally in the locality

= wider regional habitats and biodiversity for which the provision of connectivity through the
implementation of the SuDS would be of value

= whether there are significant natural local habitats such as wetlands that have been lost or
fragmented over time, and whether it is appropriate for these to be recreated or reconnected as part
of the development drainage design

= the characteristics of the site that will influence the suitability of vegetation, habitat types and the
species they support, such as aspect, topography, soils, local climatic and hydrological variables

= the requirements of the new site and local community, for example proposed and/or existing use,
amenity provision, development landscape character and style.

CASE Green roof at Horniman Museum, London
STUDY
6.2

Figure 6.3 Green roof at Horniman Museum, London (courtesy Gary Grant)

A ten-year survey found that the green roof at Horniman Museum developed into species-rich
grassland supporting a number of plants notable to London. This roof created the opportunity for
these species to thrive and be enjoyed in a protected environment. The south-facing section is sandy
and dry, dominated by grasses. The roof supports abundant meadow wildflowers and taller meadow
grasses on the wetter north-facing section, and gaps in the turf have allowed further plant species and
mosses to flourish.
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Contribute to the delivery of local biodiversity objectives

SuDS design should prioritise habitats and species objectives that contribute to local, regional and
national biodiversity targets (Four Countries’ Biodiversity Group, 2012).

Across Europe it is increasingly being recognised that there is a need to protect threatened species and
habitats and promote biodiversity, including restoration of habitats (wildflower grasses, wetlands etc).
SuDS can often be designed to benefit priority habitats (defined as those most threatened and requiring
conservation action) and help deliver strategic objectives set out in national and local biodiversity
strategies, frameworks and action plans.

National strategies recognise the importance of local level initiatives in creating and sustaining
biodiversity, and the funding provided for biodiversity schemes can often help to co-fund and deliver
better surface water management schemes (where these are supportive of biodiversity). When
designing SuDS, co-operation with those delivering local biodiversity strategies (including Local Nature
Partnerships) will ease approvals and also provide new opportunities to add value.

Effective and sympathetic Maintenance Plans for SuDS that take account of the wildlife supported by the
habitat provided are essential, particularly where protected species such as bats, birds in the breeding
season, water voles and great crested newts and other important invertebrates and mammals are likely
to be present. It is important to seek expert advice from ecologists to produce a plan that maintains a
favourable habitat for wildlife and, where they exist, protects sensitive and legally protected species. If
protected species are recorded or designed for at the proposed site, details of the legal requirements
associated with the species should be sought from relevant government agency guidance.

General guidance on Maintenance Plans is set out in Chapter 32 and maintenance requirements for
specific SuDS components are provided in the individual technical component chapters (Chapters 11-23).

Contribute to habitat connectivity

The habitats within any new SuDS scheme should, where possible, link with other local and/or regional
habitats to help build and enhance habitat connectivity within neighbourhoods and between rural/
suburban areas and towns/cities. This will help mitigate the problems associated with habitat loss and
fragmentation within urban areas. The SuDS design should consider existing or future planned habitat
corridors and networks, and evaluate how the SuDS on the site can best support or contribute to these
wider objectives by providing linking habitats or stepping stones — allowing wildlife to move from and to
rural areas, as well as being urban habitats in their own right.

Green infrastructure is vital to the creation and maintenance of ecological function in urban space
providing habitats for fauna in their own right, pathways for migrating animals and natural plant
colonisation, as well as safe passage for surface water runoff that exceeds the drainage system capacity.

Healthy ecologically functioning habitats can be promoted by linking proposed development sites

to adjacent areas with established or latent biodiversity potential and ideally with a well-developed
assemblage of plants and animals that can easily colonise the new spaces created by the SuDS design.
Unless there is significant existing contamination, all sites are likely to become colonised by plants,
followed by animal species. Best practice SuDS design for biodiversity can ensure that this colonisation is
high quality, high value and as rapid and robust as possible.

Examples of new developments where the design of the site is laid out around green corridors that
convey surface water are shown in Figure 6.4.
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CASE Gosforth Valley wetlands, Dronfield
STUDY T
6.3
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Dunnock (Prunella modularis) Putting up bird boxes

Figure 6.4 The wetlands and example of activities by the volunteers (courtesy Norman Crowson)

The Gosforth Valley wetland area is owned and managed by Yorkshire Water with the support of
Dronfield Town Council and the Lea Brook Valley Volunteers.

The pond and wetland area stores and treats excess water collected from the surrounding area (via
public surface water sewers and highway drains) during and after periods of heavy rainfall. The water
level in the pond is controlled by a balancing dam that gradually releases water into the Lea Brook to
prevent flooding of areas further downstream.

The wetland area includes many native trees and plants which help to improve the amenity and
biodiversity of the site. It is very important for the conservation of wildlife within Dronfield and North
East Derbyshire. The habitat has been developed to support wetland bird species such as shoveller
(Anas clypeata), grey heron (Ardea cinerea), and snipe (Gallinago gallinago), invertebrates such as
the common darter (dragonfly) (Sympetrum striolatum), water boatman (Notonecta glauca) and water
flea (Bosmina longirostris); amphibians such as the common frog (Rana temporaria) and common
toad (Bufo bufo) and mammals such as the European water vole (Arvicola amphibius).

The site forms part of the larger Lea Brook Valley, which is a green corridor into Dronfield town centre.
The Lea Brook Valley Project is aimed at enhancing the beauty, amenities and wildlife habitat of the
valley, for the benefit of the residents and wildlife. Run by volunteers, it works with local conservation
groups, the local parish council, Yorkshire Water and others, carrying out many activities, such as
conserving the local ancient hedgerow, creating a nature trail, providing interpretation boards, planting
trees, setting up bird boxes and litter picking.

This project is one of several conservation projects in the area. Together these projects provide a ten-
mile wildlife corridor between Dronfield and Chesterfield.
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Deanshanger, Buckinghamshire (courtesy liman Young) Upton, Northamptonshire (courtesy Peterborough City
Council)

Figure 6.5 Green corridors

Create diverse, self-sustaining and resilient ecosystems

SuDS schemes should aim to have a range of habitat types, as this will encourage biodiversity and result
in self-sustaining and resilient ecosystems.

Designing for ecological resilience is about ensuring that habitats, and the species they support, can
evolve as naturally as possible and continue to meet the objectives of the drainage system. Most species
require a range of environmental features within a site or a wider landscape to complete their life cycle.
Many of these elements, such as small patches of bare ground, tall flower-rich vegetation or scattered
trees and scrub, are often absent from the English landscape, and even from our most important wildlife
sites, which has contributed to species decline. SuDS components are likely to have greater species
diversity and resilient ecosystems if existing habitats are within dispersal distance for plants, invertebrates
and amphibians, allowing natural ecological colonisation and future re-colonisation should damage occur
due to pollution etc.

Climate change will affect the distribution of wildlife, habitats and the health of ecosystems which, in turn,
will have an impact on human well-being. A well-designed and managed surface water management
system will be intrinsically more resilient to changes in climate (Chapters 3-5). Equally, SuDS that

have structural diversity as well as biodiversity will promote ecological resilience, with different groups

of plants and animals emerging over time. This should not only be taken into consideration for the site
itself, but also for the wider ecosystem. For example, where SuDS help reduce habitat fragmentation
(Section 6.2.3), this will also help the movement of species as they track suitable “climate space” (ie the
geographical range of suitable climate for a species).

Structural diversity can be delivered through the use of a variety of SuDS components as part of the
overall SuDS scheme. This can be enhanced through the use of subtle changes in ground profile
(vertically and horizontally). When combined with a range of vegetation types (such as wildflowers and
other nectar-rich plants, grasses, drought-tolerant species, marginal-aquatics and wet grasslands, open
water, trees and shrubs — see Chapter 29) it is possible to deliver a diverse range of habitats for little or
no extra cost beyond the requirements for delivering water quantity and quality.

Further guidance on how to maximise biodiversity value within a SuDS design is provided in Section 6.3.
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Watercolour, Redhill, Surrey

Figure 6.6 Watercolour, Redhill (courtesy Studio Engleback)

The Watercolour development of 523 homes is located on a former sand washing plant. An industrial
outwash lagoon and settlement lagoon have been restored on the site, and the Gatton Brook, which
runs around the edge of the site, has been re-established, having been previously culverted under
industrial buildings. The lagoons are linked together and fed by a linear green space that the runs
through the middle of the development. These in turn then discharge to the Redhill Brook. A large
reed bed is provided in line with local habitat action plans. These ecological corridors link the town to
the nearby country park and provide a valuable wildlife resource (including habitat for a large number
of newts), while also attenuating and treating surface water runoff. The site includes 3 ha of public
open space with a further 10 ha (including the two lagoons) of nature reserve managed by the Surrey
Wildlife Trust.
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SUDS DESIGN CHARACTERISTICS TO SUPPORT BIODIVERSITY

This section presents a summary of the design characteristics that will contribute to the delivery of
biodiversity value for a SuDS scheme. Further information can be found in Graham et al (2012). The
focus here is on wet and planted features. However, there will be biodiversity value associated with other
surface types, eg gravel, aggregate, grit and mulch, particularly for insects and spiders.

Structural variability

A SuDS scheme should include both horizontal and vertical structural variability. This can be achieved in
the following ways:

= Use a variety of SuDS components and combine these with the natural longitudinal gradients
required for conveying water through the landscape.

= Use excavated topsoil and subsoil from the site by forming banks, mounds and terraces to provide
mosaics of permanently wet, temporarily wet and dry features that will aid the development of
a wide range of habitats. For example, “hummocky margins” in shallow water can mimic natural
wetland habitats.

= When designing pond and wetland features, use the sequence of riparian dry-level bench (required
for safety and maintenance access), gentle slopes, wet shallow safety bench, shallow and possibly
deeper water zones to help to deliver a physically and ecologically diverse landscape.

= Use variations in topography to protect ecologically valuable features from insensitive mowing
regimes by providing a physical constraint.

= Avoid smooth finished surfaces commonly seen in ditch and drain edges, retaining walls etc, as
these “tidy” edges do not encourage habitat development.

Swale Pond

Figure 6.7 Pond and grassland habitat mosaic, Moreton-In-Marsh Community Hospital, Gloucestershire (courtesy
Illman Young)

Biodiverse planting
A SuDS scheme should include a diverse range of planting. Biodiversity can be enhanced in the
following ways:

= Use planting of known wildlife value, wherever possible, that is appropriate to the location.

= Never introduce invasive species.

= Wherever possible, maximise the use of plants that are native and of local provenance, appropriate
to the region and suited to local soils and hydrology. Non-native plants can be considered in formal
situations, such as rain gardens adjacent to habitation.
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= Where non-native plants are used, only use plants of high nectar and aesthetic value. They should
not be invasive, or liable to spread into and impact on important sensitive habitats, or dominate the
planting scheme in which they have been included.

» Choose species which, when planted together, maximise all-year-round leaf coverage, flowering and
fruiting periods to provide food and shelter for invertebrates and birds.

= Allow natural colonisation by plants and animals of desired/intended species to take place during the
SuDS establishment process.

= Provide a variety of heights of grasses throughout the site, as wildlife will utilise grasses of different
heights in a variety of ways (Box 6.2).

= Encourage flowers into grasslands (by natural colonisation, seeding or planting), as these provide
nectar for a variety of insects.

= Consider planting gravel surfaces with nectar-rich plants, tolerant of drought, foot and vehicle
damage, for example chamomile and thyme.

= Where SuDS components require 100% vegetation cover before the system is commissioned (eg
swales) which means that turfing is essential, use flower-rich turf or add wildflower plugs to standard turf.

= Where necessary, use turfs that can withstand high flows and extended periods of waterlogging.

= Include trees, scrub and wet woodland features. These can increase habitats for amphibians and
invertebrates and provide some valuable shaded areas. Appropriate management of these areas will
be required to ensure that the intended biodiversity is retained.

= Maximise opportunities for providing or retaining dead wood in dry or wet areas. Dead and decaying
wood is valuable for mosses, lichen and fungi. It is also particularly important for invertebrates, as
many species rely on it for completing all or part of their life cycles. Standing deadwood can also
provide cavities for birds and bats for breeding and roosting.

See Chapter 29 for further guidance on planting.

Box The importance of grasslands
6.2

Grasslands are particularly important for wildlife. For example:

= Birds and mammals will forage for seeds and insects in different lengths of grass.
= Taller grasses will help retain humidity and soil moisture, which will in turn benefit soil invertebrates.

= Longer swards provide somewhere for the eggs, pupae or larvae of some insects to over-winter
in the grass thatch. They will also be used by bumble bees for nesting.

= Beneath trees and adjacent to shrubs, invertebrates that feed in the trees and bushes can
pupate in the grass to complete their life cycle.

= Flying insects may shelter in longer grass during rain or sudden changes in temperature and
roost overnight.

= Reptiles and amphibians will search for insects in longer grass and use it as cover when moving
between sites.

6.3.3 Biodiverse water features

A SuDS scheme should include biodiverse and resilient water features. These can be achieved in the
following ways:

» Manage the risk of toxic, pathogenic or otherwise harmful substances and silts that can smother
wildlife being discharged into the water feature (Chapter 4).

= Where possible, retain existing habitats and incorporate these into the landscape design, and locate
SuDS near to less intensively managed landscapes that are near to (but not connected to) natural
ponds and wetlands.
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= Maximise shallow and occasionally inundated areas of emergent pond vegetation, as these habitats
are more resistant to pollution than submerged areas, and they have high ecological value.

= Where possible, design the system so that some zones are not exposed to every runoff event and/or
are fed from a separate runoff source that is as clean as possible, such as roof water.

= Where appropriate, create shallow grassy wet areas along dry swales and basins, particularly towards
their downstream ends, where the water should be cleanest. These can be as small as 1-2 m wide
and 100 mm deep. Shallow scrapes, linked with sinuous surface channels of varying width will
increase opportunities for wildlife and slow water flows.

Figure 6.8 Infiltration basin with wildflower turf and grass Figure 6.9 Wetland with marginal aquatics, grasses,
seeding, Victoria Park Health Centre, Leicester (courtesy sedges, rushes and wildflower grass seed mix, Kington,
DSA Environment and Design) Herefordshire (courtesy DSA Environment and Design)
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U The SuDS design process

This chapter sets out the stages of the SuDS design process, from early
consideration of the strategic objectives for a development through
to detailed design. The process is relevant for new development,

redevelopment, infill or retrofit SuDS sites, with the level of detail and
relevance of certain stages determined by the development type, size
and complexity. A step-by-step guide to carrying out each of the design
stages is provided, linking design criteria and standards to guidance on
design methods.

» The SuDS design criteria and standards referred to in this chapter are presented in
Chapters 3—6.

» Guidance on design methods is provided in Chapters 24—26.

» Appendix C presents the design phases for a hypothetical SuDS scheme,
demonstrating the design process (as described in this chapter) and the detailed
hydraulic and treatment design of individual components.

7.1 INTRODUCTION

The SuDS design process should begin as early as possible in the feasibility stages
of a development project and, wherever possible, should be a consideration before
land purchase. Where SuDS form part of the initial development vision, character and
layout, they can provide a range of creative opportunities — using water to shape and
enhance development space and maximise the functionality, value and desirability of
the development.

The SuDS design process broadly follows four stages, as shown in Figure 7.1, and
details of the tasks involved are set out in Sections 7.5 to 7.8. Further detail on the
application of each of these stages can be found in AECOM (2013).

Stage 1 Section 7.5
Stage 2 Section 7.6
Stage 3 Section 1.7
Stage 4 Section 7.8

Figure 71 The four stages of SuDS design

Chapter 7: The SuDS design process 95




The SuDS design process is part of a much larger design process for the development as a whole and
will therefore be influenced by the progress of the overall project. This means that there may be the need
for iteration between stages, while the overall development and individual building designs progress
alongside the SuDS design. For example, the layout of the system conceived at conceptual design stage
may need to be reviewed once the preliminary SuDS component sizing has been carried out and as the
overall layout for the site is refined.

The guidance in this chapter is most relevant for new development or redevelopment projects, although
retrofit considerations are referenced. Detailed guidance on the design process and implementation
mechanisms for retrofitting SuDS is provided in CIRIA C713 (Digman et al, 2012).

The land use planning system controls development and use of land in the public interest at different
scales. It is a plan-led system, requiring forward planning through development plans, and it gives local
authority development plan policies pre-eminence in the determination of applications for planning
permissions. This permission is required for all development, as defined in various planning Acts and
Regulations.

Local criteria relevant to SuDS may be set via a local planning authority’s adopted planning instruments
(including flooding and planning documents) and via standards set by drainage approving and/or adoption
bodies (which may also refer to national standards where these exist). Both need to be checked before
design starts, to ensure that designs are fully compliant with relevant requirements. Water management
is an important planning consideration for any new development or redevelopment, with flooding,

climate resilience, community value and changes to biodiversity and landscape being relevant material
considerations, among others. SuDS can deliver benefits to, and be implemented at, a wide range of
scales (from catchments to buildings) and the level of associated planning should be proportionate.
Guidance on the incorporation of SuDS requirements into local spatial planning documents is provided in
CIRIA C687 (Dickie et al, 2010) and University of Cambridge (2014).

The alignment and integration of the planning and drainage design process stages is set out in

For large sites, conceptual design is likely to form part of development master planning ( ),
but for smaller sites, formal master planning may not be required. Outline designs will usually be required
where outline planning permission is sought, and detailed design will be required for full planning
permission. If outline planning permission is not a requirement for the development, then outline and
detailed design would normally be undertaken as a single stage. The process steps described for outline
design ( ), however, will still need to be carried out.

Pre-application discussions between planners and developers (or their consultants) is normally a
requirement of the planning and/or drainage approval process — particularly for larger sites. It is highly
recommended for all sites. These discussions can help significantly in ensuring that the expectations and
objectives for the surface water management system, including approval and adoption requirements, are
set out at an early stage in the design of development layouts and characteristics. This will also help to
ensure that space is used as efficiently and cost-effectively as possible, and will maximise the benefits
that can be achieved through effective integration of water management within the development.

In parallel with this, it is also advisable to have early engagement with the affected stakeholders ( ).

Suggested material for discussion at pre-application stage is set out in (

)-
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Figure 7.2 The drainage system design process: links with land use planning

7.2.3 Conceptual SuDS within development master planning

A master plan is an overarching planning document and spatial layout that is used to structure future land
use and development. Its scope can range from a ten-year implementation strategy at the regional scale
to an illustrative plan of a small-scale group of buildings. It provides a crucial opportunity for SuDS to be
linked with a wide range of other development objectives (demonstrating the potential benefits and multi-
functionality of SuDS components at this early stage) and for this to be recognised in the business plan
for the development. Although some developments may be large enough to require master planning for
preliminary planning approval or material change of use, there is often no formal requirement, and every
design team will have its own individual approach (AECOM, 2013).
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Master planning is a collaborative process that provides the strategic framework for considering the
whole range of requirements and objectives for a development and how they might be delivered. It
should be a holistic framework within which all relevant stakeholders can contribute and work together
in creating high-quality ‘places’ for future generations. It creates the opportunity for the use and
management of rainwater and surface runoff to be fully considered in a strategic and collaborative way
by drainage engineers, urban designers, highway engineers, architects, landscape architects, ecologists
and community stakeholders ( ). For large sites, the design team will benefit from inputs from
all these disciplines as the drainage concepts evolve. For small sites, inputs should be sought where
necessary. There are many examples of master plans where surface water management has been
used to structure and frame the development (eg Ashton Green, Leicester (Atlas, 2012) and North West
Cambridge (University of Cambridge, 2015).

To maximise the value of water to all stakeholders and to deliver the most efficient and cost-effective
design solutions, water management should be considered at all design scales. It should influence and
enhance individual building form and performance, and then connect plot-level management components
into the wider strategic drainage network and landscape setting. By bringing together SuDS with building,
urban, service delivery and landscape design and form, designers can achieve a water-sensitive urban
design perspective (Abbott ef al, 2013).

On large sites where development may be completed in phases, there will need to be a strategic site
surface water management system that allows different parts of the site to be developed at different
times, while ensuring that each of the design criteria can continue to be met. This strategic system should
be designed to manage the flows from the final developed site, and specific conditions will need to be set
for each development plot so that the original design assumptions are not invalidated. Delivery of each of
the design criteria should be considered at both a site level and a plot level to maximise the benefits and
to reduce risks associated with non-development or substantially delayed development.

Consideration should be given to the relative benefits associated with providing strategic storage versus
higher levels of plot-based storage or a combination of both. The adoption arrangements for elements of
the strategic system that may lie outside the phase being developed will also require careful consideration
and facilitation. Relevant catchment or sub-catchment planning strategies may determine where off-

site or strategic drainage components are required or proposed, and their design characteristics.
Consideration should also be given as to any specific requirements for pollution prevention strategies
(affecting either the development design or future operational strategies) to manage pollution risks. This is
usually most relevant for industrial sites.

Guidance on pollution prevention strategies is provided in

Environmental Impact Assessment (EIA) is the process by which the anticipated effects on the
environment of a proposed development or project are measured. If the likely effects are unacceptable,
the EIA will suggest design measures or other relevant mitigation measures to reduce or avoid those
effects (eg pollution prevention strategies — )- An EIA may not be required for smaller
development sites.

The EIA may evaluate many of the strategic objectives for the site ( ) and may also undertake
a number of the site and development characterisation steps required as part of the surface water
management system conceptual design ( ). Where an EIA is available, it is likely to be a very
valuable reference source for the SuDS designer — particularly the sections covering water resources and
flood risk, water quality management, biodiversity, climate resilience, landscape, development character
and visual amenity. SuDS may be highlighted in the EIA as a potential means of addressing some of the
environmental impacts caused by the development.



The Flood Risk Assessment (FRA) or Flood Consequence Assessment (FCA) for the site may be
undertaken at a similar time to conceptual SuDS design. Delivering conceptual SuDS design as part of
the FRA/FCA outputs will tend to make the design process more efficient and integrated, and produce the
best outcomes. The FRA/FCA will identify key areas of the site that may or may not be suitable for SuDS
components, and will also establish any flood hazards for the operation and performance of the drainage
system. The FRA/FCA should also identify any specific requirements for surface water management on
the site required by catchment- or sub-catchment-scale flood risk management strategies.

More detail on assessing the impact of pre-development flood risk and the potential impact on surface
water management system design is provided in BS 8582:2013.

Successful delivery of SuDS often depends on co-ordination and communication between the developer/
designer and a range of external stakeholders including local authority departments such as planning,
drainage and flooding, ecology, open-space management and highways as well as environmental
regulators, water and sewerage undertakers, local community group representatives, residents’
organisations and other private sector stakeholders.

There is a need for stakeholder involvement throughout the process of surface water management
system design. The land-use planning process should be used to bring together the views of both
statutory and non-statutory consultees with other interested parties, such as non-governmental
organisations and the general public. This provides a mechanism for planners and environmental
regulators to engage with others on SuDS - raising awareness, educating developers and promoting
community interaction and learning opportunities.

For retrofit schemes, stakeholder engagement can facilitate potential partnership funding opportunities,
where benefits from the scheme will accrue to multiple stakeholders, and this can help with securing

the most cost-effective and highest quality schemes. The design process for such schemes should

also encourage and involve local communities — the most successful outcomes will be delivered where
communities can (because of effective education and awareness raising) act as a ‘client’ and ‘contributor’,
understanding the role and opportunities of rainwater and surface water management in the landscape.

Engagement with the local community (whether this is with neighbouring inhabitants for new
developments or current residents for retrofit sites) should be part of both the land use planning

and SuDS design processes. There are many different engagement processes that can be used (ie
inform, consult, involve, collaborate, empower), but most will include an element of education and
awareness-raising. Understanding will tend to foster an appreciation of the role and benefits of SuDS in
environmental protection, and an enhanced sense of responsibility for their upkeep and protection.

Guidance on working with communities is provided in

The first stage of the SuDS design process is the setting of the strategic surface water management
(SWM) objectives for the development.

Consultation with relevant stakeholders ( ) and reference to adopted local planning and
regulatory guidance, policy ( ) and the site Environmental Impact Assessment (

) and flood risk/consequence assessment (where available — see ) should establish
relevant local or site-specific strategic objectives including:

= flood risk management objectives



= water quality management objectives
= community, social and amenity planning objectives
= habitat and biodiversity strategy requirements and needs

= viable long-term maintenance bodies for the proposed SuDS and any relevant SuDS adoption
requirements (eg standards, criteria and/or guidance)

= climate change adaptation/climate resilience requirements and needs

= water supply objectives and constraints.
Early consideration of surface water management will provide designers with the opportunity to use
SuDS that respond to the local context and character, enriching both the natural and built environment.
By fully integrating the management of surface water with the wider development objectives and by
considering all space as potentially multi-functional, surface water management systems can be used
to enhance development viability by delivering the design criteria described in . This can
result in a range of benefits, such as:

= an alternative water resource to improve future water security

= higher value amenity, recreation and education facilities within public open space

= improved habitats and biodiversity

= improved climate resilience for the development

= reduced pressure on sewerage infrastructure and reduced surface water flooding

= a natural ‘structure’ to the layout of the site where transport routes, public open space and buildings
are aligned with flow conveyance routes, and public open space is integrated with green and blue
flow storage and treatment components

= a mechanism for enhancing and defining the quality, character and visual aesthetics of both the built
environment and green/open space

= a surface water management system that can be easily and cost-effectively maintained.

General guidance on using SuDS to deliver multiple benefits can be found in
Guidance on opportunities for multi-functionality can be found in

Guidance on delivering water quantity, water quality, amenity and biodiversity benefits can be
found in respectively.

Guidance on assessing the value of benefits can be found in

The second stage of the SuDS design process is the conceptual design. The key outcome of this stage
is to identify and assess potential SuDS components and linkages, in developing Management Trains for
each area of the site.

The conceptual design stage process is shown in and described in the sections below.
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Figure 7.3 The conceptual design process

7.5.1 Define site and development characteristics

It is important to assess the site for the SuDS scheme before design begins. Where SuDS are to be
retrofitted, this should include existing roof areas, hard surfaces, green spaces and land ownership
boundaries, in order to make the best use of the space.

This step has two elements:

= characterisation of the site — development of an understanding of relevant features of the site and
the surrounding area that could influence the SuDS design criteria and design options

= characterisation of the development — development of an understanding of relevant features of
the proposed development that could influence the SuDS design criteria and design options.

Site characterisation covers an assessment of:

—_

site topography

existing flow routes and discharge points
potential for infiltration

potential for surface water discharge

site flood risks

existing site land use

N O o B~ WwN

existing site infrastructure (above and below ground)
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8 existing soils
9 local habitats and biodiversity

10 local landscape and townscape.
Development characterisation covers an assessment of:

11 proposed topography, land use and landscape characteristics
12 proposed flood risk management strategy

13 proposed site infrastructure

14 proposed building style and form

15 proposed adoption and maintenance of the surface water management system.

Each of these subjects is discussed in the sections below.

= Do the site contours mean that flow paths will naturally occur in particular locations?
= Are there any low-lying areas where water will naturally accumulate?

= Are there any particularly flat or steep parts of the site?

Topography is a good indication of existing natural drainage pathways and will often help define
appropriate natural routes for the surface runoff to follow, in order to efficiently drain the site from higher
to lower levels using surface gradients, without relying on extra infrastructure or pumping.

Particularly steep slopes may not be suitable for conveyance routes, without measures to reduce
gradients and/or flow velocities, and the siting of storage systems on slopes may require embankments,
which should be avoided where possible.

Identification of low-lying areas will demonstrate where water will naturally accumulate, and these may be
good locations for siting storage areas. Local historical knowledge and records of surface flooding will be
valuable for this process.

Guidance on designing for both sloping and very flat sites is provided in
respectively.

= How is the site currently drained?

= What are the existing flow paths across the site?

The natural drainage pattern for the site and existing flow paths and discharge points should be
established (as illustrated in ) and an assessment made as to how these are likely to be
modified by development. This is determined largely by topography and ground conditions, together with
a review of historical drainage measures that have modified the original drainage pattern including land
drainage, culverts and sewer networks. Current discharge points (whether to groundwater, surface waters
or sewerage systems) should be established and characterised.
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Figure 7.4 Characterising flow routes and discharge points

CASE Singleton Hill, Ashford, Kent
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Figure 7.5 Singleton Hill (courtesy Kent County Council)

Singleton Hill is a development that considered drainage from the outset of the master plan. As

a result, buildings were designed around the existing drainage routes. Maintaining these natural
flow routes eliminated the need to engineer conveyance routes. The main drainage channels were
developed as a greenway for pedestrian and cycle access through the development to a local

commercial area. This makes walking and cycling safer on the development and reduces car usage
by residents and visitors.
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= Is the soil or groundwater contaminated and, if so, what is the depth of any contamination sealing?

= What is the maximum likely groundwater level beneath the site?

= Is there any risk of groundwater flooding on or adjacent to the site?

= What is the infiltration capacity of the soil beneath the site?

= What is the designation of any groundwater resource beneath the site (eg source protection zones)?
= Is there a risk of subsidence or other soil instability from infiltrating water?*

= Are there any risks associated with infiltrating water close to existing basements, building
foundations, tunnels, road/car park pavements or other surface or subsurface infrastructure?*

= Are there any constraints to water entry into existing pavement sub-base sections (on or adjacent to
the site)?

(*If the area over which infiltration is taking place is large and at shallow depth, and providing the SuDS
allow evaporation of water, then the risk is often no greater than that posed by an area of grass.)

The site area should be characterised in terms of the potential for infiltration (eg good/poor/not possible).
This will identify areas where infiltration within the site can potentially be used as a method of disposing
of surface water runoff, areas where infiltration can be used to deliver Interception (using low infiltration
capacities), and areas where infiltration cannot or should not occur.

Guidance on the potential constraints to the use of infiltration and infiltration testing methods is
provided in

Guidance on sites with high groundwater levels, contaminated soils or groundwater is provided in
Guidance on the need to deliver Interception is provided in and

Guidance on designing Interception is provided in

= What options are there regarding discharge destinations?

Local surface waters that may be suitable for discharge of runoff should be evaluated in terms of their
capacity, existing flood risk and any environmental or use designations. These will influence the viability
of possible discharges and (when considered together with land use) provide an indication of the level
of runoff treatment that might be required. If the SuDS are likely to discharge to a surface or combined
sewer, then the surface waters receiving discharges from the sewerage system should be assessed.

Where discharges are proposed to existing sewers, early consultation should be undertaken with the
relevant sewerage undertaker. Rights to discharge to any receiving watercourse should be established
early in the design process, and the relevant stakeholders engaged appropriately.

Guidance on prioritising where surface water runoff is discharged is provided in

= Is there a risk of groundwater flooding?

= Is there a risk of sewer flooding?

= Are there local fluvial and/or coastal flooding risks?

= Are there any local surface water flooding issues? If so, where?

= Are there any planned mitigation actions?



Pre-development flood risk should be established by the flood risk/consequence assessment for the site, which
should have been considered during stage 1 (Setting strategic SWM objectives) but should be revisited here.

An assessment needs to be made of the extent to which the identified flood risk could impact on or
be impacted by any site surface water management system. Consideration should be given to fluvial,
coastal, groundwater, and surface water flood risks on the site, before the proposed development.

Guidance on managing on-site flood risk is provided in

Guidance on SuDS in floodplains is provided in

= How is the site currently used and will this continue after development (for retrofit schemes)?

= What opportunities are there to use the site more effectively for surface water management (for
retrofit schemes)?

= How will the use of the site before the development impact on the extent to which runoff needs to be
managed by the SuDS for the proposed site?

Where looking to retrofit SuDS, site surveys and community engagement can help to understand how the
space is currently used.

Where the site has been developed previously (ie redevelopment sites), there should always be an
aspiration to manage runoff to represent greenfield characteristics. This will help reduce any receiving
watercourse flood risk (both now and under future climate change scenarios), thus contributing to more
sustainable development. However, it is recognised that redevelopment sites tend to be more constrained
in terms of space and infiltration may be more restricted, so drainage approving bodies (in conjunction
with the environmental regulator) may agree that reductions to an agreed proportion of the previously
developed rates/volumes are acceptable.

= What is the location, depth and capacity of existing drainage?
= Where are existing services located (including depth)?
= Are there any existing unique assets in the street(s) (eg sewer vent)?

= Are there any flood risk management assets on the site?

When building on brownfield or pre-developed sites, existing on-site infrastructure should be
documented and mapped. It is important to understand the location and capacity of existing drainage,
to determine what infrastructure could or should be reused in the SuDS scheme. Some of these
features may have byelaws associated with them, and this should be checked at an early stage, along
with any associated implications. Other buried infrastructure, such as utilities and other services, need
to be located and considered — particularly with respect to access for inspection and maintenance.
Existing services can sometimes be diverted (although this is usually only possible for larger sites), and
this option can also be considered.

Asset databases of buried infrastructure available from utility providers or the local authority should not
be considered as definitive and should be checked with surveys.

For sites where there is congestion of buried services (most common for retrofit sites), a specialist
company should be employed to carry out a survey of buried services before starting any design.

Registered flood risk management assets should be identified from the local flood authority, and any
interaction with the proposed drainage system should be considered and managed appropriately.



= Is the existing soil on the site suitable for use in SuDS design?

An assessment should be carried out of the existing topsoil and subsoils on site, so that their suitability for
reuse on the site can be determined and the handling and management of these soils can be carried out
appropriately ( ). It may be appropriate for this to be undertaken by a qualified soil scientist.

= Which habitat types and species of flora and fauna are, or were (historically), prevalent in the area?

= Are there any locally important habitats, and how are these connected?

= Is there a local biodiversity strategy?
Existing site habitats should be characterised so that consideration can be given to which species of
flora and fauna might be able to exploit new habitat potentially created by the SuDS scheme. This should
normally be undertaken by an ecologist and should be documented within an ecological report for the

site. The Chartered Institute of Ecology and Environmental Management provides a comprehensive
source of guidance on species survey methods and ecological impact assessment techniques.

Existing and historic locally important habitats (eg marshland, ponds/wetlands, grasslands, riparian
corridors) should be evaluated in order that they are supported and/or recreated where valuable and
appropriate. Understanding existing habitat areas and how these are connected (or could be connected)
will help to determine the extent to which the new SuDS might be able to enhance local ecological
networks and corridors. Local biodiversity strategies should have been considered during stage 1 (setting
strategic SWM objectives) but should be revisited at this stage.

Guidance on supporting and protecting natural local habitats and species, delivering local
biodiversity objectives and creating habitat connectivity is provided in

= Are there any conservation designations or planning constraints for the site that will affect the SuDS design?

= What are the existing green or blue assets on or near the site (eg parks, playgrounds, rivers, lakes, canals)?

= What are the potential climate change pressures for the area (eg urban heat island effect, water
scarcity)?

Existing local landscape and townscape characteristics will help define:

= the likely suitability and detailing of different SuDS components

= the likely value of green and blue space, and natural assets (this may be a function of local housing
densities)

= potential climate change pressures (eg urban heat island effects, water scarcity)
= climatic characteristics (eg is the area naturally dry or wet?)

= the relationship between existing development and any common local water features.
Landscape character assessments (Tudor, 2014) can be used to help support this characterisation process.
Planning and conservation designations for the local area may also be relevant to SuDS design and

should have been considered during stage 1 (setting strategic SWM objectives) but should be revisited
at this stage.



Guidance on landscape character is provided in
Guidance on enhancing visual character is provided in

Guidance on designing SuDS within the context of existing urban areas is provided in

= How will the topography of the developed site change compared to the existing site?
= Is the proposed topography likely to present challenges?

= What are the proposed land uses for the site?

= What are the landscape requirements for the site?

= What will be the building density for the development?

= How will the site be used and maintained?

= How could locally important habitats be connected?

Any substantive changes to the topography required by the development will need to be taken into account,
including any land raising required for flood risk management or contaminated land remediation purposes.

Where the topography is likely to provide particular challenges for the implementation of a surface water
management system, consideration should be given to whether any beneficial changes could be made.

The extent of the development, likely building density, proposed land uses across the site, and the
proposed landscape strategy will be key influences on the overall surface water management design
philosophy. They will define the mix of impermeable and permeable surfaces to be drained or used for
drainage, they will define the likely pollution hazard posed, and they will have a strong influence on the
suitability of different SuDS components. Any pollution prevention strategies proposed for the site should
be considered in terms of any potential impact on water-quality risk management for the site.

External landscape requirements (eg car parks and urban squares), amenity and recreation areas (eg
sports fields and playgrounds) and other public open space planned for the site should be evaluated so
that, where possible, it can be integrated with surface water management systems to deliver open space
that is multi-functional and of high amenity and biodiversity value. Natural flow paths and manmade
connection routes (eg roads, cycle paths and green corridors) are likely to be of particular importance

in structuring a potential network for runoff conveyance and storage through the site. Consultation with
stakeholders will be required to establish appropriate ownership and maintenance strategies for multi-
functional land.

The characteristics of likely vehicle usage (including types of vehicles and likely speeds) on the site will
be important. This can influence the type of surfacing and sub-base that might be suitable, the extent
and location of parking requirements at roadsides (this may influence options for managing road runoff),
the likely requirements for traffic calming measures and roundabouts (and the potential for integrating
these with SuDS), and the potential for using roads as surface water runoff exceedance routes. Any
requirements for special accessibility requirements, such as dropped kerbs, disabled parking or access
for sweeping and/or winter gritting machines, may also impact on SuDS design and detailing.

An understanding should be developed of how the aesthetic appeal and tranquillity of diverse vegetated
green spaces and open water features could add character and help create a sense of place, give the
community a healthy outdoor environment that encourages outdoor activity and enjoyment and provide
space where children can play and learn about water and the water environment.

Community engagement can provide valuable information regarding the community’s aspirations for
future use and the opportunities and constraints for SuDS, such as potential traffic calming measures and
car parking requirements.



The potential use of underutilised land should be discussed with the appropriate landowners and tenants,
with respect to making hard surfaces permeable, improving the landscaping or green infrastructure
provision, or using the land directly as part of the surface water management strategy.

Guidance on designing SuDS to suit the proposed land use is provided in (in
particular see the typologies in ).

Guidance on enhancing visual character and supporting community environmental learning is
provided in

Guidance on the likely pollution hazard associated with different land use types and the potential
implications for SuDS design is provided in and

Guidance on community engagement is provided in

= How could surface water management for the site be affected by or affect the flood risk
management strategy?

An assessment needs to be made of the extent to which any identified flood risk mitigation strategies
established by the FRA/FCA could impact on or be impacted by any site surface water management system.

This should have been considered during stage 1 (setting strategic SWM objectives) but should be revisited at
this stage.
Guidance on managing on-site flood risk is provided in

Guidance on SuDS in floodplains is provided in

= How could the proposed site infrastructure be affected by or affect the scheme design?

= Where are existing and planned services located (including depth)?

= Can existing services be diverted (usually only possible for larger sites)?

= Can planned services be designed to fit around the SuDS?
Any planned subsurface or surface infrastructure (including proposed services) for the development should
be mapped and evaluated to determine the potential impact on SuDS layout and design. Where SuDS are

considered early in the development design process, there may be the flexibility to route planned services
around SuDS locations.

= How can the architecture and building design assist, improve and be part of surface water
management (eg green roofs)?

= How can drivers and opportunities for building-scale rainwater harvesting (RWH) systems facilitate
the use of RWH system storage for surface water management?

= How might water features best be used in the context of the proposed building use, style and form?

= How can water be conveyed from roofs and impermeable surfaces to SuDS components (downspouts, rain
chains eftc)?

= How can water enrich urban spaces and building fabric?

= How can the surface water management system help secure climate adaptability and resilience
for the buildings (through securing a more sustainable water supply, providing urban shade, extra
insulation and cooling etc)?



Understanding the proposed building types, density, quality, character, style and any applicable sustainability
targets (eg DCLG, 2008) will maximise the benefits for the development.

At the building scale, SuDS are increasingly being seen as part of the fabric of buildings, for example, as
landscapes, green walls and roofs, and as the key purpose of internal courtyards. Not only does this enhance the
aesthetic quality of the buildings, but it brings among other things, climate and internal air quality benefits.

Guidance on maximising multi-functionality and supporting development resilience/adaptability to future
change (including climate change) is provided in
Guidance on green roofs is provided in

Guidance on RWH systems is provided in

= Who will have final ownership or adopt the SuDS?

= What approval criteria and processes will be set by the owner/adoption body?

= Who will be responsible for future maintenance of the SuDS?

= What is the likely level of maintenance?
Agreement on the organisation that will take long-term responsibility for the ownership and maintenance of the
SuDS should have been established when the SWM objectives for the site were defined. Any remaining uncertainty

should be removed at this stage, because without a confirmed adoption body, the proposed scheme (and thus
development) will not be viable.

The adoption body may have independent approval criteria and processes, and these should be clearly understood
by the designer, and evaluated for potential impacts on the design.

The body may also have their own protocols on the level of maintenance that they will provide for schemes, and this
should also be given full consideration in the design.

Where SuDS are proposed in public open space, it will be necessary to ensure that the design meets the
requirements of the local authority. Consideration needs to be given to the responsibilities for maintenance of any
public open space where the primary function will be other than surface water management. For example, as part
of the design of detention basins or exceedance storage areas that have an amenity use, a decision will need to be
made regarding optimum maintenance for surface water management versus the designated amenity use.

A suite of SuDS design criteria should be developed for the SuDS scheme that:
1 aims to deliver on each of the criteria set out in the individual criteria chapters to the maximum extent practical
for the site:
= water quantity ( )
= water quality ( )
= amenity ( )
= biodiversity ( )
(Note: the standards set out in should be met in full, unless there are local or national standards
that take precedence).
2 takes account of the strategic surface water management objectives established for the site ( )

3 takes account of the opportunities, challenges and constraints identified by the site and development
characterisation process ( )
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4 uses the guidance on maximising benefits from the scheme set out in the criteria chapters together
with Chapter 8-10.

It may be useful to develop some indicators (suggested in the criteria chapters) for each of the criteria that
can be used as a means of later assessing the extent to which each of the criteria are met by the as-designed
scheme (Section 7.8.2).

7.5.3 Identify feasible points of discharge
The destination for surface water runoff should be prioritised, as defined in Section 3.2.3.

Checks should be made of any potential receiving surface waters environmental designations and
discharge constraints and consents.

Where discharges to sewers are being considered, the sewerage undertaker should be consulted so that
the designer understands the likely available sewer capacity and opportunities and/or constraints with
respect to any potential connections.

P> Guidance on prioritising where surface water runoff is discharged is provided in Section 3.2.3
and Chapter 10.

P> Guidance on the potential constraints to the use of infiltration and infiltration testing methods is
provided in Section 25.2.

7.5.4 Define surface water sub-catchments and flow routes

Flow routes and development clusters should be used to define surface water sub-catchments,
particularly on larger sites (Figure 7.6). These will then form discrete drainage areas, each with their own
drainage characteristics with the runoff from them then conveyed downstream to the drainage outfall. The
definition of sub-catchments and flow routes is therefore a linked process.

| Existing urban area
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Existing watercourse
¢ Syb-catchments
s Surface water system
~ 4 Surface water system
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» 5uDS component
with permanent water

. Dy basin within
infiltration zone
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- = = - Site boundary

Figure 7.6  Defining surface water sub-catchments
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It is often sensible to cluster land use types, as these will tend to have different requirements with respect
to treatment (Section 4.3.2). Each sub-catchment should deliver Interception for the impermeable

areas and should, where possible, treat the runoff and provide a degree of flow and volume control
(using infiltration where practical). For large events, it may be appropriate to allow runoff to bypass sub-
catchment controls to reach larger storage structures further downstream.

Where appropriate, planned parks and open spaces should be located at the downstream end of sub-
catchments to provide space for larger-scale, surface water attenuation and controls (as illustrated in
Figure 7.7).

Flow routes can often form part of open space corridors and be used to help link existing habitat zones
with biodiverse pathways. Surface water conveyance paths should work with the topography to safely and
effectively direct surface water to the desired locations, while simultaneously delivering integrated storage
and treatment wherever possible. Water should be kept at or near the surface (ie not, where possible,

in pipes), reducing the need for deep excavations and helping deliver all the benefits associated with
surface systems.
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Figure 7.7  Defining parks, open spaces and corridors

If appropriate and practicable, configuration of the major road network and development blocks should
also be defined by sub-catchment boundaries within the site (as illustrated in Figure 7.8). The street
network should be structured to complement and manage flow pathways by:

= integrating SuDS components into street cross-sections, ensuring street widths are adequate

= using SuDS to improve the streetscape, providing multi-functionality by integrating with other street
features including tree planting, traffic calming, parking bays, verges and central reservations

= making best use of available space to accommodate a wider range of depths, widths and profiles,
where feasible.
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Figure 7.8  Defining the road network

If there are adopted roads as part of the development, then consultation with the highways authority
needs to be undertaken early in the design process, in order that acceptable highway drainage designs
can be developed, and any required integration of highway drainage systems with the drainage of other
parts of the site can be agreed.

P> Guidance on designing SuDS for sloping and very flat sites is provided in Sections 8.4 and 8.5.
P> Guidance on designing SuDS for roads is provided in Chapter 9.

P> Guidance on designing SuDS to work within a streetscape and delivering multi-functionality is
provided in Chapter 10.

7.5.5 Select SuDS components for the Management Train

The SuDS components selected will depend on the design criteria, and on how the surface water
management system is linked and integrated with the development and its landscape setting. Individual
components can be designed in a number of different ways — both in a technical sense (eg the same
component can either be lined to prevent infiltration, or have a permeable base) and a visual sense
(components can be landscaped to look appropriate in a contemporary or more traditional setting).
Components can often be used to both convey and store runoff, usually depending on the size of

the runoff event (eg swales). Table 7.1 summarises the likely potential of different SuDS components

in delivering the design criteria, and provides a design aid as the steps of component selection and
Management Train design are worked through — as shown in Figure 7.9.
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P> Guidance on the design of individual SuDS components is provided in Chapters 11-23.
P> Guidance on SuDS components for specific sites is provided in Chapter 8.
P> Guidance on SuDS component for roads is provided in Chapter 9.

P> Guidance on SuDS components most likely to be suitable for urban areas is provided in Chapter 10.

Establish methods of runoff collection from all site surfaces

There are many ways in which runoff can be efficiently collected from development surfaces:

= Surfaces can be made permeable (eg through the use of pervious surfaces, or by using green roofs).

= The SuDS component can be designed to run alongside the impermeable surface so that runoff can
be discharged directly, for example onto a filter strip, swale or other surface channel.

= Runoff can be diverted into conveyance or storage components using distributed collection methods,
for example kerb openings and gullies.

P> Guidance on inlet and outlet design is provided in Chapter 28.
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The first consideration in designing the SuDS Management Train for a site should be the delivery of
Interception for each impermeable area, wherever possible. Interception is delivered where SuDS
components are an integral part of the runoff surface or collection method (eg permeable pavements,
green roofs, rainwater harvesting systems), and in such scenarios, the surface may also be able to
provide Interception for adjacent runoff surfaces.

In areas where infiltration is possible, soakaways can be considered for roof water, and infiltration from
swales, bioretention areas, dry basins and permeable surfaces can be used to manage as much surface
water as possible (providing sufficient treatment is delivered before any discharge to groundwater). Where
infiltration is impractical or inappropriate, very low infiltration rates and/or depths of soil storage can often be
used for Interception, followed by conveyance to downstream attenuation and treatment components.

Guidance on the design of Interception is provided in
Guidance on the design of infiltration components is provided in

Guidance on the design of RWH systems is provided in

There are likely to be a number of areas within the development that could potentially be combined with
the delivery of attenuation storage, for example beneath permeable paving or recreation facilities, within
small detention zones, ponds or channel conveyance routes. Distributing the storage areas across the
site within multi-functional spaces, can be effective in terms of land-take, potentially reducing the need for
a large downstream attenuation facility.

If rainwater harvesting and infiltration cannot be used on a site, there will be a need to manage the extra
volumes of runoff from the site in some other way. This extra volume can either be spilled from the main
drainage system into a separate storage area which is drained very slowly (this is termed Long-Term
Storage), or the extra volume can be incorporated into the main attenuation storage for the site (but this
is likely to substantially increase the required storage volumes). Long-Term Storage areas will only flood
infrequently, so can often be recreation or other amenity areas.

Very initial estimates of required storage areas are usually pragmatic at this stage. These can be done using
past experience, simple spreadsheet tools (that follow the processes set out in ) or
using the tools on www.uksuds.com

Where the development is to be phased, storage should, where possible, be delivered on individual plots.
Where the SuDS design for individual plots relies on strategic storage, agreement on access, ownership
and maintenance of these elements needs agreement at an early stage of the design.

Guidance relating to the delivery of storage components is set out in

Guidance on the design of attenuation and Long-Term Storage components is provided in

Guidance on design of infiltration is provided in

As water is conveyed downstream, SuDS components should be linked using conveyance systems (eg
swales, linear wetlands, channels, rills, pipes), which themselves may provide useful treatment, infiltration
and/or storage.

Vegetated surface conveyance components will tend to deliver greater water quality, amenity and
biodiversity benefits. They can also form part of open space corridors along important drainage features,
and link existing habitat zones with biodiverse pathways.



On steep sites, surface water conveyance routes will either need to be directed across the slope to reduce
gradients and minimise erosive velocities or other mechanisms will be needed to reduce gradients, such as
natural waterfalls, checkdams and baffles. Keeping water on the surface reduces the need for cover, which
can create requirements for very deep excavations for piped systems.

On flat sites, careful design will be required, to ensure that conveyance gradients do not mean that
downstream systems are very deep.

Guidance on designing SuDS for sloping and very flat sites is provided in
Guidance on designing SuDS for roads is provided in

Guidance on designing SuDS to work within a streetscape and delivering multi-functionality is
provided in

Guidance on the design of conveyance systems is provided in

Guidance on design of infiltration is provided in

It is important that a SuDS scheme is developed with consideration of the pollution treatment
requirements of different land use areas. Areas of the site with low contamination potential will represent
opportunities for rainwater harvesting, and areas with low and medium contamination levels can usually
be safely infiltrated. It is vital to ensure that relatively clean runoff is not mixed with poorer-quality runoff,
thus rendering it less suitable for infiltration or harvesting. Where possible, different land uses (that

have different pollution potential) should be clustered, so that Management Trains can be designed
most efficiently. By implementing SuDS at a plot level, sources of pollution can be easily identified, and
remedial actions and maintenance work can be undertaken by the plot owner/operator. Agreed pollution
prevention strategies (eg specified as a condition of use) may influence the hazard posed by particular
land use types, and these should be considered at this stage.

Sufficient treatment must be provided for both individual and/or combined sub-catchments, and an early
review of likely treatment requirements for different land uses on the site should be undertaken following
the design criteria in and supporting guidance on design methods in . Where the
development is to be phased, the drainage of individual plots should not rely on drainage systems on
plots not yet developed to meet the standards and criteria set for the site. Where the development is to
be phased, water quality management should, where possible, be delivered on individual plots. Where
the SuDS design for individual plots relies on strategic treatment components, agreement on access,
ownership and maintenance needs agreement at an early stage of the design.

Guidance on pollution prevention strategies is provided in

Guidance on the likely pollution hazard associated with different land use types and the potential
implications for SuDS design is described in

Safe exceedance routes and storage areas should be considered and integrated within the development
design ( ). Exceedance routes can include roads on the site, and exceedance storage areas
can include car parks, recreation areas and other areas of public open space, as long as their use for this
purpose will not impede their normal function to the extent of putting people or vehicles at risk and that
they can be maintained in the long term. Appropriate legal permissions and requirements for use of the
land as an exceedance route should be sought at an early stage.
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Figure 710 Defining exceedance routes

P> Guidance on designing for exceedance is provided in Section 24.12.

P> Guidance on designing SuDS for roads is provided in Chapter 9.

7.5.6 Refine the Management Train

Once the preliminary scheme has been designed for the site, the scheme as a whole should be reviewed
against the design criteria, potentially using indicators where these have been developed. Where the
design fails to meet the criteria, or benefits have not been maximised, SuDS components should be
revisited to determine if there are more appropriate alternatives — or whether the components can be
designed in such a way as to increase their value to the development.

At this stage, rough initial estimates of likely scales of SuDS components may be useful to designers — so
that adequate space for SuDS in the streetscape and public open space can be allowed for.

Consideration should also be given at this stage to any potential construction issues associated with the
selected components, and likely maintenance requirements (including access) to confirm the scheme’s
long-term viability.

Where development is to be phased, the SuDS design will need to take full account of this.

7.5.7 Conceptual design: Reporting

The reporting at this stage should set out the conceptual drainage strategy and confirm the approval and
adoption processes and stakeholders involved. The report should include:

= definition of strategic objectives for the development in relation to the management of surface water,
including any sustainability targets for water management, climate resilience, biodiversity, green
infrastructure etc for the development, FRA requirements, and local SuDS approval and adoption
policy requirements
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= identification of likely synergies and challenges, such as potential contribution of the site surface
water management system to wider catchment objectives, such as biodiversity delivery and flood
risk management

= any requirements/objectives imposed by a wider site surface water management strategy (ie where
the site is a parcel of land that forms part of a larger development area)

= water quantity, water quality, amenity and biodiversity design criteria and standards relevant for the site

= constraints and opportunities for SuDS delivery, including any likely change in permeability of the
site following development, proposed land use, site contamination levels, infiltration potential, public
open space/green space/amenity provision requirements, local biodiversity characteristics, building
types and forms, street types and forms

= initial scoping of potential costs and benefits of different SuDS options, in order to estimate any
influence on development viability

= the outputs of any initial stakeholder consultations and implications for SuDS design and community
engagement strategies

= the definition of surface water sub-catchments, land use types, flow routes, runoff destinations and
Management Train options

= design methods to be used (eg for greenfield or previously developed runoff rate assessments)
and justification

= likely SuDS components and initial estimate of space required (including access for maintenance),
including the potential integration with the built form, connective pathways, green/public space

= consideration of key construction and maintenance issues.
At this stage, it is crucial to secure a complete understanding as to who will be the long-term owner of the
drainage assets (some assets are likely to remain in private ownership, while others may be adopted by

public bodies) and who will operate and maintain the assets. This will dictate any site-specific adoption
criteria and also the required processes set by the relevant drainage adoption body.

Where the proposed system has operational requirements (eg pumping), the operation protocols and
emergency procedures will need evaluating and agreeing with the adoption body.

Even at early stages in the design, it is important to ensure that long-term maintenance is as cost-
effective as possible, and that any future owner will have easy access to all parts of the drainage system
that may require future maintenance, and any equipment and skills required to undertake the work.

Options for the disposal of waste (arising from sedimentation and vegetation management) should also
be considered.

Guidance on assessing potential costs and benefits of different SuDS options is provided in

Guidance on operation and maintenance requirements is provided in
Guidance on waste management requirements is provided in

Guidance on community engagement strategies is provided in

The third stage of the SuDS design is the outline design, which should be developed alongside the
agreed layout and design of the development, and landscape and building characteristics. Key steps in
outline design are shown in and described in the following sections.
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Figure 711 The outline design process

Outline designs will usually be required where outline planning permission is sought. Where only a full
planning permission is sought, the stages involved here will still be required, but should be incorporated
into the detailed design stage (Section 7.8).

7.6.1 Size SuDS components at site scale
In order to further develop the SuDS design, estimates will be required for the following:
= the greenfield (and/or agreed proportion of previously developed) runoff rates, to which the runoff
from the site will need to be controlled

= likely runoff rates from the developed sub-catchments (including any climate change and urban
creep provisions)

= infiltration capacities where infiltration components are proposed
= demand for non-potable water where rainwater harvesting components are proposed
= the remaining difference in runoff volume between the development runoff volume and the greenfield

(or other agreed) runoff volume for a specified large event.

The required attenuation storage volume will be dependent on the increase in runoff rate because of the
development, and the design rainfall event characteristics.

This will allow initial sizing calculations to be done of the:

= volumes assumed to be harvested for different return periods
= volumes assumed to be infiltrated for different return periods
= total attenuation storage volumes required for the site for different return periods

= extra storage volumes likely to be required for volume control for the 1:100 year event (ie Long-
Term Storage).
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The design process is set out in . Detailed guidance on each of the steps is presented in

The design criteria and standards for water quantity are presented in
Guidance on methods for estimating greenfield runoff rates is presented in

Guidance on methods for estimating previously developed site runoff rates is presented in

)-

Guidance on methods for estimating runoff rates from the developed site surfaces is presented in

Guidance on designing for climate resilience is provided in

Guidance on climate change factors and urban creep factors is provided in
Guidance on infiltration design is provided in

Guidance on the design of RWH systems is provided in

Guidance on attenuation storage design is presented in

Guidance on Long-Term Storage design is presented in

At this stage, the individual SuDS components should be sized, and their designs refined. Any
assumptions made at conceptual design stage, such as infiltration capacities, groundwater levels and
existing sewerage infrastructure and capacities, should be confirmed, using robust evaluation methods.

Required storage volumes should be distributed between sub-catchments (where appropriate), estimates
should be made of required conveyance and exceedance flow rates and checks should be made that
proposed treatment components are adequate. Any required flow control components should be defined
and scoped. This process is set out in
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Figure 712 Site and sub-catchment scale component sizing for outline design
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Guidance on methods conveyance system design and exceedance design is provided in

Guidance on designing for treatment is provided in

Guidance on component sizing for water quantity and water quality management is provided in

Guidance on infiltration testing and design is provided in

Guidance on flow control component design is provided in

The constructability and maintainability of the proposed SuDS scheme should be given full consideration,
and initial construction and maintenance strategies developed for consideration by stakeholders.

A preliminary health and safety risk assessment should be developed. SuDS designs will require
consideration as part of any CDM risk assessment process.

Any requirements of the drainage approving body and other engaged stakeholders regarding design
detailing should be evaluated at this stage.

The costs of the scheme should be given full consideration and agreed with scheme funders, and
likely long-term operation and maintenance costs should be approved by the drainage adoption body
before final design. Where scheme investment is driven by benefits delivered by the scheme, benefit
quantification should also be undertaken.

Guidance on generic SuDS construction requirements is provided in , with
component specific detail contained within

Guidance on generic SuDS maintenance requirements is provided in , with
component specific detail contained within

Guidance on designing safe surface water management systems is provided in

Guidance on health and safety is provided in , and the health and safety checklist is
provided in ( )-

Guidance on costing designs is provided in

Reporting at this stage should be sufficient to support outline planning applications, and should include
preliminary sizing for each component and exceedance flow management route. The outline design
statement should establish:

= points of discharge of the surface water runoff from the site

= the extent to which each of the design criteria (quantity, quality, amenity and biodiversity) will be
delivered by the SuDS design, and the impact of any stakeholder engagement undertaken during
the design process

= statements regarding how each of the criteria will be delivered by the system
= adescription and evaluation of proposed Interception measures for all impermeable areas
= a suitable SuDS Management Train(s) for all sub-catchments that delivers appropriate treatment

= infiltration tests (where practical — or other infiltration assessments based on desk studies) and
approximate infiltration designs (where relevant)

= approximate attenuation and Long-Term Storage volumes and appropriate flow control systems to
manage flows and volumes for different return periods, including design exceedance events
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= initial health and safety risk assessment (as part of CDM process)
= plan and elevation drawings of the proposed scheme

= an operation and maintenance plan (that includes waste disposal).
A more formal list of requirements might be set by a drainage approving body at outline planning stage.

P> An example list of requirements for reporting is set out in Appendix B (Section B.1.2, Table B.2).

STAGE 4: DETAILED DESIGN
The fourth stage of the SuDS design is the detailed design, which should refine the SuDS design in line with
the final development design, and determine sizing and detailing for final drawings and documentation to be

submitted for planning approval, drainage approval and to contractors for costing purposes.

Where the outline design stage is omitted, the design steps described in Section 7.7 should be
incorporated as part of the detailed design stage.

The design should be refined and finalised following the process set out in Figure 7.13.
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Figure 713 The detailed design process
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The scheme should be tested hydraulically to identify the worst case hydraulic condition for each
component for all design return periods. This should be undertaken using either design storms or time
series rainfall (TSR) analysis.

The hydraulic performance of the system should then be optimised to make sure that all storage and
conveyance areas are used as effectively as possible during design rainfall events. Drainage simulation
models can be used where appropriate.

Consideration should be given to the extent to which the SuDS components should function during flood
events affecting the receiving surface waters.

Account should also be taken of any overland flow routes across the site from external areas or other
external flood sources. Such flows will either need to be routed around the site or conveyed across
the site, either in exceedance routes or within the SuDS components themselves. The likely rates and
volumes of these extra flows will need to be accounted for in the system design so that people and
property on the site are not put at risk.

Exceedance routes should be evaluated and designed where required, ensuring appropriate levels of
freeboard between extreme flood levels and building floor levels
Guidance on rainfall characteristics is provided in

Guidance on Interception, attenuation and Long-Term Storage design, conveyance and
exceedance route sizing is presented in

Guidance on infiltration design is provided in
Guidance on the design of RWH systems is provided in

Guidance on design of inlets, outlets and flow control systems is provided in

Checks should be made that the final scheme meets all of the design criteria established for the site
( ). At this stage, it is likely that the main checks will be that the system meets the agreed
standards for quantity and quality, that:

= Interception is delivered for all hard areas

= peak rates of runoff for low return period events are adequately controlled

= peak rates of runoff for high return period events (including appropriate climate change and urban
creep factors) are adequately controlled

= volumes of runoff for high return period events are adequately controlled

= high return period events (including appropriate climate change and urban creep factors) do not
pose an unacceptable risk to people or property, as a result of the development

= the flow velocities and depths for regular events allow effective treatment to be delivered by
components for which treatment performance is assumed.

The performance of the system with respect to the remaining water quantity and water quality criteria,
and the amenity and biodiversity criteria is unlikely to change materially at this stage in the process.
However if, because of non-compliance with the above standards, a decision is made that a component
should change fundamentally (eg a surface component has to become a subsurface component), then a
review of performance to the full suite of criteria will be required.

Indicators are likely to be a useful way of assessing the performance of the scheme to agreed criteria and
where these have been established early in the design process — they can potentially form a framework
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for the assessment process (eg “the proportion of the scheme that is on or near the surface”is likely to be
a useful indicator of the extent to which the scheme might deliver a number of the water quality, amenity
and biodiversity criteria).

P Example indicators for water quantity, water quality, amenity and biodiversity criteria are
presented in Chapters 3-6.

7.7.3 Refine SuDS component sizing and flow controls

Where the agreed standards (described in Section 7.8.2) are not met satisfactorily, the design will need
to be revisited, and amendments made to component sizing and/or flow controls. The hydraulic testing will
then need to be undertaken again. This process will usually occur iteratively until a satisfactory solution
has been identified.

P> Guidance on Interception, attenuation and Long-Term Storage design, conveyance and
exceedance route sizing is presented in Sections 24.8 to 24.12.

Guidance on infiltration design is provided in Chapter 25.

Guidance on the sizing of RWH systems is provided in Chapter 11.

Guidance on treatment design is presented in Chapter 26.

vvyyvyy

Guidance on sizing of inlets, outlets and flow control systems is provided in Chapter 28.

7.7.4 Finalise design
The final design should be refined, taking costs and benefits into account, together with any health and

safety risk assessment (required as part of CDM), constructability and maintainability considerations.

Individual SuDS components should be finalised and detailed following the guidance within the technical
component chapters of this manual and/or appropriate manufacturer literature.

Specifications will need to be prepared for all the materials used in the design, and for the construction
and landscaping works, together with full construction method statements and Maintenance Plans.

Community education and engagement strategies for the completed system should be developed. In
some cases these will evolve from community input provided during earlier design stages.

A design statement should be prepared, which includes a description of each of the system criteria and
standards, and the approaches through which these criteria and standards have been met.

P> Guidance on component design is provided in Chapters 11-23.
Guidance on design of inlets, outlets and flow control systems is provided in Chapter 28.
Guidance on construction is provided in Chapter 31.
Guidance on maintenance of SuDS is provided in Chapter 32.
Guidance on waste management is provided in Chapter 33.

Guidance on community environmental learning is provided in Section 5.2.7.

vVvVvvYyvyyvyy

Guidance on community engagement is provided in Chapter 34.

7.7.5 Detailed design: Reporting

At this stage, reporting should include the final detailed design and specification for the SuDS scheme
sufficient to support a full planning application, including:

= infiltration and geotechnical test results and evaluation
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= design methods used (eg for greenfield or previously developed runoff rate assessments) and justification
= full calculations for the overall scheme and individual components

= justification of any non-compliance to national or local standards

= detailed design drawings

= materials specifications

= landscape specifications

= construction method statement

= scheme Maintenance Plan (including costs)

= final design statement.
A more formal list of requirements might be set by a drainage approving body at full planning application stage.

An example list of requirements for reporting is set out in (
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MG Designing for specific

u u ]
O 8 site conditions
This chapter demonstrates how SuDS can be successfully designed for

sites with conditions that are often considered challenging.

Guidance on designing SuDS for roads and highways can be found in
Chapter 9.

» Guidance on designing SuDS for roads and highways can be found in Chapter 9.
» Discussion on integrating SuDS into high density urban areas can be found in Chapter 10.

» Guidance on dealing with infiltration design challenges (eg high variability in
infiltration rates and low infiltration rates) is set out in Chapter 25.

8.1 INTRODUCTION

SuDS can be delivered on all sites, but most sites will pose challenges of one sort or
another in relation to the selection and integration of effective SuDS components. Most
of these will be relatively straightforward to solve, using engineering and landscape
best practice. However, there are a few challenges that have mistakenly been raised as
potential reasons why SuDS cannot be used and these are addressed here.

This chapter demonstrates, with examples, how SuDS can be integrated into sites
that have:

= contaminated soils or groundwater below the site

= high groundwater levels

= steep slopes

= no gradient or very shallow slopes

= underlying rocks or soils that are prone to instability, that is, slope stability,
dissolution or other voids (eg old mine workings)

= sites with very deep backfill (eg infilled open cast sites, old landfill sites)

= sites with open space in floodplain zones.

8.2 CONTAMINATED SOILS OR GROUNDWATER BELOW THE SITE

8.2.1 The challenges

When designing a surface water management system for a site that overlies contaminated
soil or groundwater, the following issues should be considered within the design process:

1 The presence of contamination in the ground may prevent the use of infiltration.
This is because water soaking through the ground can mobilise contamination and
thereby pollute groundwater.

2 Contaminated groundwater may flow into the SuDS. This would only occur if
unlined conveyance and/or attenuation components are located below maximum
likely groundwater levels.
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3 Contamination may have an adverse effect on materials used in the construction of the SuDS.

4 Inappropriate design of the SuDS could compromise the remediation system provided to protect
residents from any contamination that is left in the ground. One example is where SuDS are
designed to extend below any capping layer provided to prevent contact with contamination.

5 Excavation and disposal of contaminated soils in order to construct drainage systems is expensive.

The above issues are not valid reasons for not using SuDS on sites affected by contamination. They can
be overcome by careful planning, communication, risk assessment and design detailing. It is generally
appropriate to seek advice from a geo-environmental professional with experience in contaminated land
issues, as early as possible in the development planning process, so that drainage and any remediation
strategies can be integrated, and a cost-effective solution developed.

Guidance on planting in contaminated soils is provided in

Impermeable barriers can be used to prevent contaminated groundwater flowing into any SuDS component.
However, it is preferable to construct the SuDS component above the groundwater table to minimise the risk
of groundwater entering it, rather than relying on liners. The minimum distance between the maximum likely
groundwater table and the base of the SuDS should be based on a detailed groundwater risk assessment,
although 1 m of unsaturated soil is often sufficient, unless specific risks exist.

The issues for the construction of SuDS are no different from any other construction in contaminated
ground, including piped drainage. An assessment of the impact on any materials likely to be in contact
with contamination should be undertaken to make sure that the materials will be durable in the anticipated
exposure conditions. Guidance is provided in Privett et al (1996), EA (2001) and Paul (1994).

When designing SuDS on contaminated sites, it is important to fully consider the planned site remediation
strategy. If possible, the SuDS design and the design of the remediation strategy should be integrated, to
maximise efficiencies and opportunities and to minimise costs. Clear communication between all parties

is paramount for the success of these schemes.

If a capping layer is to be provided, it will often only be constructed below gardens and landscaped
areas. Hard areas such as parking are usually considered to be an effective capping layer themselves,
without any extra provision (although this is not the case for pervious pavements). Capping layers can be
extended below SuDS components, such as ponds or swales as shown in

If contamination is to be removed or reduced either by excavation or in situ remediation, this may
mean that SuDS can be designed as for any uncontaminated site. Again close collaboration with the
remediation designers is necessary.

The use of well-designed, shallow SuDS can minimise excavation and disposal when compared to piped
drainage and deep tanks. They can also reduce the risk of creating preferential pathways for vapour

and gas migration via pipes and backfill. SuDS that are shallow and on the surface usually also offer
significant advantages with respect to the health and safety of construction workers, because contact
with contaminated soils can be minimised.
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The purpose of a capping layer may be to:

= prevent human contact with contamination

= prevent water soaking into the ground {note: this may
require the additional use of a liner or thicker capping
layer beneath the SuDS component)

= provide uncontaminated soils for plants to grow in
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below swales or a
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Figure 8.1 Contaminated land and SuDS: typical capping layers

8.2.6 The use of infiltration on contaminated land sites

When considering the suitability of infiltration for a contaminated land site, the specific location and
depth of contamination should be evaluated. This will clarify whether infiltration can potentially be
used in some areas and not others,

or if infiltration is not suitable for the
site at all. A risk assessment and
assessment of the leaching potential
of contamination should be undertaken
by a contaminated land specialist, to
determine whether pollution will be
mobilised. If infiltration is not suitable,
then SuDS components should be
designed not to allow infiltration.

The permeable pavement for the high-
density development in Figure 8.2 is
constructed on a small, constrained
brownfield (previously developed) site
where there was some hydrocarbon
contamination from previous industrial
use. The risk assessment together with  Figure 8.2 Unlined permeable pavement on a contaminated site,
the assessment of leaching potential Stamford, Lincolnshire (courtesy EPG Limited)

determined that limited infiltration (to

provide Interception) would not be a risk to groundwater.

Depending on the depth, infiltration systems can potentially be located below any contamination so that
the infiltrating water does not come into contact with the contamination. Contaminated soils can also be
removed from the immediate area around soakaways. These solutions are illustrated in Figure 8.3. The
use of vertical geomembranes placed around the edge of the excavation could also be considered to
minimise the risk of horizontal migration of the infiltrating water into the contaminated soil.

Chapter 8: Designing for specific site conditions
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Figure 8.3 Locating infiltration systems beneath layers of contamination and/or removal of contaminated soils from
around soakaways

If infiltration is not considered appropriate for the site, following a risk assessment, drainage systems can
be lined to prevent water soaking into the ground and connected to a suitable outfall system. While not
providing infiltration, and reducing the potential for Interception, it can still attenuate flows. An example of
a lined permeable pavement constructed over a former landfill site is shown in Figure 8.4.

It is important to consider the impact of contamination on the liner, for both geosynthetic and mineral (eg
clay) liners.

If large expanses of a site are covered

by liners (eg a large expanse of lined
permeable pavement in a park-and-ride),
then the impact of effectively sealing the site
surface may need to be considered where
there is gas or vapour contamination in the
ground. If ground gas or vapour is migrating
through the surface of the undeveloped

site, sealing the surface could potentially
force gas to migrate sideways, although this
can be prevented by providing a suitable
venting system. Small areas of impermeable
lining (ie covering a small proportion of the
surface) are not likely to have a great effect

Figure 8.4 Lined permeable pavement constructed over a on gas and vapour migration horizontally.
former landfill site, Portsmouth (courtesy EPG Limited)

HIGH GROUNDWATER LEVELS BELOW THE SITE

8.3.1 The challenges

When designing a surface water management system for a site that overlies high groundwater levels (ie
maximum likely groundwater levels are within 1 m of the base of the SuDS component — see Section 25.2.2),
the following challenges should be considered within the design process:

= The use of infiltration may not be suitable due to reduced hydraulic and treatment capacity.

= If SuDS are constructed below the maximum likely groundwater level, then groundwater can
potentially enter the SuDS component and reduce the storage capacity.

Part C: Applying the approach
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= Flotation and structural design risks to
storage structures or impermeable liners
can occur because of the extra loads
imposed by the groundwater and the
buoyancy of the tanks or liner.

One example of SuDS on a site with high
groundwater levels is the Henry Box site in
Witney, Oxfordshire. On this site, shallow
source control methods using a combination of
swales and kerb drains was used to manage
surface water (Figure 8.5). Groundwater was
400 mm to 700 mm below the surface of the
site, and ground levels could not be raised as

part of the development. Figure 8.5 Shallow swale on a site with shallow groundwater,
Witney, Oxfordshire (courtesy EPG Limited)

8.3.2 The use of infiltration where groundwater levels are high

Infiltration may not be suitable where there is not an adequate depth of unsaturated soils (ie greater than
1 m) between the infiltration surface and the groundwater. Any assumption of pollution protection within
the unsaturated soil layer will also be invalidated. Contaminated surface water runoff can potentially
directly pollute groundwater if the groundwater is hydraulically linked to water within the SuDS.

Depending on the depth of groundwater below the site it may be possible to use shallow infiltration basins
or permeable pavements. On some sites careful use of land raising with suitable fill materials may also
be an option, although this will require advice from a ground engineering specialist, to ensure that the
infiltration capacity and risk of settlement or instability is acceptable.

Where infiltration into sites with shallow groundwater tables is proposed, the impact of recharge in thin
aquifers leading to groundwater mounding (even under average conditions) should be considered. This
risk is minimised by using planar infiltration systems such as discharges from below a pervious surface.

The impact of fluvial flood events on groundwater levels should also be considered, as there may be
impacts even if the site is outside the fluvial flood plain.

8.3.3 Reduced system capacity resulting from high groundwater levels

It is important to keep storage and conveyance systems above maximum likely groundwater levels,
wherever possible. This will avoid difficulties during construction caused by water flows into excavations
and will ensure that the hydraulic and treatment capacity of the SuDS component is retained at all times.

It is very difficult to completely seal a geomembrane around a geocellular tank or permeable pavement,
and any water ingress can impact on the available internal hydraulic storage capacity. This is recognised
in the landfill industry where lining systems rely on multiple layers to form an effective containment
system. Even in landfill sites with highly regulated installation and quality assurance procedures it is

still recognised that holes in a liner can occur, mainly due to defects in jointing or from post-installation
damage (Privett et al, 1996). Table 8.1 provides information in the leakage rates from various defects in
liners. This shows how important it is that robust membranes are used to line tanks, and that they are
integrity tested after installation.
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TABLE Calculated flow rates through a geomembrane liner with 0.3 m of water ponded on the liner

8.1

8.4

134

(after USEPA, 1991)
Size of defect (mm?) Number of defects per hectare Leakage rate (I/ha/day)

0 0 0.09*
10 25 3140
10 75 94 300

100 25 31400

100 75 943 000

1000 25 314 000

Note

*

advection flow through intact geomembrane material.

Information on integrity testing of geomembranes used in gas protection systems in buildings is provided
in Mallett et al (2014). The methods of integrity testing and advice on visual inspections is applicable to
membranes used in SuDS, and indeed some of the methods described in the report have been used

to test membranes installed around geocellular tanks. Testing may be required at different times of
installation (eg when the membrane is laid out over the base, and then later when the geocellular units
are installed and the membrane is wrapped over the sides and top).

Comparison of leakage rates with the allowed discharge from a tank show that if the leakage rate is
more than about 5% of the allowed discharge rate then the hydraulic design capability of the tank will be
compromised. The use of tanks with membranes below groundwater is not recommended. It should also
be noted that surface linear channel systems cannot be assumed to be completely sealed and, if they
extend below the groundwater table, then water will leak into them.

8.3.4 Flotation and structural risks from high groundwater levels
It is important to avoid locating storage tanks or lined sub-base systems below the maximum likely
groundwater level, if at all possible. There are two reasons for this:

= The lateral loads on the side of tanks increase significantly if groundwater is applying pressure to the

side of the tank and will therefore impact on the structural design of the system.

= Buoyancy of the tank or lined sub-base can cause uplift failure of the system. Flotation should be
prevented by having sufficient counter force, which will be derived from the self-weight of the tank
construction and the weight of permanent backfill over the top of the tank. Shallow 150 mm deep
attenuation tanks have been successfully used below concrete slabs where groundwater was very
close to the surface. In some cases where it has not been possible to resist uplift forces by dead
weight alone, extra resistance has been provided using anchorage systems.

SLOPING SITES

8.4.1 The challenges
When designing a surface water management system for a steeply sloping site (usually greater than 3%
to 5%), the following issues should be considered within the design process:

= the effective utilisation of storage capacity within SuDS components

= the likely velocities in swales and basins due to the steep gradients (which affects scour, erosion and
resuspension of pollutants, as well as health and safety)

= the risks of infiltrating water reappearing as spring lines further down a slope

Part C: Applying the approach
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8.4.2 Hydraulic capacity of SuDS components on sloping sites and control of conveyance velocities

Available storage capacity can be reduced where SuDS components are implemented on sloping
sites. However, there is usually a need to terrace the site to fit in the proposed development. Roads will
normally be designed to run at shallow slopes across contours. This allows space to be found between
the contours into which SuDS can fit.

A sloping site (as shown in Figures 8.6 and 8.7) can have opportunities for attenuation storage areas.
Terracing for parking areas provides opportunities for pervious pavements to store water. Basins can also
be provided on terraces formed to deliver open space for the development. If space is limited, geocellular
sub-base replacement can be used below such basins to drain larger areas by increasing the available
storage. Successful SuDS design on sloping sites usually involves splitting the runoff catchment into
small, manageable sub-catchments, and looking for all the potential opportunities for runoff conveyance
and storage.

Pervious pavement
on terrace

Original ground level —— Geocellular sub-base replacement

to maximise storage

Water chscharges over ralaining
wall via waterfall

i

Crib wall with brick facing
at location of waterfall

Swale
{erosion protection below
cascade of water)

Water flows down channels at
the side of footways through
the development

Basin at lower level

Figure 8.6 Cross-section showing example SuDS on a sloping site

Figure 8.7 Retaining wall and waterfall (a) and planted pool with overflow to play basin (b), Springhill Co-housing,
Stroud (courtesy Robert Bray Associates)
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It is possible to slow down the flow of water and increase storage on sloping sites by using check dams in
swales or in storage layers, for example below permeable pavements. Examples of check dams in swales
are shown in Figures 8.8a to 8.8b. Check dams can also be combined with road or pedestrian crossings
as shown in Figure 8.8c. Guidance on check dams in swales and pervious pavements is provided in
Chapters 17 and 20 respectively.

Figure 8.8a Check dams in a swale,  Figure 8.8b Check dam in a swale Figure 8.8c Check dams can be
Oxfordshire (courtesy EPG Limited) during construction, Lincoln (courtesy combined with road/pedestrian
Lincolnshire County Council) crossings, Upton, Northamptonshire

(courtesy EPG Limited)

8.4.3 Risks from infiltration

Whether or not infiltration systems pose a problem on steeply sloping sites will depend on the geology
below the site. The impact of using infiltration drainage on sloping sites should be assessed by a
competent geotechnical engineer or engineering geologist.

It is possible that infiltrating water may cause seepages out of the slope at a lower level, which could
cause flooding or instability. Care also has to be taken where water is infiltrating close to retaining walls,
because water could issue from the face of the wall, or it could increase the overturning pressure on it
and cause it to fail.

A single small soakaway may not have any significant effect on groundwater flows at lower levels, but the
combined effect of many such components could be significant. The geology and slope angle together
with the likely volume of water that is infiltrated will determine the extent of any potential risk. Layered
strata with impermeable soils or rocks will present the greatest risk of spring lines developing due to
infiltration drainage higher up a slope, as shown in Figure 8.9.

MNew development The deeper and more concentrated
the infiltration drainage is, the

greater the risk of adverse effects

Water could potentially issue from the o
face of steep slopes and cause instability Existing

Permeable stratum development

i e
Y —
Eein

&
&
i

i

b

Water could potentialty flow over
impermeable layvers and cause spring
lines to develop, or groundwater flooding
in developments at a lower level

Figure 8.9 Impact of geology on water flows from infiltration drainage on sloping sites
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When designing a surface water management system for a very flat site, the following challenges should
be considered within the design process:

= achieving sufficient gradients to drain runoff effectively
= difficulty in meeting outlet levels to existing watercourses or sewers

= impacts of downstream water levels on drainage system performance.

On very flat sites, it is often not possible to construct piped drainage systems with sufficient falls to
achieve minimum self-cleansing velocities. So using shallow SuDS components such as swales, pervious
pavements or high capacity linear drainage channels is an advantage in these situations. Good SuDS
design should aim to divide the site into small sub-catchments and provide local combined storage and
conveyance components. The hydraulic head that develops as water flows into and builds up in the
system will then cause water to flow out of the system.

This is a common issue in low-lying coastal (internal drainage board) areas where piped drainage and
the necessary cover often compromise the ability to achieve a suitable outfall. A common solution is to
provide extensions of rhyne systems and provide storage volume within an on-site swale/rhyne system
embedded throughout the development.

On flat sites, or indeed any site where a storage tank or layer has a flat base, ponding of water may occur
in the base of the storage. If this occurs in systems that are not lined (where the soils are impermeable
and do not therefore allow infiltration), the water could be in contact with the underlying soils for a
significant length of time and could ultimately reduce the strength of the soil. If possible, a slight fall on
any subgrade exposed to water is preferred, to avoid ponding of water. If this cannot be provided, then the
reduction in strength due to waterlogging should be taken into account in the structural design of tanks or
pervious pavements.

A normal drainage system will often end up being fairly deep. Even using shallow SuDS components,
the end of the surface water drainage system may still end up below the minimum allowable outfall level.
In such cases, a pumping station will be necessary. Several SuDS schemes have included pumping
stations, but they should be a last resort and only allowable in situations where guaranteed maintenance
of the pumps can be ensured.

demonstrates the advantages of SuDS in meeting minimum outfall level constraints.
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PUBILIG OPEN SPACE FOR
DﬂEmmﬁhW !

= == = DElow ground conveyance route

a Piped system

PUBILIG OPEN SPACE FOR
REVELOPMENT v

== eee Swales conveying exceedance flow surface conveyance route

b SuDS scheme

Figure 8.10 Example comparison of piped drainage system to a SuDS scheme
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When designing a surface water management system on a site that may be prone to subsurface soil or
rock instability, the following issues should be considered within the design process:

= Water infiltration into the ground can cause instability in poorly consolidated soils, because the water
can wash out the soil or cause it to compact. Also, rocks such as chalk may slowly dissolve over time.

= Water from infiltration systems can cause slope or retaining wall failure, because water pressure may
increase in the soil behind the slope or wall.

Guidance on areas of potential surface geology instability can be found via BGS infiltration maps:
http://tinyurl.com/oruu25r

SuDS for sites where there are soils or rocks prone to instability should not use infiltration as a runoff
destination, and it may be necessary to line systems to prevent any water infiltrating the ground. This will
depend on the risks associated with any potential instability and the likely volume of water discharging to
the infiltration device when compared to natural exposure to rainfall on the same area. A small amount of
infiltration to provide Interception may not be a problem.

Using infiltration drainage in chalk can cause settlement due to solution of the chalk or infilled features in
the surface of the chalk. Guidance is provided in Lord et al (2002).

The use of SuDS in such areas with rock/soil instability risks will require advice from a geotechnical
specialist. Areas that need specific care include the areas around old shafts or adits into mine workings,
shallow mine workings, limestone and areas with buried, infilled solution features. Shafts and adits and
infilled solution features have often been filled with loosely compacted soil that has very marginal stability.
The passage of water through it can cause loss of material, as fines are washed out, leading to collapse
of the soil mass.

If water is allowed to infiltrate behind slopes or retaining walls, it can increase pore pressures in
the ground. This may increase the pressure on the wall or slope and cause it to fail. Infiltration
devices should be located at a sufficient distance from slopes and retaining walls to prevent any
adverse effects on stability. The appropriate distance should be based on a slope/wall stability and
groundwater flow assessment.

When designing a surface water management system on a site located above or close to infilled open
cast sites or old landfill sites, the following issues should be considered within the design process:

= Infiltrating water can cause compaction of the existing fill material.

= Any settlement of the backfill is likely to cause surface level changes, which can potentially affect
gradients along a drainage system or cause damage to liners. Settlement can cause tension cracks
that allow more water to infiltrate, which may not be acceptable. This issue may affect the viability
of an entire development. So if the site is suitable for development over the backfill then it will most
likely be suitable for some form of SuDS.



The main concern is the potential effect of infiltration on settlement of deeper areas of fill. Infiltration
should be avoided unless it can be demonstrated that the fill material is sufficiently well compacted that
settlement will not be a problem (as well as being sufficiently permeable).

As shown previously in , a drainage scheme has used permeable paving over a landfill site in
Portsmouth. The system is lined to prevent infiltration.

SuDS such as swales and permeable pavements are likely to be more tolerant of movements due to
settlement than piped drainage. Where there are potential risks, however, the effect on gradients should
be assessed and any liners should be carefully detailed to prevent tearing. Pipe drainage can only
tolerate a small amount of movement at the joints.

On some sites, floodplains might be the only available public open space. The role of a floodplain is
primarily to mitigate flood risk from rivers or tides, and during extreme events these areas will naturally
flood with river or seawater, making them ineffective for use in storing surface water runoff. It is highly
unlikely that any storage volume achieved within a floodplain would be allowed to meet a development’s
total surface water attenuation requirement. All storage volume should normally be provided within the
development footprint, outside of the floodplain.

The presence of a floodplain, however, should not preclude the site from including SuDS, as they could
still be effective in managing routine rainfall, and runoff may need to be discharged safely across the
floodplain. SuDS in the floodplain may also be acceptable in terms of providing treatment for frequent
events. The design of those parts of SuDS in a floodplain should not reduce floodplain storage or
conveyance.

Any SuDS within a floodplain should be selected and designed taking account of the likely high
groundwater table and vulnerability to erosion during periods of high flows/water levels.

Design of any conveyance routes should limit grading and the creation of surface features (such as
berms and unreinforced channels) that could either reduce floodplain capacity or be washed out in a
flood. Surface discharge from SuDS should be dispersed (ie allowed to shed off as sheet flow) with point
discharges minimised or eliminated.

All SuDS within or crossing a floodplain should take full consideration of the likely influence of river water
levels on the design performance (in terms of level, frequency, duration and impact on SuDS conveyance

and storage). Combined probability assessments may be required.

Siltation and subsequent clearance after a flood event has subsided should also be taken into account in
the design.

The SuDS shown in the development in Stamford in are located in the flood plain.
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Designing for roads and
highways

This chapter addresses specific design opportunities and constraints
when implementing SuDS primarily in or adjacent to roads in new
developments. It does not cover retrofitting SuDS into existing roads in
any detail, although much of the advice may be relevant in that context.
It is not intended to be a complete guide to designing SuDS for roads, as
this is provided in other publications.

» This chapter should be read alongside Chapters 3—8 and Chapter 10 in order to
understand the many issues that influence the selection of appropriate SuDS for roads.

9.1 INTRODUCTION

The drainage of roads using SuDS is a design application scenario that has specific
challenges owing to the need to protect the road pavement from damage and ensure that
extra safety risks are not introduced by the design of the drainage system.

Road/highway design requirements will also be a key influence, and there needs to
be co-operation between road/highway and SuDS designers to achieve the most
effective schemes.

This chapter is not intended to be a complete guide to designing SuDS for roads. It
covers the following specific concerns and issues that are often raised:
1 general road drainage approval issues
interface with buried utility services
examples of SuDS components used for road drainage

use of infiltration systems for road drainage

2

3

4

5 filter drain design issues

6 swale design issues

7 exceedance flow management
8 treatment of road runoff
9 safety issues

10 retrofitting SuDS for road drainage as part of a highways improvement scheme (but
not standalone retrofit of SuDS)

11 maintenance issues.

There is other guidance on designing SuDS specifically for roads (including highways),
and this is referenced at the end of the chapter (Section 9.14).

9.2 APPROVAL AND ADOPTION OF SUDS IN OR ADJACENT TO ROADS

Roads, over which there is a public right of passage, have to be constructed to an
agreed standard, with prior technical approval for the design having been secured by

Chapter 9: Designing for roads and highways 143




the developer from the relevant highways authority. Any road design must also include details of how the
road surface is to be drained and what drainage components are to be employed.

Currently, surface water drainage components that drain only an adopted road have to be approved by
the local highway authority. Their design may also require approval by the drainage approving body,
which could differ from the highway authority. (Although it would normally be in the same local authority,
it could be different departments.) If SuUDS components drain both the road and adjacent parts of the
development, it is more likely that the drainage system will be approved and adopted by the drainage
approving body. In the case of pervious surfaces acting as the road surface, this element of the system
is likely to be adopted by the highway authority, whether or not they adopt the underlying drainage layer.
This is a complex area, and guidance on relevant approval and adoption protocols should be sought from
local stakeholders before SuDS design.

Discussions should be held early in the design process to ensure that SuDS for roads are designed to the
standards required by the relevant adopting body. It is advisable to consider drainage from roads specifically
during the master planning process, taking account of local road (including street) design guidelines and
engaging the local highways authority representative, so that a cost-efficient solution can be determined
that benefits private property owners, drainage authorities and the highways authority ( ).

The layout of buried utility services needs to be considered as part of the SuDS design. As far as possible
the services should be located in corridors, and the choice of SuDS should recognise their presence.

For example, using pervious surfaces over services may not be appropriate in a road where uncontrolled
excavation by utility companies could damage the system and lead to flooding. Conversely there are
many large commercial sites where concrete block permeable paving has been constructed over buried
services without any issues.

Another constraint posed by buried services is where surface features have to be connected below
aroad. The presence of utilities below the road will lead to the surface water system below the road
(usually a pipe) being at least 1 m deep so that they are below the normal services and so the risk of
damage by excavation is minimised.

Connections between surface features will often have to pass below roads. Normally the most effective
way to provide the connection is to use a pipe (or pipes). The pipes are usually required to be placed as
shallow as feasible to minimise the depth of the surface features (as this can potentially impact on the
design, cost and benefits associated with the drainage system). However, in addition to the constraints
imposed by services described above, the cover depth to protect a pipe from traffic loadings is normally
1.2 m, although they can be placed at shallower depth if the strength is increased or they are surrounded
in concrete.

If consideration is being given to placing pipes at shallower depth than usual, the risk of damage by utility
companies should be assessed.

There are also concerns about shallow concrete surrounds causing hard spots in the pavement

construction. If the pavement is not heavily trafficked and has been constructed correctly (especially
compaction of materials) this is not likely to damage the pavement surface or affect its performance.

There are several SuDS components that are particularly suitable for draining roads.



CIRIA SuDS Manual 2015

Pervious pavements (Chapter 20) are often used for low trafficked roads, particularly in residential
areas. These can include permeable paving, porous asphalt, pervious concrete or reinforced grass
systems (Figures 9.1 to 9.3).

-

Figure 9.1 Concrete block permeable paving used for Figure 9.2 Concrete grid grass reinforcement along
a residential road, Cambridge (courtesy Cambridge City  tramlines, Switzerland (courtesy EPG Limited)
Council)

Figure 9.3 Swale and wetland systems with reinforced grass used in less trafficked areas such as laybys and field
access points, A16, Lincolnshire (courtesy EPG Limited)

Swales (Chapter 17) are an extremely useful method for draining long stretches of road where the road
is close to existing ground level and there are few buried services alongside or crossing the road. Swales
are usually not suitable where roads are located on embankments unless they are lined (because any
infiltrating water could cause stability issues) or where the available space is limited. Other longitudinal
drainage components include filter strips (Chapter 15), which can be used for initial treatment, and filter
drains (Chapter 16), which take less space, but tend to provide less storage capacity than swales and
can clog more easily. The provision of an underdrain to the swale can allow for crossing points without
disrupting conveyance flows.
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Figure 9.4 Swale on a steeply sloping road, Oxfordshire Figure 9.5 Swale and wetland system, A16, Lincolnshire
(courtesy EPG Limited) (courtesy EPG Limited)

The profiled edge paving shown in Figure 9.4 traps silt and limits vehicle overrun. The check dams
reduce conveyance velocities.

Figure 9.5 shows the swale and wetland system used for the A16 in Lincolnshire. In some places surface
water runs directly from the road surface into the swale; in others edge channels collect and discharge

to the swale (eg from areas of road on low embankments where water flowing down the slopes could
cause instability); and in others (where kerbs are required) the kerb drainage collects surface water and
discharges to the swale.

Detention basins, ponds and wetlands (Chapters 22 and 23) may be suitable for roundabouts or
junctions, and are also used extensively on the motorway and trunk road network, where there is space
in open countryside.

Figure 9.6 Filter drain, A7, Dumfries and Galloway Figure 9.7 Detention basin draining a rural road,
(courtesy Hydro International) Oxfordshire (courtesy EPG Limited)

The detention basin shown in Figure 9.7, draining a rural road in Oxfordshire, has simple dropped
kerb inlets into a filter strip zone trap silt. Low mown grass around the edges ensures that site lines are
maintained. Other areas drain into the basin via pipes.

Bioretention systems (Chapter 18) can be fitted within road build-outs as traffic calming features and within
dead space in car parks or turning areas, providing amenity and biodiversity benefits within urban areas.

Proprietary silt traps, proprietary treatment systems, oil interceptors, gully and pipe systems
(Chapter 14) may form part of a cost-effective road drainage solution where space is particularly limited
or other site constraints are present. Early engagement with the adopting body and those that would have
responsibility for maintenance is necessary to ensure their acceptability and viability.

For example, hydrodynamic vortex separators have been used to treat pollution from road runoff on a
scheme to widen the M25 (Figure 9.10). An oil separator is preceded by a large sediment trap and leads
to a sedimentation channel and attenuation basin.

Part C: Applying the approach
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Figure 9.8 Wetland draining a complex traffic island, M4 Figure 9.9 Bioretention system, inner ring road around
junction 11, Reading (courtesy EPG Limited) Ashford town centre (courtesy Kent County Council)

Attenuation storage (Chapter 21) may be appropriate in space constrained areas. It may be combined
with solutions such as swales or bioretention. There are many examples where road drainage attenuation
tanks have been adopted by highways authorities or have been used on motorways, especially as part of
widening schemes.

Figure 9.10 Installation of vortex separator, M25 Figure 911 Geocellular storage below roundabout, A595
(courtesy Hydro International) Parton to Lillyhall (courtesy Hydro International)

ALLOWING WATER TO INFILTRATE IN CLOSE PROXIMITY TO THE ROAD PAVEMENT

Normal road pavement materials are affected by the presence of water, which gradually weakens them
and leads to defects such as potholes. SuDS that are adjacent to normal pavement construction should
therefore be designed to prevent water infiltration into the pavement or into the soils below it, as they may
lose strength if excess water is present. If surface water depths in the adjacent drainage components are
kept low, then the infiltrating water will flow downwards and not sideways, and simple details such as that
shown in Figure 9.12 can prevent water from flowing into the adjacent pavement structure.

Retrofitting SuDS as part of highway improvement works may well encounter older types of road
construction, and the design needs to recognise and be sympathetic to this. The system in Figure 9.12
would be provided with an overflow to the underdrain, and this can allow access for cleaning if necessary.

Swales located next to roads should not, in normal circumstances, be very deep for safety reasons.

If there are outstanding concerns regarding risks associated with infiltrating water, swales can be
underdrained, which will act as a subsurface drain at the side of the road (Figure 9.13 and HA 33/06 —
see Section 9.14). For very shallow swales and low-speed roads a side slope of 33% may be acceptable
both from a safety and maintenance perspective (this will depend on the planting design and maintenance
regime). For faster roads and deeper swales 25% side slopes may be more appropriate to address safety
concerns and make simple grass mowing easier.
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Figure 9.12 Detail of a bioretention system designed to prevent water ingress into adjacent sub-base
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Figure 9.13 Water flows from shallow swales acting as edge drains for the road sub-base
9.7 FILTER DRAINS FOR ROAD DRAINAGE

Highways England (formerly the Highways Agency) has used filter drains as combined surface and
subsurface drains for many years (HD 33/06 — see Section 9.14) but there are a few performance issues
that need to be considered:

= There is a risk of stone scatter from the surface of filter drains.

= Slopes on the sides of embankments can fail due to water ingress.

= Water can cause pavement failures (filter drains often have larger depths of water than swales and
tend to be located closer to the pavement structure, therefore the risk of ingress is greater).

= If not maintained, the risk of clogging and blockage can increase the risk of surface water flooding
and also water ingress to the road pavement construction. The risk of clogging can be greatly
reduced by allowing water to run over a 1 m width of grass filter strip before the filter drain, if this is
possible within the constraints of road/highway design.
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The greater the distance from the filter drain to the main carriageway, the less the problem caused by stone
scatter and the less the effects of water on the pavement. If necessary, the filter drain could be lined with an
impermeable membrane to prevent water ingress to the adjacent road pavement construction.

HD 33/06 (Section 9.14) provides information of relevance to the design of filter drains for roads/
highways. A general filter drain detail for roads is shown in Figure 9.14. The boundary between the
impervious area and the vegetation is key to ensure success with this design. This can be an area of
significant erosion, compaction, sediment build-up and contamination that has to be considered in the
design and maintenance requirements. The significance of these issues increase as the traffic frequency
and area drained to the edge increases. On heavily trafficked roads this edge may need frequent
maintenance to remove silt.

Cutting slope Geotextile Filter material contiguous Hard shoulder, hard strip or
with fitter drain carriageway

Filter drain : !

)

{ }—— Perforated pipe
MNote: An imparmeable liner-around the | =" | underdrain to cutfall.
outside of the filter drain may be required I 1
to prevent water affecting the road 1 i
construction. This will depend on soil W W
conditions, depth of drain and the road Some mfiltration
construction. into soiks

Figure 9.14 Filter drain details for cuttings — combined surface water and groundwater drainage

SWALES FOR ROAD DRAINAGE

Highways England has used grassed channels as surface drains for highways for many years (HD 33/06
— see Section 9.14) but the following needs to be considered:

= The profile and location of the channel should not pose a hazard to traffic.
= The swale should be designed to allow easy access for maintenance.

= The swale should be designed so that water ingress into the ground will not affect the adjacent
pavement construction. If necessary the swale can be lined with an impermeable geomembrane.

HD 33/06 (Section 9.14) provides information of relevance to the design of swales for strategic trunk
roads/highways and motorways. Although not completely applicable to other roads, it does contain useful
information that can be used and adapted by designers of swales alongside other roads. A general swale
detail for roads is shown in Figure 9.15.

Kerb drains can be an effective way of collecting water from road surfaces and discharging it at shallow
depths into swales. (The rear outlets from the kerb drain to the swale should be at very regular spacing

to keep flow rates low and minimise the risk of erosion.) In Figure 9.16 the roof water from the houses
discharges into the kerb drains that are draining the road. The kerb drain discharges to the channel drain
across the road which in turn discharges to the swale at the right of the picture. This keeps the swale very
shallow. The system has been adopted by the local highways authority (Oxfordshire County Council).

Another kerb drain outlet directly into a swale is shown in Figure 9.17.
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Type A, B or C filter material —— Perforated pipe  Topsodl (S0mm max) and —— Upstand
Specification for Highway Works underdrain to turf laver or 150mm 25-40mm
Clause 505.5 (note; if e Bis outfall topsoil — seeded root zone

used, a geotetile should be

provided between the filter

material and topsoil layer)

Some infiltration into soils

Dimensions — varies to suit space and ease of maintenance required " Road / Car park

Figure 9.15 Swale detail

Figure 9.17 Outlet from kerb drain into swale (courtesy Figure 9.18 Swale set back from road, Elvetham Heath
ACO Limited) (courtesy Hydro International)
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Figure 9.19 Highway acting as a flood pathway in an exceedance event (courtesy Simon Jeffrey)

ROADS FOR EXCEEDANCE FLOW MANAGEMENT

Roads can provide routes for flows that exceed the capacity of the drainage system (Figure 9.19). Further
guidance is provided in Balmforth et al (2006) and Digman et al (2014).

Roads can be designed or modified to maximise their exceedance flow conveyance or storage capacity,
but great care is needed to ensure that the flows do not cause problems further downstream and do not
represent a hazard to vehicles and pedestrians.

Road designs can be modified to act as efficient exceedance routes by various methods including:

= raising kerb heights (within acceptable limits of road design)
= removing drop kerbs (if practical)
= reprofiling ground levels behind drop kerbs

= introducing dropped kerbs or reprofiling to allow water to run from the road carriageway into suitable
open areas of land adjacent to the road

= raising sections of carriageway to provide a dam that allows further storage and attenuation of
exceedance flows. This can often be integrated with, or be part of, traffic management schemes (eg
speed humps).

Where the road is drained using conventional pipework, the number and capacity of road gullies will
determine the division of flows between the subsurface system and the road. These should be optimised
so that flood risks are managed most effectively.

TREATING ROAD RUNOFF

For the design of roads in development sites the general guidance on water quality principles and criteria
provided in Chapter 4 should be followed. For trunk roads and motorways that are the responsibility of
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Highways England, there are specific guidance documents and risk assessment approaches provided
in HD 45/09 ( ). HD 33/06 ( ) also includes indicative treatment efficiencies for
drainage systems and guidance on appropriate combinations of vegetative and proprietary systems.

Gully emptying, road sweeping and other road maintenance tasks are important pollution prevention
strategies for road runoff, and the treatment of the runoff at or close to its source should be a priority

( )-

Winter maintenance activities and particularly the gritting of roads can have adverse impacts on the health
of vegetation next to roads. Planting should be specified that is as tolerant as possible of potential higher
chloride levels in winter runoff. The winter performance of pervious surfaces is discussed in

In order to maintain the filtration capacity of vegetation systems at the edge of roads it is necessary to
protect them from rutting caused by vehicle overrun.

Any drainage system needs to be safe and there are specific safety considerations for components that
lie adjacent to roads. The risk of a vehicle overturning and the ease of maintenance are the main issues
to consider when decided on an appropriate slope to the side of the swale. For swales next to high-speed
roads, Highways England specifies a maximum slope to the swale of 1 in 5 and a maximum water depth
of 200 mm (HA 119/06 — see ). For slow-speed access roads in residential areas a side
slope of 1 in 3 is more appropriate if the swale is very shallow. Discouraging vehicle overrun with profiled
paving (as shown in ) is also useful in this respect.

Vegetation in SuDS should not interfere with sight lines. In the grass around the edge of the
detention basin is cut regularly to maintain site lines. The vegetation in the centre of the detention basin
can be left to grow higher.

The most likely occasions where retrofitting into an existing road drainage system could be considered to
be practical and cost effective are:

= during road reconstruction/resurfacing schemes
= during large-scale drainage improvement schemes

= increased residential expansion in urban and rural schemes.

Further information on retrofitting SuDS is provided in Digman et al (2012). The overriding factor in
choosing suitable locations for retrofitting SuDS will be the existing falls on the carriageway and the
location and depth of buried services. Before any design work on a retrofit SuDS is undertaken, a
comprehensive utilities and topographical survey should be completed so that the SuDS can be designed
around the buried services and existing levels.

In dense urban environments, roads constructed before the 1950s could include crushed rock or hoggin
sub-base (hoggin is an as-dug mixture of clayey sand and gravel common in the south-east of England),
clinker construction, granite sett construction or wooden tar block construction. Designing around these
types of construction is site-specific. Care needs to be taken that the SuDS will not adversely affect

the construction by allowing water into it and the impact of breaking into the construction does not
compromise the long-term stability of the pavement. Breaking into concrete pavements to construct SuDS
also needs to be done with care to ensure that the stability of the pavement is not adversely affected.

When retrofitting SuDS to existing roads, the gradients and kerb levels will be an important influence on
drainage paths. Designers should always check existing gradients and finished kerb height levels and



assess any likely future changes that may occur as a result of maintenance works to ensure that the
SuDS will drain the road effectively in the long term.

When retrofitting SuDS in rural roads, how the road is constructed, drained and maintained will influence
the design. A large proportion of rural roads have been maintained by having had many applications of
surface dressing (chip and tar), so levels and falls will simply follow the original profile (which will have
been a cart track). If the road is reconstructed to modern standards the cross falls and longitudinal
gradients may change and water may not flow to the SuDS.

It is impossible to provide a completely water-tight road construction, and there is always a level of
moisture within any road construction, especially in the sub-base. It is important that, in addition to
not increasing the moisture levels, the retrofit SuDS does not cut off existing drainage paths within
the sub-base.

Further advice including potential retrofit opportunities for SuDS adjacent to roads is provided by Pittner
and Allerton (2009).

The maintenance requirements for SuDS alongside roads are no different from those in other situations,
and reference should be made to , and also to the individual technical component sections of
this manual.

SuDS draining roads should be reinstated and established correctly, if service companies dig trenches
through them. The profile of a swale should be reinstated to the correct levels and use appropriate topsoil
and seeding. The repair will need to be protected from erosion until the vegetation is fully established.
Pervious surfaces and bioretention systems will require the correct permeable materials to be used in
reinstatement.

Wherever SuDS are present over buried services they are an engineering problem in the event of
excavation, and the road should be classified as a street with special engineering difficulties (SED) under
the New Roads and Street Works Act (NRSWA) 1991. Further information on SEDs and the NRSWA is
provided by the Department for Transport (2012).

Pittner and Allerton (2009) provides guidance on SuDS design and implementation for road surfaces.

The Design Manual for Roads and Bridges (DMRB) (HA, 2014) includes the following guidance relevant
to SuDS:

= HD 33/06 Surface and subsurface drainage systems for highways

= HA 37/97 Hydraulic design of road edge surface water channels

= HD 45/09 Road drainage and the water environment

= HA 78/96 Design of outfalls for surface water channels

= HA 83/99 Safety aspects of road edge drainage features

= HA 80/99 Surface drainage of wide carriageways

= HA 102/00 Spacing of road gullies

= HA 103/06 Vegetated drainage systems for highway runoff

= HA 105/04 Sumpless gullies

= HA 118/06 Design of soakaways



= HA 119/06 Grassed surface water channels for highway runoff

= HA 217/08 Alternative filter media and surface stabilisation techniques for combined surface and
sub-surface drains

These documents refer to design for the strategic road network (SRN) and local highway authorities
(LHAs) should refer to published guidance if they wish to adapt this guidance for use on their networks
(UK Roads Liaison Group, 2011). The use of standard designs and specification is useful and can avoid
many pitfalls. However, it should be recognised that effective design often requires standard requirements
and specifications to be adapted to particular circumstances that apply to a site.

It is only trunk roads that are required to be designed according to the DMRB and in the Manual of
Contract Documents for Highway Works (MCHW) Specification for highway works (HA, 2005). For all
other roads, the decisions on the choice of standards and their incorporation into designs remain in the
hands of local highway authorities.

The UK Roads Liaison Group’s document has been written to assist highway authorities assessing
“departures from Highways Agency’s Standards” and designers preparing submissions. The stated aim
is that the departures process should be viewed as an opportunity to simply and effectively record the
best judgements of the professionals involved in the delivery of a road/highway scheme, rather being
overly bureaucratic.

The DMRB is frequently amended to reflect advances in design and construction practice, and therefore
the list above should not be considered exhaustive and designers should check whether updated version
have been published.

Designing streets (The Scottish Government, 2010) provides a policy statement in Scotland for street
design with an emphasis on place-making, including the use of SuDS.

Manual for streets (DfT and DCLG, 2007) provides guidance on design, planning and approval of new
residential streets and modifications to existing ones.

Manual for streets 2 (CIHT, 2010) is a companion guide to the Manual for streets and demonstrates
through guidance and case studies how the philosophies set out in Manual for streets can be extended
beyond residential streets to encompass both urban and rural situations. It is intended to fill the perceived
gap in design advice between the Manual for streets and the DMRB.
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Designing for the urban
environment

This chapter sets out how to evaluate the opportunities and challenges
associated with implementing SuDS for high density new development
and sites within existing urban areas (redevelopment sites, infill sites and
retrofit sites). Much of the guidance is also relevant for suburban sites.

It discusses how to design schemes that deliver effective surface water
management, while maximising amenity and biodiversity benefits for
urban communities, by following the SuDS design criteria set out in
Chapters 3—6.

The images and illustrations provide urban planners, architects, landscape
architects and drainage designers with examples of the different options
and opportunities available. Example SuDS solutions for different types of
urban development are presented as a set of nine ‘typologies’.

» This chapter should be read alongside Chapters 3—9 in order to understand the many
issues that influence the selection of appropriate SuDS for the urban environment.

10.1 OBJECTIVES FOR SURFACE WATER MANAGEMENT IN THE
URBAN ENVIRONMENT

10.1.1 Surface water management and urban design

Surface water management should be an integral part of urban design

Successful integration of SuDS into urban design requires:

1 early consideration of surface water as part of an integrated design process

2 a collaborative, interdisciplinary design team that brings together developers,
engineers, planners, landscape architects, architects, ecologists and the local
community.

Surface water management should be considered at the very early stages of urban
planning (Chapter 7), to help shape and enhance the overall vision for the area,
whether this is part of, for example, the redevelopment or regeneration of an existing
urban area, infill development, a new large high-density development or part of a green
infrastructure strategy. By adopting this approach, designers can make best use of the
space available, delivering cost-effective multi-functional developments.

P> See the Rathbone Market case study in Section 10.4.

Flooding and poor water quality are the main drivers for surface water management. The
high proportion of impermeable surfaces, high pollution loads in surface water runoff

and limited sewer capacity have left a legacy of problems for our urban areas. However,
there are other issues facing our urban areas that can be addressed by improving the way
that surface water is managed. For example, natural drainage systems and green space
have often been lost or severely fragmented, leaving a degraded ecological landscape.
The combined effect of large expanses of hard surfacing and less green space means
that cities are warmer than the surrounding areas (the urban heat island effect), which
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can result in uncomfortable living conditions and health problems during periods of hot weather. Areas of
planting or open water, and features that retain water can help reduce the temperature of urban surfaces
during hot summer periods. Trees can help shade buildings, reducing internal air temperatures, and green
roofs can improve a building’s thermal insulation properties.

The challenge of managing surface water effectively within the urban environment is intensifying with
climate change, continued urbanisation and urban creep. Climate change projections indicate that more
intense rainfall and higher temperatures will become more frequent in the UK. The density of development
is also increasing and, with this, competition for the use of space is exacerbated. This means that reversing
urban creep and maximising the multi-functionality of urban space is essential ( ).

The challenge for designers and planners is to create integrated urban spaces that include SuDS in
creative and innovative ways, taking into consideration their potential contribution to a range of functions,
such as flood risk management, water supply, green infrastructure, habitat provision, transport corridors,
climate proofing, community identity, recreation and tourism. In this way, SuDS can make a significant
contribution to the delivery of a wide range of local planning policies and objectives.

Good urban design should be about ‘place-making’ — all urban design projects should have a strong
focus on the people and community that will inhabit and use the space, providing opportunities for people
to interact with each other and their environment.

People have always been drawn to water in the urban environment, due to the beauty it can create in
the landscape, its calming and cooling effects and its use for recreation. The positive presence of water
within the urban environment can promote a strong sense of place, creating unique spaces that can be
enjoyed by all. Features such as reflective pools, ponds, fountains, water playscapes, planted rills etc, if
designed creatively, can help to bring an urban space to life and connect people, nature and water.

SuDS can make a significant contribution to supporting urban communities. People are more likely to
feel that they belong to the local community and take a greater pride in their neighbourhood where they
have opportunities for human interaction, such as recreational facilities and places to congregate. This
in turn can have a wide range of secondary benefits, such as encouraging businesses to move into the
neighbourhood, investment in amenity facilities and events and visitors to come and spend money. It can
even lead to crime reduction. These benefits are discussed in more detail in

Effective consideration of urban community needs and opportunities during the design stage can help
maximise benefits ( ). For example, green spaces have an important role to play in improving
the health and well-being of the urban population, as they can contribute towards the improvement of air
quality, provide shade and urban cooling, as well as help play a part in surface water and wider flood risk
management strategies for the area.

See the Bristol Harbourside case study in

Connected green infrastructure can facilitate walking and cycling routes within tranquil settings and
recreational green space. These benefits in turn provide opportunities for people to come into contact
with nature, to experience the seasons, to become more active and to live and work in a more attractive
and stimulating environment, all of which are proven to have positive effects on health and well-being.

Sites within urban areas are often confined and restricted. Planning and design constraints are often
tighter than at other sites, and land is often more valuable. Introducing SuDS can appear challenging
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when faced with competing development objectives, but SuDS can be integrated into a development
without negatively impacting upon the primary function of the urban space (Case study 10.1).

CASE Hunter Avenue, Kent
STUDY || g, m

Figure 10.1  Hunter Avenue (courtesy Kent County Council)

Working within the constraints of 50 dwellings per hectare, the development at Hunter Avenue
incorporates green space effectively, improving the aesthetics and providing opportunities for
recreation, while increasing the number of street trees on the site.

Permeable paving with below-ground attenuation is used to manage surface water runoff.
Exceedance flows are contained within the road curtilage and parking areas along the southern
boundary of the site.

Opportunities for the creation of SuDS can be found in even the smallest spaces, and a perceived lack of
space is not a justifiable reason for not using SuDS.

For example, as part of the conceptual design stage (Chapter 7) the following potential uses of the site
should be considered:

= Can green roofs be used as an alternative to standard roof construction?

= Can roof runoff be harvested in tanks for non-potable use within buildings, such as toilet flushing?

= Are there other potential non-potable uses for surface water runoff (eg landscape irrigation,
urban horticulture)?

= Can harvested rainwater be used as a resource for water features and recreational play areas?

= Can impermeable surfaces (roofs, parking, pavements etc) be replaced by pervious surfaces and/or
include permeable sub-base in which water can be stored?

= Where impermeable surfaces are necessary, can these be drained to small bioretention systems,
open water amenity features and/or tree pits?
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= Can private or public landscaped areas use or be redesigned to include tree pits, landscaping
planters, rain gardens, bioretention systems or swales to provide storage and treatment of runoff?

= Can small areas in front or back gardens or yards be designed as bioretention planters to capture
roof runoff or configured to include rainwater harvesting systems?

= Can proprietary products be used to help control flows, store water and/or provide treatment in
confined spaces?

Traditionally, the perceived usable space for SuDS has been confined to what is deemed to be public
space — from ‘fence to fence’ — which can limit the potential for SuDS implementation and a fully
integrated approach. Looking at the urban space as being from ‘door to door’ (blurring the boundaries
between public and private land) provides many more opportunities for using space efficiently.
Underutilised land often falls along the interfaces between public and private land, such as grass
verges and other small pockets of vegetation or paving. Reviewing this land and discussing potential
opportunities with landowners and the community can unlock large areas that can be used to enhance
the streetscape as a whole as well as supporting SuDS strategies. Facilitating this approach will require
effective community engagement, but there is an increasing number of cases where this has been
successfully achieved, as discussed in

Integrating SuDS within urban space can also deliver biodiversity benefits. This may be through
introducing or enhancing the green and blue space for the site, reconnecting fragmented green space in
the surrounding area and/or linking with local green infrastructure.

Examples of where SuDS can enhance green infrastructure include:
= street trees as individual specimens, lines of trees that can connect green spaces together and

groves of trees that can form habitat islands ( )

= management of existing street trees and enhancement by using SuDS to increase air and water
availability for tree roots

= maximising the plant coverage by replacing hard barriers with hedges etc

= extensive and intensive green roofs

= green walls and vertical gardens

= using SuDS components such as swales and detention basins within multi-functional landscape features

= using reinforced grass surfaces in place of hard surfaces where appropriate

= raised planters, which can provide temporary storage measures

= diversity of planting and habitat provision.
Urban SuDS should always take a form that responds to the location, character, drivers and opportunities
associated with the site. There are a number of components or component derivations likely to be more
relevant for dense urban areas. The examples given below are not exhaustive, and different components
will develop as SuDS design progresses in the future. All of these types of components are used within

the typologies presented and illustrated in . Guidance on how to design and implement the
SuDS components is provided in
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PERVIOUS SURFACES

Figure 10.2  Pervious surfaces (courtesy Interpave)
Pervious surfaces can be used in combination with aggregate sub-base and/or geocellular/modular
storage to attenuate and/or infiltrate runoff from surrounding surfaces and roofscapes. Liners can be

used where ground conditions are not suitable for infiltration. A variety of different surfacing materials are
available (Chapter 20).

KERB DRAINAGE, RILLS AND CHANNELS

V

Figure 10.3 Kerb drainage, rills and channels (courtesy ACO, lliman Young)

Kerb drainage, rills and channels can keep runoff on the surface and convey runoff along the surface to
downstream SuDS components. They can include inverted road profiles with central surface conveyance
in low traffic areas. Some proprietary kerb and channel drainage systems can trap silt and oil from runoff
and provide treatment (Chapter 14).

PLANTED CHANNELS

Figure 10.4 Planted channels (courtesy Robert Bray Associates, Graha

3

Fairhurst)
Planted channels can provide conveyance routes that treat runoff and attenuate flows. They can be in the

form of ground-level planted channels and raised planters. These can form privacy strips along interfaces
to reaffirm public/private boundaries and support urban greening.

Chapter 10: Designing for the urban environment




162

CIRIA SuDS Manual 2015

BIORETENTION SYSTEMS AND RAIN GARDENS

o 3 | 1 s |
Figure 10.5 Bioretention systems and rain gardens (courtesy lllman Young)

Planted areas and raised planters can be used as rain gardens and other types of bioretention systems,
including areas between the road and building elevations, at street intersections or traffic islands, as kerb
extensions to create parking bays or traffic calming measures (Chapter 18).

SWALES AND LINEAR WETLANDS

Sy 314 i o
Figure 10.6 Swales and linear wetlands (courtesy Essex County Council, Leicester City Council)

Swales and linear wetlands can be used alongside roads and car parks (Chapter 17).

ON-PLOT SUDS
I . %

Figure 10.7 On-plot SuDS (courtesy lllman Young, Robert Bray Associates)

There are many opportunities for small on-plot SuDS, such as downpipe reconnections to rain gardens,
planted rills and water butts.

Part C: Applying the approach
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GREEN ROOFS, GREEN WALLS AND PODIUM DECKING

Figure 10.8 Green roofs (courtesy Sky Garden, Arup)

Green roofs can be used to treat and attenuate runoff in their substrate and support root uptake of

water with appropriate planting, while also insulating buildings and reducing the urban heat island effect
(Chapter 12). Green walls can be used to attenuate roof runoff within their substrate and extensive
planting, receiving natural irrigation and supporting natural ventilation and building temperature
regulation. Podium landscapes can include geocellular storage and attenuation within pavement build-up
on roof terraces and decks.

PUBLIC SPACES
ap . -

Figure 10.9 Public spaces (courtesy lliman Young, Studio Engleback, Jeroen Musch)

Public spaces can double as shallow detention basins and flood channels, and can also provide
opportunities for ponds and wetlands (Chapters 22 and 23).

P> See the Tanner Springs Park case study in Section 10.4.

PLAY AND EDUCATION

Figure 10.10 Playful and informative elements (courtesy Planet Earth, Robert Bray Associates, Drain Markers)

SuDS can also be designed to provide opportunities for play and education, as well as communicating
their purpose and how they work.

P> See the Benthemplein Water Square case study in Section 10.4.
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Retrofitting SuDS is a vital part of the overall strategy for making towns and cities more resilient to

future climate change and urbanisation, considering new development only comprises around 1% of
land use change within urban areas each year (Adaptation Sub-Committee, 2012). While SuDS for new
developments (and redevelopments) can prevent any increase in flood risk from surface water caused by
the development, retrofit SuDS can reduce the existing risk.

Retrofitting SuDS into urban spaces is possible in many places. Detailed guidance on the opportunities
for SuDS retrofit and the implementation mechanisms are set out in detail in Digman ef al (2012).

The extent and type of SuDS components that can be used for a retrofit site will be influenced by the
specific characteristics of the site. The extent to which a retrofit SuDS scheme can deliver the SuDS
design criteria ( ) will depend on the context of the development, land use and the specific
retrofit drivers, which will be set by the stakeholders involved in funding and planning the retrofit scheme.

Retrofitting SuDS into urban streets as a standalone project may not always appear to be cost-beneficial.
It is often easier and more cost-effective if it is done as part of other works to improve an area, such as
constructing traffic calming measures or highway maintenance improvements. Courtyards or other green
spaces are ideal for retrofitting SuDS as part of general improvement works. The same is also true for
retrofitting to buildings; it is likely to be most cost-efficient to retrofit SuDS to buildings as part of a wider
programme of repairs, renovation, upgrading or extension.

See the Derbyshire Street case study in

Increasing economic and development pressures means that land in towns and cities is enormously
valuable. In some scenarios (particularly where retrofitting SuDS is being considered) the land
required for SuDS should be evaluated strategically through collaboration and partnership working with
stakeholders, so that potential benefits beyond site drainage and opportunities associated with joint
funding initiatives are identified.

Where retrofitting SuDS, there is also the need to optimise the multi-functionality of existing infrastructure.
For example:

= Can existing gullies be used as exceedance/overflow routes for SuDS by adjusting levels of the
gulley grating?

= Can bioretention systems or rain gardens be located upstream of existing gullies ( )?

= Can existing kerbs/edges be removed or altered?

= Can surface rills and channels be incorporated to replace below-ground drainage?

= Can green roofs be fitted to existing roof structures?

= Can downpipes be disconnected and redirected into plot level rain gardens?
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Figure 10.11 Example of a bioretention system upstream of an existing gully (after lllman Young/EPG Limited)

10.1.5 Community engagement

Community engagement plays an important role in successful urban design

Community engagement can be critically important in the design of SuDS in urban areas, as neighbours
or existing residents often have a major say in development planning.

Community engagement is essential for the success of any proposed SuDS retrofit scheme, not only
to obtain acceptance, but also to identify opportunities for maximising benefits and in the long-term
to promote community ownership of the SuDS. SuDS schemes that have tangible benefits for the
community may be actively encouraged by residents, if they are well-informed. Working with local
environmental and other community groups can help to support, maintain and develop the SuDS and
surrounding area.

P> See the Augustenborg case study in Section 10.4.

Methods for increasing public awareness and encouraging engagement are discussed further in Chapter 34.

10.2 DELIVERING THE SUDS DESIGN CRITERIA WITHIN URBAN AREAS

SuDS can be used successfully in urban areas by following the design criteria described in Chapters 3-6
and summarised in Table 10.1. Supplementary guidance on the specific opportunities and challenges
associated with designing and implementing SuDS in urban areas is presented in the Sections 10.2.1

to 10.2.10. Reference should be made to Chapters 3-6 for further information, and where guidance is
sufficient in those chapters for individual design criteria, this is not repeated here.

Many of the design criteria are interrelated, and the total value that can be achieved for a development will
be greatest when they are considered collectively as part of an integrated urban design solution. Integrated
urban design requires the use of different SuDS components for different land uses and for different
development scenarios. It requires a collaborative or multi-disciplinary design process that brings together
engineers, planners, architects, landscape architects, developers and the local community.
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Design criteria Section

Water quantity | 1 jse syrface water runoff as a resource 10.2.1

2 Support the management of flood risk in the receiving catchment

10.2.2
3 Protect morphology and ecology in receiving surface waters
4 Preserve and protect natural hydrological systems on the site 10.2.3
5 Drain the site effectively

10.2.4

6 Manage on-site flood risk

7 Design system flexibility/adaptability to cope with future change | Chapter 3

Water quality 1 Support the management of water quality in the receiving

surface waters and groundwaters 1025
2 Design system resilience to cope with future change Chapter 4
Amenity 1 Maximise multi-functionality 10.2.6
2 Enhance visual character 10.2.7
3 Deliver safe surface water management systems 10.2.8
4 Support development resilience/adaptability to future change 10.2.9
5 Maximise legibility Chapter 5
6 Support community environmental learning 10.2.10
Biodiversity 1 Support and protect natural local habitats and species
2 Contribute to the delivery of local biodiversity objectives
Chapter 6

3 Contribute to habitat connectivity

4 Create diverse, self-sustaining and resilient ecosystems

SuDS provide a unique opportunity to exploit surface water runoff as a resource in urban areas, rather
than regarding it as a nuisance and a waste product that should be removed as quickly as possible.

In a dense urban environment, climate change scenarios may mean that periods of water scarcity
and associated controls on its use become more common, and the cost of water may rise. By taking
opportunities to capture and store runoff (particularly from roofs), a supply of non-potable water can be
secured and used either internally for the property (eg toilet flushing) or externally, such as landscape
irrigation, urban food growing or as an educational resource for children’s play areas ( )-
Guidance on the design of rainwater harvesting systems for surface water management is provided in

. Rainwater storage tanks can be included on roof space (blue roofs), within roof space, above
ground within property curtilage, or below car parking areas.

Surface water runoff is also a valuable resource for the environment: a regular flow of water (if suitably
treated) can help to sustain habitats that may otherwise be lost within the urban environment and can
provide crucial ecological connectivity between other water bodies nearby ( ).
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Figure 10.12 Communal space using runoff as a resource

10.2.2 Water quantity criteria 2 and 3: Support the management of flood risk in the receiving
catchment and protect morphology and ecology in receiving water bodies

a) Prioritise where surface water runoff is discharged

The destination for surface water runoff that is not collected for use should be prioritised as described in
Section 3.2.3 (part 1).

Discharge to existing surface water and combined sewers will sometimes be the only feasible options
in existing urban areas. Locating and characterising existing sewerage systems is an important task
to undertake early during the feasibility stages, together with consultation with the relevant sewerage
undertaker to scope potential opportunities and constraints.

b) Control the volume of runoff discharged from the site

Opportunities for infiltration within existing urban areas are often limited. This means that rainwater
harvesting and the use of evapotranspiration from temporary soil moisture (eg green roofs, tree pits,
bioretention and other vegetated systems) and gravel media storage zones (eg pervious pavements)

are important design tools for delivering Interception (ie volume control for frequent events). Where
opportunities for infiltration and rainwater harvesting are limited and cannot reduce runoff volumes
sufficiently for extreme events, then storage should be provided so that discharge rates can be controlled to
a level that will not adversely affect flood risk (Section 3.3.1).

c) Control peak runoff rates from the site

Usually, the most efficient way of designing storage and flow control systems in urban environments is to
store and control runoff in small distributed sub-catchments. All available opportunities to provide small-
scale surface water storage features should be considered, and the system can then be designed to
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Figure 10.13 Rain garden with weirs to control flows on sloping site in Ashford, Kent (courtesy EPG Limited)

provide the rest of the storage below ground. Combinations of rainwater harvesting systems, bioretention/
rain gardens, pervious surfaces, green/blue roofs, hardscape storage, microwetlands and trees can
usually provide more than sufficient storage volume.

Using small-scale storage features requires the control of relatively low flows. The most effective way
of doing this is to keep the head of water in the system low (ie the height of water above the orifice
level) so that the orifice opening can be as large as possible. Orifice diameters as small as 15 mm can
be acceptable provided that the opening is well protected from material that could potentially cause

a blockage (eg by placing the orifice downstream of pervious surfaces or a suitable, cleanable filter).
Guidance is provided in Chapter 28. Surface weirs can also be used to control flows from surface
features or along sloping conveyance systems as shown in Figure 10.13.

10.2.3 Water quantity criterion 4: Preserve and protect hydrological systems

Natural hydrological systems in existing urban environments will often have been damaged, culverted,
polluted or otherwise degraded. Redevelopment or infill development in urban areas can provide
opportunities to rehabilitate, protect and enhance these systems. Where the surface water management
system for the site can make a positive contribution to natural hydrological systems, this should be an
important design consideration.

Where practicable, consideration should be given to whether watercourses flowing through culverts within
urban areas can be returned to open channels with all the concomitant water quantity, water quality,
amenity and biodiversity benefits associated with surface systems. Runoff from the pre-development

site may have been of poor quality, but sediment and pollutant loadings can be significantly reduced by
treating the runoff using SuDS. Hydraulic control of the runoff will also help reduce erosion, morphological
damage and local flooding. Where existing hydrological features provide valuable local planting, habitats
and biodiversity, these should be preserved and enhanced by the SuDS wherever possible.

Existing urban areas may have highly compacted soils that are effectively impermeable to water. Where
possible and appropriate, opportunities should be taken to rehabilitate surface soils to promote infiltration.

Part C: Applying the approach
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10.2.4 Water quantity criteria 5 and 6: Drain the site effectively and manage on-site flood risk

Exceedance flows (ie flows in excess of those for which the system is designed) should be managed
safely in above-ground space such that risks to people and property are acceptable. Definitions of
acceptable risk should be sought from the local planning authority. Where space is limited, this often
means directing excess flows into roads. Safe storage zones and conveyance channels for extreme
events can be included as part of road or car park designs using raised kerbing or speed bumps as
containment features. Civic spaces, such as pocket parks, squares and plazas, can also be designed to
function as exceedance storage zones (Figure 10.14).

Surface channel to
collect runoff and direct.
into attenuation zone

Surface channel to wis"
collect runoff and direct =
into attenuation zone .

Slow release
geocellular attenuation

Figure 10.14 Multi-functional civic space

SuDS and exceedance flow management can form key design elements of linked blue and green
corridors as well as squares and public open areas. In Rotterdam, for example, retrofit public plazas are
used as excess runoff storage areas several times a year and as recreational areas at other times, as
illustrated in Figure 10.15. Some of these include green space, whereas others are paved to provide
sports facilities.

P> See the Benthemplein Water Square case study in Section 10.4.
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(a) during recreational use (courtesy Jeroen Musch) (b) storing excess surface water runoff (courtesy De
Urbanisten)

Figure 10.15 Benthemplein Water Square, Rotterdam

Where SuDS discharge into a sewer (Section 10.2.2), the effect of water levels in the downstream sewer
on the operation of the SuDS should be considered. On many sites extra storage is required to reduce
the risk of site flooding when the downstream sewerage system is full and does not have sufficient
capacity to drain the site. Flap valves may also be required to prevent water from the sewer backing up
and flooding the site.

10.2.5 Water quality criterion 1: Support the management of water quality in receiving
surface waters and groundwaters

Runoff from roof surfaces within urban areas and runoff from pedestrian areas will require limited
treatment. Any surface that has vehicular use, however, will need to demonstrate that the proposed
treatment system is suitable to minimise risks to the receiving environment.

Treatment is normally achievable using soil or gravel filtration media systems (eg pervious pavement,

tree pits, bioretention systems) or through the use of planted conveyance and storage zones (eg swales,
wetlands/ponds). Where, due to space constraints, the surface water management system has to remain
largely beneath the surface, then proprietary treatment products may prove to be the most viable option.

P> Guidance on the design of SuDS for treatment is provided in Chapter 26.

10.2.6 Amenity criterion 1: Maximise multi-functionality

Section 10.1.3 discusses how designers should seek out every available space for SuDS. Designers
should also consider how that space can perform multiple functions. In urban areas, where the density
and impermeability of the development is high, this becomes particularly important and is best achieved
through collaboration (Section 10.1.1).

SuDS should be integrated into urban areas to ensure that competing requirements are managed, and
the urban landscape is ‘hard-working’, that is it performs multiple tasks and provides multiple benefits
from even the smallest land-take. SuDS in urban areas should be considered alongside provision of
green infrastructure, delivery of biodiversity objectives and the creation of community amenities to
support urban lifestyle and function, where necessary finding a balance between competing needs.

Rain gardens/bioretention areas are an excellent example of how SuDS components can be integrated
into a streetscape with limited impact on the primary purpose of an urban space. They can be integrated
into a wide range of street features, such as on-street parking, pedestrian crossing points, spaces for
cycle storage, cycle hire stations and seating areas. They can also be used to assist traffic calming
measures, including gateways and build-outs.

P> Guidance on the design of rain gardens is provided in Chapter 18.

Part C: Applying the approach
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Pervious pavement is another important example of where hard surfacing for pedestrian, recreation or
vehicular use can be used for surface water management with limited impact on the primary purpose of
an urban space.

P> Guidance on the design of permeable paving is provided in Chapter 20.
P See Typology 2: medium residential infill in Section 10.3.

In particularly dense developments, where green space is minimal or may be completely absent, every
hard surface becomes a rainwater collector and every construction profile should be considered in terms
of its contribution to and potential for management of surface water runoff. Hard surfaces associated with
parking, footways and podiums can attenuate runoff, communal areas can accommodate rain event water
features and green roofs can be integrated to slow the runoff rates (Figure 10.17 in Section 10.3). For
further information.

P See Typology 3: mixed use and Typology 6: elevated spaces.

Roof runoff collects
in watar butt and

Tree planting to
intercept flow and overflows Into
contribute to local adjacent rain garden
character

Bioretention area
receives water
from road
cariageway and

adjacent parking

Multifunctional zone

Pervious parking bays
over lined sub-base

Figure 10.16 Multi-functional streetscape

10.2.7 Amenity criterion 2: Enhance visual character

SuDS design can play a significant role in enhancing the visual character of the urban environment, which
in turn contributes to multiple amenity benefits, as discussed in Chapter 5.

Within high-density urban environments, the quality of the detailing is very important as part of the overall
visual character for the site. These locations tend to have high footfall, so the detailing can have an
impact on a large number of people (both residents and visitors) and it is often seen close up. There can
also be constraints on ensuring that the design fits in with existing built form and planning expectations.
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Figure 10.17 Multi-functional use of elevated spaces

It is important that SuDS design is sensitive to the
historic environment. This involves considering the
existing character and materials to ensure that the
proposals retain and enhance the historic setting.
It also requires high-quality (and often subtle)
detailing and finishes.

In some cases, SuDS already form part of the
heritage of the area, such as the roadside rills in
Cambridge (Figure 10.18).

Examples of opportunities for SuDS implementation
in historic environments include:

= the use of permeable paving to enhance public
open space while controlling and treating runoff

= the incorporation of green roofs onto
modern extensions to historic buildings
or in new developments or extensions in
conservation areas

= the implementation of sensitively designed
water butts and/or rainwater harvesting
systems adjacent to or within historic buildings

= the use of surface rills that reflect the

existing historic character within historic Figure 10.18 Roadside rills, Cambridge (courtesy
hardscape areas. Cambridgeshire County Council)
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The use of landscape features for storing surface water runoff will require consideration of the impact on
any trees in the vicinity and on any other landscape features of historic importance. Where infiltration is
proposed, this also needs to ensure that it does not undermine historic buildings or archaeology.

The designation of a conservation area does not mean that new development is prohibited, but it does
mean that any new development should make a positive contribution to the conservation area. Therefore,
good design and detailing, with due regard to the use of materials, existing green (and blue) spaces, sight
lines etc should meet the conservation area requirements.

Under the permitted development order, a council can make Article 4 (1 and 2) directions that withdraw
‘permitted development’ rights, which can affect existing features such as fence lines and trees. In
sensitive locations it is, therefore, advisable to consult the development control section of the LPA to
ascertain whether the work is permitted development and for advice on appropriate materials and design.

For listed buildings any external changes or additions required by SuDS need to be permitted by the local
planning department, who may consult the relevant statutory authority (English Heritage, Cadw, Historic
Scotland or NIEA). For grade 1 listing, any internal changes or additions will also need listed building
consent. As with conservation areas, any proposal should retain and enhance the reason for listing,
which means that consideration of materials and composition is important.

The function and access requirements of the urban space should also be considered when designing SuDS
schemes. The risks to health and safety associated with the SuDS scheme should be assessed during the
early stages of the project and continually reviewed and reduced during the course of the project.

Considerations for safety when designing urban SuDS include the following:

= Edge conditions and fall protection need to be considered at an early stage to prevent later additions of
barriers, which may clutter the landscape and prove detrimental to the overall character of the area.

= When designing SuDS with open water, the location, water depth and edge detail should be
considered to protect the safety of users and workers. This does not discount their inclusion, but
highlights the need to design out risk and to consult relevant groups to ensure that the end product is
fit for purpose.

= In tight urban spaces, shallow gradients may not be achievable and/or capacity requirements may
call for steeper gradients. In such cases, reinforced steeper gradients and hard edges may provide
a solution. If so, the edge detail needs to be considered to promote the safety of users and workers
— to prevent falls. Detailed paving, wide edge details with contrasting colours and planting can all
promote a safe barrier-free landscape. For ground level features that are close to houses, schools
or along busy pedestrian areas it may be best to use features that are normally dry with subsurface
flow. In extreme events the water could be allowed to rise and gradually drain away.

= Runoff entering permanent water features should be treated by at least one treatment stage before
discharge into the feature to minimise health risks ( ).

= Planting within any SuDS component needs to retain sightlines and avoid hidden or heavily shaded
spaces, such as raising tree canopies to ensure that people can walk beneath them and see through
them. The maintenance of sightlines is vital to ensure that vehicles can be manoeuvred safely and
that all signage is visible. This also provides a degree of natural observation within the public realm
and allows individuals to assess their personal security (see below).

= Opportunities for crime reduction should be identified by adopting the ‘secure by design’ approach,
achieved by crime prevention through environmental design (CPTED).

= The location and/or load-bearing capacity of SuDS components should be reviewed to ensure that other
features, such as building facades, can be maintained and accessed safely.

Reference should be made to the health and safety checklist provided in



Urban spaces are always changing, as they adapt to the community they serve, advancements in
technology and the unavoidable deterioration of physical features. For instance, street furniture and
lamps may need replacing within a decade; hard surfaces often need repairing or replacing due to

wear every other decade, or reinstating after below-ground works; there can be shifts in the needs for
public and private transport; and there may even be changes in surface water runoff characteristics due
to climate change or increased development within the SuDS catchment area. This means that there
may be a need to upgrade as well as maintain the functionality of the SuDS scheme, while also being
mindful of the evolving design and function of the urban space. These changes or upgrades may provide
additional or new opportunities for SubDS.

In order to prevent inappropriate interventions or loss of key SuDS components within a scheme,

it is important that stakeholders understand the roles of different components, particularly if there

are components on their land. Therefore, consideration should be given to finding ways to embed
knowledge within the community and to ensure that this knowledge is retained over the long term.
Providing signage and making the scheme legible (see ) will
contribute to this. Listing the components on an asset register can also be beneficial, and is mandatory
for some developments.

It is important to take account of repair and replacement needs of SuDS components, recognising that
different elements of a SuDS component can have different durability levels. Where SuDS components
(or elements of a SuDS component) have a shorter design life than the SuDS scheme as a whole, the
design should take into consideration how they will be replaced to retain the functionality of the scheme
( ). Planters, rills, channels and kerb stones can be designed as simple units to enable
repositioning, alterations, adaptations and improvements over time.

Retrofitted SuDS should ensure that street surfaces retain good access to all underground services.
Wherever possible, services should be located in specific service corridors that are surfaced with normal
construction. Some services may end up below the pervious surface, and the backfill to the trench should
be specified so that it cannot be washed out by infiltrating water. Consideration also needs to be given to
reinstatement requirements for statutory undertakers.

The opportunities for deriving benefits from SuDS relating to environmental learning will often be greater
in urban settings. A green or blue biodiverse feature (either in a streetscape, public area or on an
accessible roof) is likely to be unusual and therefore of particular interest and value for local community
environment groups, schools and visitors/tourists ( )-

A set of typologies has been developed to represent a range of urban conditions and to demonstrate

the opportunities for integrating SuDS into their design. These typologies are not intended to be
comprehensive; they are solely illustrative. The illustrations for each typology should not be followed rigidly.
The illustrations are simplified representations of abstracted urban conditions aimed at showing how

an integrated design might be achieved. The connections between SuDS components are indicated in a
simplified form, as fully designed connections would be too complicated to show on these schematics. For
each typology there will be a range of other potential surface water management solutions.

These ideas should be developed, enhanced and moulded to individual sites and budgets, so that they
work with the specific opportunities and constraints of the site and fit in with the local character, while
delivering as many benefits as possible.

Each typology includes a range of SuDS components that can be delivered individually or in combination.
Not all real-life schemes will be able to include all of the SuDS components shown for that particular
typology. Equally SuDS components that are not shown are not discounted from any particular typology.
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The preferred SuDS scheme for any site (whether it is one of the typologies presented here or not) will
depend on strategic objectives for surface water management and the characteristics of the site and
proposed development.

P> Guidance on the SuDS design process is provided in Chapter 7.

P> For guidance on how to design individual SuDS components see Chapters 11-23.
All the typologies are designed to apply primarily to new infill developments within existing urban
conurbations. However, the majority of SuDS components shown could equally be retrofit to existing
urban development.

The site for each typology is assumed to have the following characteristics:

= not suitable for infiltration

= free from contamination

These characteristics are not necessarily representative of all sites within existing urban areas.

Typology 3 - Mived use Typology 4 - Destination
public realm

Typology & - Elevated _
spaces __AF

E

Typology 2 - Medium
residential infill

Typology 1 - Small
residential infill

Typalogy 5 - Transitional
public realm

Typology 8 - Civic street

Typology 7 - Meighbourhood street

Figure 10.19 Typologies within the urban landscape

Figure 10.19 illustrates how these different typologies can coexist within the urban landscape.
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Summaries of the typologies are provided here.

Low-density housing of detached and semi-detached dwellings. Typically this type of housing is located
on sites with moderate space availability, which allow front and rear gardens, on-street public parking and
off-street private parking, along with clear boundaries between public and private land. It is also assumed
that these are relatively high value properties, based on the land-take within an urban setting.

Medium-density housing development of apartments and maisonette style dwellings, typically low rise
over two to three floors. The development is assumed to have combined utilities and services along with
community gardens and limited on-street parking.

Mixed-use development within moderate to high-density inner city location. Assumed to have retail and/
or commercial space at lower levels beneath upper level residential apartments and private residential
amenities deck/garden. Assumed to have public realm interfaces, surface and basement parking
provision and associated servicing and access requirements.

An inner city space that provides a community focus, event areas and social function. These spaces can
be hard paved squares and plazas or softer spaces associated with urban greening. Either way they are
required to be flexible to accommodate the urban social calendar and variable numbers of people.

An inner city space that is dominated by access requirements and confined by the existing built form.
The design and SuDS opportunities of these spaces can often be challenging. Therefore this typology
aims to provide ideas and insights to enable efficient and effective integration of SuDS in even the
smallest urban spaces.

This typology explores design of urban SuDS above ground level, from green walls and green roofs to
amenity podium decks associated with residential and mixed-use developments.

Inner city streets that act as a local road or main road into residential areas, often with restricted space
availability within existing built form and infrastructure. Residential neighbourhoods require a streetscape
that may require parking provision, public transport links, ease of access into dwellings, servicing and
trash collection, clear land ownership between public/private, along with adequate setbacks for privacy
and regulation.

Inner city streets that have a community function and focus within a commercial setting. These streets
often have changing characters, one day a retail street and the next market stalls and pop-up cafes. This
typology demonstrates how SuDS can be integrated into these flexible civic spaces.

Inner city green corridors and disused historic infrastructure routes that become key pedestrian and cycle
routes, connecting the city away from built-up areas, traffic and crowds. These spaces provide valuable
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social and biodiverse landscapes as well as connective green infrastructure, while forming an important
part of the urban SuDS strategy.

The following key should be used for all figures provided for the typologies:

e—

Flow of water on surface

“&———  Flowof water below pervious surface

-------- > Diagrammatic connection to indicate function

Infiltration or flow through ground to below ground drainage

Potential lncation for pervious paving. lined if ground conditions do not allow inflitration
Crate system for storage/attenuation

Rainwater harvesting storage

Irrigation point

Surface water runoff attenuation tank

Hard surfaces

Planted surfaces

(B Combined service
LIETET Boundary between land ownership

---------- Indication of extent of exceedance event

Chapter 10: Designing for the urban environment 177




Small residential infill should take advantage of the space allocated to each plot, providing SuDS
components that would often not be feasible in denser residential developments. All SuDS design should
also aim to enhance and promote local character to optimise land value and neighbourhood desirability.

Whether retrofit or new build, each plot should ideally be able to attenuate and treat its own runoff with
on-plot SuDS components. However, with impermeable conditions and confined sites this may not be
feasible, but runoff rates can still be reduced.

For new build, it should also be a design ethos to combine components as part of a neighbourhood-wide
strategy. This approach should take into consideration the shared spaces and streetscape to enable
greater consideration of scale, which helps with managing exceedance events and provides informal
community spaces. The local highway authority would need to be consulted in these scenarios.

Integrating SuDS components such as bioretention systems with strategic tree planting and underdrained

swales can aid the creation of leafy green streets, which in turn can support higher land/property

values. To achieve this, the width of streetscape needs to be considered at the early design stages (see
for further information).

With a neighbourhood-wide approach, the ownership and maintenance of SuDS need consideration, as
some components may cross over plot boundaries and highway boundaries.

= Rainwater harvesting systems overflow into on-plot rain gardens.

= Green roofs over the garage overflow into driveway attenuation.

= Shared driveways and patios are drained using lined pervious pavements with sub-base storage.

= Rain gardens and sub-base storage slowly drain into underdrained swales and bioretention areas in highways.

= The public footpath is drained into an underdrained swale which may also collect outflow from the
on-plot SuDS components.

= The public highway is drained with a single drainage profile into a bioretention area that incorporates
tree planting. The bioretention area integrates pervious on-street parking and access into driveways.

= The underdrained swale and the bioretention area convey water into a local detention basin if space
is available.

= The green roofs, rain gardens, underdrained swale and the bioretention area all play an important
role in treating surface water runoff.

= The underdrained swale and on-plot rain gardens provide a privacy strip along the property frontages.

= Biodiversity is supported by the on-plot green roofs and rain gardens, along with the public highway
swales and bioretention areas with tree planting.

= Visual quality of the streetscape is enhanced with the provision of leafy green streets.
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Figure 10.20 Typology 1 — Small residential infill
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Residential infill projects should deliver multiple benefits from good urban design and SuDS. This will
embed SuDS components and support a range of amenities and services required by the community.
SuDS in compact new-build residential areas should therefore give consideration to access, service
routes, utilities, green infrastructure, biodiversity and community facilities such as outdoor dining areas,
seating provision and productive zones.

Measures can be small and simple with minimal investment, such as rain gardens, or more complex with
greater investment, such as below-ground storage tanks. Even the simplest surface water management
techniques are beneficial, but systems with greater diversity are inherently more adaptable to the
changing urban climate. The ambition should therefore be to provide a range of SuDS components within
a site-wide surface water management system.

= Rainwater harvesting (integrated into roof level), green roofs and terraces attenuate roof runoff and
overflow into below-ground storage tanks within communal areas.

= Hard surfaces are drained using pervious pavements with sub-base storage, which discharge into
adjacent bioretention systems and trench planters.

= Bioretention systems and trench planters convey, attenuate and treat surface water, slowly
discharging into a local detention basin if space is available.

= The vehicle carriageway is drained with an inverted drainage profile with surface catchment channels
that discharge into a local detention basin (if space is available) or the local drainage system.

= The green roofs, planted trenches and bioretention systems all play an important role in treating
surface water runoff.

= Stored water can be recirculated to tap points within the communal garden and within private
courtyards and terraces for landscape maintenance and irrigation.

= The planted trenches provide a privacy strip along the property frontages to reaffirm personal
boundaries and support urban greening.

= A communal garden provides outdoor recreation and gathering space.
= The private roof terraces and courtyards provide outdoor recreation and gathering spaces.
= Biodiversity is supported by the green roofs and communal gardens.

= Local amenities are enhanced with the provision of communal gardens.



CIRIA SuDS Manual 2015

& Green roof

-~
Roof level attenuation overflow
Into below ground storage tank

888

SECTION A Communal garden Trench Geocellular storage within Raised planter receiving
planter surface build-up of podium, roof runoff — temporary
slow release outlet to below storage within base and

ground storage tank slow release outlet

Roof level attenuation cverflow
_ into below ground storage tank

-

SECTION B Communal garden Private internal courtyard Internal parking Inverted profile —
street with
surface rill

Extent of RH below ground

e . o . o . o .o o

i

Figure 10.21 Typology 2 — Medium residential infill
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Mixed-use developments should take advantage of their scale and extent, providing SuDS components
that would often not be feasible in smaller single use developments. Therefore, the approach to SuDS
within mixed use development should start at a strategic level with site-wide consideration of economies
of scale.

The public boundary condition of a mixed use development is a key contributor to character and
community engagement. Considering the SuDS as part of this condition will utilise the space efficiently
while enhancing urban greening and streetscape quality.

Site services can be a dominant influence on layout and design. Requirements such as vehicle and
pedestrian movement, building access, servicing, maintenance, utility routes, parking capacity, street
furniture, green infrastructure and drainage all need to be established during the early design stages to
ensure that the proposed scheme avoids conflicts with SuDS.

Mixed-use developments often require parking provision, and this space can almost always be utilised for
SuDS. The layout and levels should be designed to maximise the potential for site-wide water management.

Amenity podium decks associated with residential and office developments provide an opportunity to
store water and attenuate flow, while enhancing character and improve amenity provision. For further
details refer to

With a site-wide approach the ownership and maintenance of SuDS needs consideration, as some SuDS
components may cross boundaries.

= Green roofs treat and attenuate runoff in their substrate and support root uptake with extensive
planting. Geocellular storage layers can maximise the attenuation provided.

= Rainwater harvesting (integrated into roof/basement level) supports the buildings’ non-potable water
requirements (including residential, office and commercial).

= Green roofs overflow into the car park attenuation.

= Private terraces and communal amenity deck use pervious surfaces over geocellular storage
layers (hard and soft) to attenuate roof runoff and overflow into parking area sub-base storage and
boundary bioretention/detention areas.

= Car park is drained using pervious pavements with sub-base storage, which discharge into adjacent
bioretention/detention areas.

= Exceedance event capacity is provided within the car park using high kerbs and level changes to
temporarily retain water.

= Pedestrian circulation spaces are drained using pervious pavements with sub-base storage, which
discharge into adjacent bioretention systems.

= Bioretention systems convey, attenuate and treat surface water, slowly discharging into a boundary
detention basin, if space is available.
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= The public highway is drained with a single drainage profile into a bioretention system that incorporates
tree planting. The bioretention system integrates pervious on-street parking and access into drop-off.

Multiple benefits
= The bioretention systems located on the streets and car park can aid the definition of plot boundaries.

= The amenity deck associated with the residential development provides communal gardens.

= Biodiversity is supported by on-plot green roofs and planted terraces, car park bioretention systems
and boundary detention areas, public highway tree planting and bioretention systems.

= Local character is enhanced with the provision of leafy green streets.
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Figure 10.22 Typology 3 — Mixed use
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Inner city pocket parks, squares and plazas create openings in the urban form that provide rare
opportunities to collect and treat the surface water runoff from a wider area. To use the space efficiently,
the design should aim to accommodate the social and functional needs of a community alongside the
needs of SuDS.

Before the design process can begin, a high-level review of the location’s SuDS performance
requirements (ie attenuation, storage, and treatment) is needed, as this will inform the design process.

Incorporating large-scale SuDS components into the public realm takes planning and consultation; it is
important that the design process recognises the purpose of the new park/plaza, so that SuDS components
do not conflict with that purpose, are integrated efficiently and are accepted by the local community.

SuDS components need to work with the functional requirements of the public realm, including: vehicle
and pedestrian movement, building access, servicing, maintenance, utility routes, street parking, street
furniture, green infrastructure and drainage.

= During frequent rain events the surface water is collected and stored below the park’s surface,
slowly releasing into the existing local drainage system.

= During exceedance events the park provides a temporary storage area, which enables the surface
water runoff to be gradually released into the local drainage system. The change in level that defines
the area could be used to provide seating or a performance arena. An overflow that discharges to
the local drainage system should be provided to set the maximum exceedance water level.

= The hard surfaces surrounding the central green space are drained using pervious pavements with
sub-base storage, which discharge into the below-ground attenuation of the park.

= Adjacent roof catchments can be drained into the central space via the pervious pavements and
combined tree trenches placed along the conveyance route to provide natural irrigation.

= The park provides a public green space with a distinct and dynamic character.

= The park can support local community events, promote a local identity and aid wayfinding through
the creation of a landmark.

= The educational value can be maximised to inform users of the park’s SuDS function, which they
can witness themselves during exceedance events.

= Biodiversity is supported by the park’s planting strategy, which could include a range of flora to suit
the variable planting conditions.

= Accessibility is retained by incorporating combined tree trenches below hard surfaces.
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Within these transitional urban spaces, SuDS should be seen as a sequence of simple components that
combine to form a site-wide strategy. Therefore, implementing what may seem a small gesture adds to
the bigger picture to meet the attenuation and reduced runoff rate targets.

Confined inner city spaces between buildings or major infrastructure often require complex access

and circulation patterns. This inevitably results in extensive areas of hard surfaces that may also be
heavily trafficked, which can limit the feasibility of some SuDS components. Pervious pavements and
underground storage/attenuation are usually the most applicable methods in these scenarios, allowing
people to move freely through a space with wall-to-wall hard surfaces. The below-ground attenuation can
be just below the surface within the pavement build-up or deeper within large tanks and combined with
tree pits/trenches. All systems can receive runoff from surfaces and adjacent roofscapes.

Opportunities to animate the public realm with SuDS components should be embraced, as this increases
awareness and supports localised character. Animation can take many forms, including surface water
features, sound sculptures linked to underground tanks, digital displays that show water movement and
quantity, and other information sources about what is happening below ground.

= The hard surfaces are drained using lined pervious pavements with sub-base storage, which discharge
into the local drainage system or SuDS components further down the site-wide Management Train.

= During heavier frequent rain events the surface water is also collected via inverted drainage profiles
leading to surface channels, which discharge into a defined zone to create a rain event water
feature. This water feature slowly drains into the below-ground attenuation.

= During exceedance events, sunken features, such as seating areas, can provide a temporary
storage area, which enables the surface water runoff to be gradually released into the local drainage
system. An overflow that discharges to the local drainage system should be provided to set the
maximum exceedance water level.

= Adjacent roof catchments can be drained into the space via the pervious pavements.

= Combined tree trenches placed along the conveyance route provide natural irrigation for the trees
and attenuate runoff rates.

= Trees provide evapotranspiration, urban greening, shade and shelter, wildlife habitat and seasonality.
= The rain event water features provide a distinct and dynamic character.
= The space can promote a local identity and aid wayfinding through the creation of a landmark.

= The educational value can be maximised to inform users of the space’s SuDS function, which they
can witness themselves during regular rainfall events and exceedance events.

= Accessibility and the urban character is retained by incorporating combined tree trenches below
hard surfaces.
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Within high density urban developments elevated landscapes are key factors for the provision of private/
semi-private outdoor spaces and urban greening. All urban projects should aim to use integrated SuDS
components to provide opportunities to enhance character and amenity provision.

Intensive and extensive green roofs can help reduce (and for frequent events often eliminate) the volume
of runoff from the roof surface and, with suitable design, help slow runoff rates. Attenuation and treatment
can then be delivered by incorporating further SuDS components into deck structures and planters.

SuDS within elevated landscapes have a series of considerations to ensure their functionality:

= The waterproofing of any substructure needs to be considered and co-ordinated.
= Potential loading of water, soil and the live load of plants needs to be calculated in all structural design.
= Future maintenance and management needs to be considered during the early design stages.

= Roof-level mechanical and electrical plant and penetrations can be combined with attenuation
and storage components, but the extent of plant and penetrations needs to be reviewed to ensure
efficiency of scale. Roof-level attenuation tends to remove the need for multiple deck penetrations
and underslung pipework below podium decks.

= Biodiversity viability and value should be as important for elevated spaces as elsewhere, and
needs to be considered when selecting plant species, optimising the habitat potential for the local
flora and fauna.

= Green roofs reduce runoff by storing water in their substrate and supporting root uptake and
evapotranspiration with extensive planting. Geocellular storage or other drainage layers can
maximise the attenuation provided.

= Green walls can also help reduce runoff volumes. However, consideration should always be given to
the potential need for a supplementary supply of water other than from rainwater harvesting, which
may mean they are not economic or environmentally acceptable solutions.

= Ledge planters can act as treatment biotopes, conveying rainwater from the roof to lower levels
through granular fill and plant root zones.

= Roof terraces can be drained using pervious surfaces over geocellular storage, which discharge into
downstream SuDS components.

= Podium decks can provide a large area of attenuation by using pervious surfaces (hard and soft)
over geocellular storage, which discharge into downstream SuDS components.

= During heavier frequent rain events, runoff can be directed into rain event water features.

= Green roofs and green walls can help insulate buildings and reduce the urban heat island effect.

= Natural irrigation of green walls, can be supplemented with stored rainwater (from rainwater
harvesting) in times of drought.

= Trees provide evapotranspiration, urban greening, shade and shelter, wildlife habitat and seasonality.
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= The rain event water features provide a distinct and dynamic character, animating the space and
increasing awareness of water.

= The educational value can be maximised to inform users of the space’s SuDS function, which they
can witness themselves during regular rainfall events.

= Irrigation supplies can be provided from rainwater harvesting tanks located at roof/podium level.

Green roof Green wall

Ralsed planter

Rain event water feature

Storage
Pervious surface
Geocellular storage {hard
below podium deck i
(soft)

Figure 10.25 Typology 6 — Elevated spaces
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The design of SuDS should focus on space efficiency and consistency to meet the functional and
aesthetic demands of the streetscape.

Simply providing the minimum space for carriageway and footway is not usually enough to support a
sustainable urban design with integrated SuDS. During the master planning stages of a project, the street
width needs to be realistic, that is wide enough to accommodate all the functions needed to support
vehicle and pedestrian movement, building access, servicing, maintenance, utility routes, street parking,
street furniture, green infrastructure and drainage. The dimensions of these elements will vary.

New-build streetscape should aim to include a linear element that acts as a multi-functional zone,
combining parking, crossing points, traffic calming, green infrastructure, rain gardens, combined utility
route and pedestrian footways. The width of this linear element is defined by the parking provision
(parallel or perpendicular with the road) and the footway width. Filter strips and swales can also

be incorporated, although they do require wider areas which need consideration during the master
planning process.

Streetscape is often composed of public and private land, for instance in this typology public highway with
footpath and private front gardens. Therefore when designing SuDS in the streetscape a door-to-door
approach should be adopted to ensure that the space is fully utilised. For this typology, plot boundaries are
clearly defined by building and fence lines, but the SuDS elements will need to flow across the boundaries.

= Rainwater harvesting components overflow into on-plot rain gardens.
= Shared driveways and footpaths are drained using lined pervious pavements with sub-base storage.

= Rain gardens and sub-base storage slowly drain into highways trench planters, underdrained swales
and/or bioretention systems.

= Trench planters collect, convey and treat runoff from adjacent footways and potentially roof catchment
via downpipes. These can take the form of ground-level planted channels and/or raised planters.

= The public footpath is drained using lined pervious pavements with sub-base storage which
discharge into the trench planters or bioretention systems.

= The public highway is drained with a single drainage profile into a bioretention system that
incorporates tree planting and integrates pervious on-street parking and access into driveways.

= The trench planter and the bioretention system convey water into a local detention basin if space is
available or the local drainage system.

= The trench planters and bioretention system with tree pits play an important role in treating surface
water runoff.

= Multi-functional zones use space efficiently by combining street trees, on-street parking provision,
footway, pedestrian crossing points, spaces for cycle storage, seating area etc. They can also be
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used to assist the traffic calming strategy through the creation of gateways that narrow the street

width and therefore slow traffic speed.

= The trench planters and on-plot rain gardens provide a privacy strip along the property frontages.

= Biodiversity is supported by the on-plot rain gardens, along with the public highway trench planters
and bioretention systems with tree planting.

= Local character is enhanced with the provision of leafy green streets.

“AHVONNOS 1078

= Trench planter to  Crossing acts as
aid conveyvance, ‘dam’ to redirect
— Gleansing and frow of runaff
attenuation

Figure 10.26 Typology 7 — Neighbourhood street
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Unlike the clearly defined plot boundaries of , civic streets have blurred boundaries where
highways and public realm merge with private commercial frontages that are open to the public. This

imposes different pressures and priorities on the streetscape, which can be used to the advantage of
SuDS. Therefore, when designing SuDS in the civic streetscape, a door-to-door approach should be

adopted to ensure that the space is fully utilised.

Civic environments need to be flexible to accommodate a variable calendar of events, an influx of people
and traffic, higher levels of delivery and trash access, temporary street furniture and the desire for open
frontages along retail and commercial properties. These elements should be used to define the street
dimensions along with green infrastructure requirements defined by the local planning department and
the functions outlined in

The parking provision and spill-out spaces associated with retail and commercial frontages provide flexible
space for civic use, for example market stalls, parades and commercial launch events. There are a number
of issues associated with these events in terms of visual clutter, waste/debris and vehicular congestion in
the area during set-up and take-down. Therefore the event process and required infrastructure needs to be
considered at an early design stage to prevent the later removal of SuDS components.

With a door-to-door approach the ownership and maintenance of SuDS needs consideration, as some
SuDS components may cross boundaries.

= The carriageway provides an exceedance event flood path.

= Combined tree trenches placed along the conveyance route provide natural irrigation for the trees
and attenuate runoff rates, with outflow to the local drainage system.

= The public footpath and hard paved areas are drained using pervious pavements with sub-base
storage which discharge into the bioretention systems.

= The public highway is drained with a single drainage profile into a bioretention system that
incorporates tree planting. The bioretention system integrates pervious on-street parking and
pedestrian crossings.

= The trench planter and the bioretention system convey water into a local detention basin if space is
available or the local drainage system.

= The bioretention systems and tree pits play an important role in treating surface water runoff.

= The space is used efficiently by combining street trees, bus stops, on-street parking provision,
footway, pedestrian crossing points, spaces for cycle storage, seating areas etc. SuDS can also be
used to assist the traffic calming strategy through the creation of gateways that narrow the street
width and, therefore, slow traffic speed.

= Biodiversity is supported by the bioretention systems and tree planting.

= Local character is enhanced with the provision of leafy green streets.
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Figure 10.27 Typology 8 — Civic street
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Connectivity across urban landscapes supports healthy communities and promotes neighbourhood
liveability. Historically, these routes are associated with canals or disused railways and historic
infrastructure. Urban design master plans should consider integrating these features as purpose-made
connective landscapes that also support the neighbourhood SuDS strategy.

An important purpose of these green corridors should be to facilitate movement of people. Therefore path
widths need to be suitable for all the intended users, and the predicted peak flow of people. Alongside
this, the scale of strategic tree planting should also be incorporated, ensuring that the trees have enough
space to mature.

SuDS components can be integrated with the tree planting but, where space allows, larger purpose-built
SuDS components can also be used, such as detention basins and underdrained swales.

Directing runoff from frequent events into the greenways will provide natural irrigation for planting while
treating runoff and providing a degree of natural attenuation.

= Surface water runoff from adjacent streets and footways is directed into the greenway.

= Kerb drainage and channels keep the runoff on the surface with single drainage profiles to direct
runoff into linear SuDS components.

= Incorporating landforms and deep planted troughs form flood channels, acting as detention basins
during exceedance events.

= Underdrained grass areas use subsurface filter drains.

= Below-surface soakaways can be beneath planted areas or hard surfaces (only suitable for areas
with adequate infiltration rates).

= A high level of strategic tree planting will increase runoff volume reduction.

= The hard surfaces surrounding the greenway are drained using pervious pavements with sub-base
storage which discharge into the below-ground attenuation components.

= The greenway provides a public green space.
= The greenway connects the local community and promotes a local identity.
= Seating provision and gathering spaces enable people to interact with each other and their environment.

= The educational value can be maximised to inform users of the greenway’s SuDS function, which
they can witness themselves during exceedance events.

= Biodiversity is supported by the greenway planting strategy, which could include a range of flora to
suit the variable planting conditions.
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Bristol Harbourside is a 6.6 ha mixed-use development on the edge of the city’s floating harbour,
which has regenerated the heart of Bristol’s historic waterfront. The project creates a series of spaces
and routes to enhance the floating harbour’s wider public realm, including new public squares, tree-
lined avenues and harbourside moorings with a new harbour inlet.

= As a brownfield site, potential pollutants from the site’s former use needed to be managed.

= Runoff from roofs and pavements is conveyed through the public realm via a series of collection
dishes, channels and rills.

» Runoff is used to irrigate the planted areas and enhance the character of the spaces with sound
and motion.

= Along the harbour edge floating reed beds filter the runoff as it enters the harbour, providing
valuable habitat opportunities and an attractive waterside setting.

= Trees and other planted areas provide Interception and infiltration.

= Green roofs and green walls are incorporated within the new buildings.

Images courtesy Grant Associates

LOCATION: Bristol, UK

DESIGNER: Grant Associates

Part C: Applying the approach
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The eastern end of Derbyshire Street was a dead-end road that only served as a space for 12 parking
bays, suffering from fly-tipping and providing opportunities for anti-social behaviour. The pocket park
concept was developed to provide a stronger social function with a cycle lane and an outdoor café
space. Core to the design philosophy was managing surface water runoff within the park and, in turn,
reducing the potential for flooding locally and within the wider catchment area.

= A planted rain garden receives surface water runoff from the hard surfaces running the length of
the street and provides a physical barrier between the cycle lane and the outdoor café space.

= Downpipes have been redirected into attenuating planters, providing water storage as well as
overflowing into the rain garden.

= Permeable paving with infiltration into the ground is provided within the outdoor café space.

= A swale captures runoff and takes excess water from the rain garden, allowing it to soak
into the ground, as well as providing a physical barrier between the cycle lane and adjacent
residential flats.

= Green roofs have also been installed to provide Interception and attenuate runoff, attracting birds,
butterflies and bees.

Images courtesy Greysmith Associates and London Borough of Tower Hamlets

LOCATION: London, UK

DESIGNER: London Borough of Tower Hamlets
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Rathbone Market is a high-density mixed-use development in east London, including social and
private housing (650 homes) and 20 000 m? of commercial space. It provides high-quality open space

for residents as well as managing surface water runoff on site in order to limit discharge to the local
drainage system.

A pond provides a central visual feature, with plants around its margins designed to make the

water relatively inaccessible. It can accommodate a 200 mm rise in water level following rainfall,
providing 40 m?® of storage.

Treatment is provided by a filter bed beneath the planting at the edge of the pond, plus a silt trap.

Biodiverse roofs, with planting substrate and plug plants, provide Interception and attenuation of
runoff before it drains down to podium level.

The lowest level roof is not planted, but has a series of allotment beds for use by the residents.
A water butt is provided to collect rainwater from an adjacent roof for use on the allotments. The
paving around the beds is also designed to collect runoff, which drains to the pond.

A living wall absorbs noise and the water features also provide white noise to reduce the impact
of the noise from the nearby main road.

Future phases of development will include green and brown roofs with storage beneath the planting
substrate using an open cellular storage system. The capacity of these roofs will be around 110 m?2.

Connected tree pits with geotextile material for the root zone will provide further Interception
and attenuation.

Images courtesy Ben Luxmoore, Tim Crocker and Churchman Landscape Architects

LOCATION: London, UK

DESIGNER: Churchman Landscape Architects

Part C: Applying the approach
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The 4200 m?2 pocket park in downtown Portland was opened in 2005, replacing an existing urban
block. The park provides an attractive public open space with surface water detention and treatment.

Images courtesy Atelier Dreiseitl and GreenWorks

LOCATION: Portland, Oregon, USA
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The design aims to recapture the area’s wetland past with its native planting and flowing runnels,
and forms one of three new parks in the Pearl District.

Formerly a contaminated industrial site, ground conditions do not allow infiltration.
Artwork in the park depicts the city’s previous industrial landscape, adding further to the sense of place.

The rainwater that falls within the curb-line of the park is fed into a pond with planted margins via
a native grassland area and wetland, providing a natural treatment system.

The SuDS scheme discharges to Tanner Creek, which at one time flowed openly through the site.
During dry spells the pond water is recirculated to keep the system active.
Community participation and a stakeholder steering group aided the delivery and legacy of the park.

The park is maintained with the volunteer assistance of the Friends of Tanner Springs.

DESIGNER: Atelier Dreiseitl and GreenWorks

Chapter 10: Designing for the urban environment
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Augustenborg

Ekostaden Augustenborg was a retrofit project aimed at making the 33 ha neighbourhood more
socially, economically and environmentally sustainable.

= A phased implementation was needed around existing buildings, below-ground services, mature
trees and resident communities.

= The project focused on reducing impermeable surfaces, creating green spaces and utilising
above-ground SuDS including green roofs, downpipe redirection to open ditches and channels
and retention ponds.

= Only limited infiltration was possible, due to clay ground conditions and the need to avoid damage
to existing structures.

= Therefore, SuDS were designed primarily to attenuate surface water runoff, rather than to
encourage infiltration.

= Exceedance event water features are located in public areas, including a school playground.

= There was extensive public consultation and community workshops to maximise benefits to the
resident communities.

Images courtesy lliman Young

LOCATION: Malmo, Sweden

DESIGNER: VASYD
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CASE Benthemplein Water Square
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The Water Square at Benthemplein, near the city centre of Rotterdam, is a retrofit scheme designed
to manage an increasing problem of urban flooding by disconnecting urban runoff from the combined
system, while also maximising the amenity value of an underused urban square.

= Three detention basins collect and store surface water runoff — two shallow basins are used
during all rainfall events and the third deeper basin is only used for large events.

= Runoff is collected from the paved areas in the square and the surrounding area including roofs of
the surrounding buildings.

= Runoff is conveyed via large stainless steel gutters into the basins.

= The two shallow basins allow infiltration, while the deep basin provides attenuation before
discharge to a nearby canal.

= The deep basin has a hard-court sports pitch surrounded by terraced seating. The gutters and
one of the shallow basins are designed to be fit for use by skaters.

= Planters have been positioned alongside areas of pedestrian movement and emphasise places
where people can stop and enjoy the space.

= The planting has been selected to provide vibrant bright colours in summer and soft muted
colours in winter.

= The colour scheme for the hard landscaping uses blues where water is stored and stainless steel
for conveyance routes.

= The community was closely involved in the development of the design, setting the objectives of
providing a dynamic place for young people, lots of space for play and meeting places, pleasant
green secluded areas and the stimulating use of water.

Images courtesy pallesh+azarfane, Jeroen Musch, De Urbanisten

LOCATION: Rotterdam, the Netherlands

DESIGNER: De Urbanisten
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Rainwater harvesting

This chapter provides guidance on the design of rainwater harvesting
systems for surface water management, that is storage systems that
collect runoff within the boundary of a property (from roofs and/or
surrounding surfaces) for use on site, where the use is sufficiently great
to ensure that storage of runoff is achievable for most rainfall events.

» Appendix C, Section C.5.3 demonstrates how to design a rainwater harvesting
system for a supermarket.

11.1 GENERAL DESCRIPTION

Rainwater harvesting (RWH) is the collection of rainwater runoff for use. Runoff can be
collected from roofs and other impermeable areas, stored, treated (where required) and
then used as a supply of water for domestic, commercial, industrial and/or institutional
properties. RWH systems have a number of key benefits:

= They can meet some of the building’s water demand, delivering sustainability and
climate resilience benefits.

= They can help reduce the volume of runoff from a site.

= They can help reduce the volume of attenuation storage required on the site.

Where the runoff is from trafficked areas, the potential for harvesting will depend on
the proposed use of the water, the extent of pollution and the treatment provided. The
collected water can generally be used for a range of non-potable purposes, such as
flushing toilets, washing machines (which may require adaptation) and for external uses
such as car washing and irrigation. RWH systems are rarely used to provide potable
water for consumption or bathing in the UK, as this requires specialised treatment and
monitoring to manage the contamination risks. In the UK, private water supplies for
locations not connected to main water supply networks have to comply with the Private
Water Supplies Regulations 2009.

: i e — = e 5 :
Figure 111  Rainwater harvesting storage tanks for domestic and commercial application
(courtesy Stormsaver)

RWH systems are designed to a specific level of service, which may address water
supply only (water conservation systems) or surface water management as well (via
the inclusion of further storage capacity). Provided the system is designed for supply
purposes (ie it has a regular daily demand), RWHSs can be considered to deliver
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Interception for the contributing impermeable area and to reduce the runoff volume. This is the focus of
the design methods proposed in this chapter. However, designing systems for water conservation (supply)
only is also included for completeness and comparison purposes.

Much of the cost of an RWH system is related to the provision of a storage tank, the pump and the power,
controls and the pipework required for its operation. The cost of providing an additional 1 to 3 m3 of
storage will therefore usually lead to a relatively small increase in the total system cost. For a property
with a roof of 50 m? the additional storage needed to capture a 60 mm (total depth) rainfall event would
commonly be around 3 m3.

The principal documents that provide guidance on the design of RWH systems are as follows:

= BS 8515:2009+A1:2013 Rainwater harvesting systems. Code of practice

= BS 8542:2011 Calculating domestic water consumption in non-domestic buildings. Code of practice

= BS 8595:2013 Code of practice for the selection of water reuse systems

= EA (2010) Harvesting rainwater for domestic uses: an information guide.
Although water butts are often regarded as a form of RWH, in practice their value is limited to domestic
watering during dry periods when there is garden water in the container. Water butts do not guarantee
that storage will always be available, unless the system is designed so that any water stored above a set
threshold drains slowly to the downstream drainage system or to a soakaway. However, there is no robust
evidence regarding the potential effectiveness of such components during significant events and no

guidance on the size of orifice and storage volume that may be required to ensure suitable performance
levels. Modelling would, therefore, be required.

Table 11.1 summarises the different possible objectives for RWH systems and the implications for
their design.

There are three main types of RWH system:

= gravity-based systems
= pumped systems
= composite systems

These are described in the following sections. In all cases there is a need to ensure that, if the store of non-
potable water is depleted, an appropriate alternative supply of water is available for the relevant appliances.
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TABLE RWH objectives and design implications

111
RWH for water conservation (supply) only

The RWH system is designed to supply water to the building that it serves. The storage provided is sized to capture
and retain an appropriate volume of runoff from the contributing surface (the yield) to meet the projected building
use requirements (the demand).

Although a proportion of the runoff from large events will normally be captured, the performance of such systems

to manage extreme events cannot be relied upon, and therefore any potential contribution to surface water
management should not be allowed as part of the design.

RWH for water conservation (supply) and surface water management, passive systems

The tanks for these systems are sized to accommodate the storage required for water supply plus the storage
required to manage a specific depth of rainfall during a large event.

The term “passive” refers to the fact that the space available in the tank to store surface water runoff at any
particular time is entirely dependent on the balance between the demand and supply, and the water level is not
“managed” in an “active” way.

Where RWH systems are implemented for individual residential properties, surface water control for the design
rainfall event is unlikely to be achieved for every property, and an average level of compliance will need to be
assumed. Where groups of properties share a tank, or where consistent demand in commercial buildings is more
likely, performance of the system is more certain.

RWH for water conservation (supply) and surface water management, active systems

If the water storage in a tank is actively managed, then all properties can be designed to comply with surface water
management objectives, irrespective of the relative levels of demand and supply, provided the system is managed
so that no runoff (of any significance) occurs for any event up to the design rainfall depth. There are two mechanisms
available to ensure that sufficient tank volume is available to manage the design storm depth. These are:

= forecasting that a large event is approaching (days or hours ahead) and pumping the stored water away, or

= pumping out the stored water down to a set level whenever a threshold is exceeded.
The first option requires communication to rainfall event forecasting information. The second requires a timer delay
so that water is pumped away at a set time after the event has passed.

BOX Rainwater harvesting for schools, Essex
1.1
At Columbus School and College in
Chelmsford, rainwater is harvested
from both sites in a combined
storage and treatment facility. The
water is then distributed for use in
the toilets.

RWH forms part of a wider water
management strategy, which also
includes SuDS to manage local
flooding, water-efficient fittings and
fixtures plus leak detection systems
and drought resistant planting.

The scheme forms part of a wider

strategy by Essex County Council

to improve sustainability standards
and reduce costs.

Figure 11.2  Columbus School and College (courtesy Essex County
Council)

Several other schools in the county also use RWH. Monitoring of different systems is helping to
inform future schemes.
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11.1.1 Gravity systems

Gravity systems are designed so that the rainwater is collected by gravity and stored at elevation so that it
can also be supplied by gravity (Figure 11.3).

Rainfall runoff can be collected from standard domestic or commercial property pitched roofs and stored
in the roof space or on the roof. In other designs, the storage is supported at a high level on the wall just
below gutter level. In low elevation buildings, above-ground storage tanks can be used to serve ground
floor appliances and irrigation demands.

The key design constraints are:

= the structural capacity of the building to store the water at an elevated location

= the collection of sufficient water from the roof, at sufficient height, that will allow subsequent supply
based on a gravity-only process

= limiting operating pressure

= temperature of stored water.

Modern domestic properties are generally quite lightweight structures and only designed to meet
standard loadings, which includes the storage of cold water tanks in lofts. The roof area of a standard
pitched roof tends to fall to a level equal to or below the loft space, therefore collecting water by gravity
and storing it in the loft has to limit the collection area to the upper section of the roof unless below-gutter
storage options are used (where they can be supported structurally).

b

: _rh Collection and

J'E I " delivery system
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Storage tank —

‘E;:_up Excess runoff discharged to soakaway
water supply V' “or downstream drainage component

Figure 11.3 A conceptual gravity-fed RWH system

11.1.2 Pumped systems
The most common type of RWH systems tend to store water underground or at ground level and then
pump it out for supply purposes.

There are two types of pumped systems: those that pump to a header tank and those that pump directly
to the units in the buildings.
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A typical pumped RWH system is shown in Figure 11.4.
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Figure 11.4 A conceptual pumped rainwater harvesting system

11.1.3 Composite systems

These systems use the advantages of both gravity and pumped processes. Runoff collected by gravity

is passed directly to a large header tank, while excess runoff (and runoff from areas that cannot drain by
gravity to the header tank) can be stored in the main tank in the ground. If and when the header tank is
empty, a pump then comes into operation to fill it from the main storage tank. Although the header tank is
likely to be much smaller than the main tank, the amount of water which needs to be pumped is often very
significantly reduced compared to a fully pumped system.

11.2  SELECTION AND SITING OF RWH SYSTEMS

Rainwater harvesting can be used in residential, commercial or industrial development for new or retrofit
projects for water conservation and surface water management. Careful consideration should be given
to the likely contaminants present in the runoff, and thus the suitability of the runoff for harvesting; for
example, runoff from roofing materials containing copper or zinc, or treated with fungicides or herbicides,
may not be suitable, depending on the purpose for which the water is to be used.

There are a number of site-specific features that will influence how RWH systems are designed (in addition
to the considerations of contributing area, property demand and elevation discussed in Section 11.1).
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Selection and siting of RWH systems will depend on the size and access requirements of the tank and
the physical constraints of the site. In all cases, easy but safe access is needed to all components (filters,
pumps etc) to ensure that there is no impediment to maintenance being carried out.

Storage tanks should be placed in a safe, secure location either underground, indoors, on roofs or
adjacent to buildings (depending on the intended uses of the water). Tanks that are located underground
tend to have improved performance with respect to the control of water temperature, reducing bacterial
growth in summer and frost damage in winter. Where the tank has to be installed close to the building,
structural considerations such as the depth of the foundations and the watertightness of the RWH unit
and its overflow provision are particularly important. The presence of underground utilities may also
constrain the location of the tank.

Tanks should not generally be placed on filled ground, and an adequate geotechnical investigation should
be undertaken to ensure the suitability of the soils for the tank foundation.

The storage tank is quite likely to be empty for periods of time and, where groundwater levels are close to
the ground surface, the issue of flotation will need to be addressed.

HYDRAULIC DESIGN

11.3.1 General

The sizing of an RWH storage tank is a function of:

= the demand for non-potable water from the tank

= the regularity of the demand

= the area contributing runoff to the tank

= the local seasonal rainfall characteristics

= the design level of service for the tank, with respect to the control of surface water.
An accurate assessment of the performance of an RWH system requires the pattern of demand to
be modelled, together with a continuous rainfall time series and runoff model. This enables temporal
patterns of supply, storage and demand to be predicted, together with frequencies of overflow operation

and supply shortfall. However, in most instances, this approach is not needed and a simplified calculation
of tank storage can be used.

The RWH code of practice BS 8515:2009+A1:2013 provides six ways of calculating tank sizes. These are:

1 the simple method — for water conservation

the intermediate method — for water conservation

the simple surface water management method — with passive control

the intermediate surface water management method — with passive control

the detailed surface water management method — with passive control

oo a0 A WN

the surface water management method — with active control.

Each of these methods are discussed in the following sections. It should be noted that the surface water
management options automatically provide an equivalent (or better) level of service with respect to
water conservation (supply). An automated calculation of storage tank size for residential RWHs can be
accessed from www.uksuds.com

In all cases, there is an assumption that regular daily demand will take place. If there are unusual demand
requirements, then analysis from first principles will be needed. This applies to all uses of RWH systems
— whether residential, commercial, industrial or institutional.
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The primary parameters used for calculating the size of the storage are:

= the storm rainfall depth that is to be captured
= average annual rainfall (AAR)

= daily demand for non-potable water

= building occupancy

= contributing surface area.

These are described in the following subsections. Other parameters include the runoff factor and the filter
efficiency factor.

Design level of service for the tank (design rainfall depth)

The design rainfall depth can be any value. However, site runoff volumetric control criteria are often linked
to the 1 in 100 year, 6-hour event, which tends to be of the order of 60 mm in the UK (Figure 11.5).

Average annual rainfall for the UK

The average annual rainfall across the UK can be obtained by reference to tools such as the Flood
Estimation Handbook (FEH) CEH, 1999) or the mapping from the older Flood Studies Report (FSR) (IOH,
1975). Figure 11.6 provides an indication of the annual rainfall depths across the UK.

Daily demand for non-potable water

The assumed consumption of non-potable water has historically been 50 litre/capita/day (l/c/d) for toilet
flushing (assuming 9 litre cisterns). However, with recent developments in water-efficient appliance design
(eg maximum toilet cistern size of 6 litres), daily household toilet usage is now thought to be closer to 20 I/c/d
(Kellagher, 2012). The consumption of water in washing machines is believed to be of the same order at
around 20 l/c/d. This means that 40 I/c/d could be assumed if both appliances use non-potable water.
These figures have been based on research (Kellagher, 2012), but there is some degree of uncertainty
over whether these figures are suitable averages to use, and as variations in water use are likely to be
significant between households, it is important to assume a conservative (low) value when designing for
surface water runoff management.

For commercial properties such as offices where toilet flushing alone is used during the working day, the
consumption rate may be as low as 10 l/c/d. Guidance on water consumption for any category of building
should be obtained when designing for non-potable water use (BS 8542:2011). For other buildings where
water demand is driven by temporary customer use (eg schools, large stores, supermarkets) consumption
needs to be based on specific information associated with the buildings being served.

Occupancy rates of domestic properties

The occupancy rates of properties are available from statistical information gathered by the government
and regional authorities. These are linked to type of property which includes the number of bedrooms.
The average occupancy values are supported with information on standard deviation, which is important
when assessing the degree of compliance of individual property RWH systems in managing runoff from a
specific design storm depth.

An illustration of values for household occupancy is provided in Table 11.2 and these are fairly
representative of many other regions of the UK.
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Figure 11.5 1in 100 year, 6-hour rainfall depths for the UK
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Figure 11.6  Average annual rainfall for the UK
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TABLE Summary of occupancy rates for new market housing in (i) Cherwell District and (ii) Oxfordshire
11.2 County (from OCC, 2009)

0 1 2 3 4 25 Overall

(i) Cherwell District

Properties sample size 3 84 210 243 145 87 772
Number of occupants 3 118 362 579 431 295 1788
Mean occupancy 1.00 1.40 1.72 2.38 297 3.39 2.32
Standard deviation 0.00 0.58 0.66 0.97 1.12 1.24 0.92
(ii) Oxfordshire

Properties sample size 28 514 1191 1044 809 311 3897
Number of occupants 31 716 2069 2453 2443 1138 8850
Mean occupancy 1.1 1.39 1.74 2.35 3.02 3.66 2.27
Standard deviation 0.42 0.56 0.73 1.02 117 1.32 0.95

Table 11.3 provides suggested typical occupancy rates for England, for all dwellings that are not assisted
housing or in locations with unusual occupancy characteristics for economic or cultural reasons. Updated and
equivalent data for England, Wales and Scotland is collected as part of the national census, and is available for
each region: www.scotlandscensus.gov.uk/census-results / https://www.nomisweb.co.uk/census/2011

Occupancy by accommodation type and number of bedrooms, England 2004-2007 (from

DCLG, 2007)
One bedroom 1.3
Two bedrooms 1.9
Three bedrooms 2.6
Four or more bedrooms 3.2

For water conservation design, a traditional rule of thumb is two persons per bedroom, although the
figures in Table 11.3 indicate that this may be conservative, and perhaps the mean occupancy plus one
standard deviation (if this is known) is a more reasonable estimate to use.

For surface water management design, the mean occupancy should be used, which is conservative for
this aspect of the design.

Contributing plan areas

Contributing roof areas should be calculated in plan. It is important to use the actual roof plan area
drained as it may not be possible to capture all the runoff from a roof area due to the various pitch
arrangements of the property.

Runoff (yield) coefficients

It is important to recognise that many events are relatively small and therefore the initial wetting losses,
especially for flat roofed areas, may be quite significant which can mean that the overall proportion of
runoff for an event is much less than 100%. Where losses are complex and varied, such as on green
roofs and permeable pavements, then analysis with a continuous rainfall time series, taking into account
evapotranspiration may be necessary to get a sufficiently accurate estimate of the likely proportion of
runoff. Table 11.4 provides suggested values for the average runoff coefficient.
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TABLE Suggested initial runoff coefficients for RWH yield analysis (from BS 8515:2009+A1:2013)
11.4

Pitched roof with profiled metal sheeting 0.95
Pitched roof with tiles 0.90
Flat roof without gravel 0.80
Flat roof with gravel 0.60
Green roof, intensive’ 0.30
Green roof, extensive' 0.60
Permeable pavement (concrete blocks)? 0.60
Road/pavement 0.75
Note

1 Green roof runoff yield is particularly uncertain and varies with season. There may also be negative colouration impacts.
2 This reflects the proportion of rainfall that finds its way through the overlying surface to subsurface collection points for RWH.

The runoff coefficients suggested for green roofs and permeable pavements in particular are likely to be
higher than would be observed for most small-to-medium events (ie they will give too high an estimate of
yield and associated yield/demand ratio).

An alternative approach to the calculation of the runoff yield can be used which explicitly addresses both
the losses for each event and the runoff coefficient losses once the collection surface is wet. Table 11.5
provides indicative values for various roof surfaces for this approach.

Runoff coefficients with initial losses for RWH yield analysis (from BS 8515:2009+A1:2013)

Pitched roof with profiled metal sheeting 1.0 0.2
Pitched roof with tiles 1.0 0.4
Flat roof without gravel 0.95 1.0
Flat roof with gravel 0.95 2.0
Green roof, intensive' 0.80 2.0-6.0
Green roof, extensive' 0.80 2.0-4.0
Permeable pavement (concrete blocks) 0.90 4.0
Road/pavement 0.90 1.5
Note

1 Green roof runoff yield is particularly uncertain and varies with season. There may also be negative colouration impacts.
Intensive and extensive green roofs are described in Chapter 12.

For small roofs, it is unlikely that green roofing would be used together with RWH as the natural losses
from green roofs are large and demand would be significantly greater than the available supply. However,
for very large roofs (or where demand is limited) there may be a need to use both in conjunction in order
to adequately meet surface water volume control requirements.

Hydraulic filter efficiency

Runoff losses are increased by filter losses. Filters vary in the way they work, and these losses are also
a function of the rainfall depths and intensities. It is best to use an appropriate coefficient for the actual
filter used in the design (obtained from the manufacturer), but a coefficient of 90% can be adopted as a
starting point.
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11.3.2 Sizing RWH storage tanks for water conservation (supply) only (BS 8515:2009)

The sizing of storage tanks for water conservation (supply) systems is generally based on a value that
is the smaller of either 5% of the annual property water demand or 5% of the annual runoff “yield” of the
contributing surface. The approach remains the same for one or more than one property and assumes:

= reliable regular daily demand for the water, and

= fairly similar monthly rainfall depths throughout the year.

The 5% figure is based on the presumption that 5% of the year (ie 18 days) provides enough time for the
rainfall yield to approximate to the average yield.

Where the RWH system does not have a regular demand, and/or where a large amount of water might be
needed infrequently (eg a garden centre), then the design will need to take account of the seasonality of
both supply and demand patterns.

The simple method

The simple method is just a graphical representation of the formula-based intermediate method (see
below). This allows the capacity of the storage tank to be determined based on an assumed number of
occupants (in this case, four people), the annual rainfall depth and the size of the roof of the property
(plan area). Figure 11.7 illustrates the approach, drawn from BS 8515:2009+A1:2013. A roof runoff
coefficient of 80%, a water demand per person of 50 I/c/d and 18 days of storage have been assumed in
producing the figure.

To avoid having a separate figure for different occupancy rates, the information can be aggregated to
one figure, as illustrated in Figure 11.8. The horizontal lines for each property occupancy defines the
maximum storage that is appropriate for that property, due to the limit in the demand.

4,00 —
| 4 People _ L |
3.00 —
E 500—
(]
E
2 SAAR: Standard Average Annual Rainfall (mm)
0.00 I I
30.00 60.00 20.00 120,00

Roof area (m®)

Figure 11.7  The simple method for sizing RWH tanks — for water conservation only (from BS 8515:2009+A1:2013)
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Figure 11.8  The simple look-up approach for sizing RWH tanks — aggregated for various occupancy rates
The intermediate method

The intermediate method is based on calculating the lesser of “5% of the annual runoff yield” and “5%
of the annual property demand” as set out in the following sections. The 5% represents approximately
18 days of supply/demand and is required to ensure that sufficient storage is available, being suitably
conservative so as to take account of the variability in rainfall/demand patterns.

Runoff yield calculation (intermediate method: water supply only)

Five per cent of the average annual runoff from the contributing area is calculated using the
following equation:

Yp =Ae AAR 1 x0.05

where:
Y, = runoff volume (yield) (1)
A = collecting runoff area (m?)
e = runoff (yield) coefficient
AAR = average annual rainfall depth (mm) (Figure 11.4)
n = hydraulic filter efficiency (ratio)

An alternative formula, which takes into account the number of events in the year and the initial
losses, is:

Yz = [AAR — (150 ds)] e, A x 0.05

where:
d, = depression storage mm)
e, = runoff (yield) coefficient (after depression storage has been filled)
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This formula assumes that there are 150 effective rainfall events in the year, which is a reasonable
assumption for most of the UK.

Non-potable water demand calculation (intermediate method: water supply only)

220

Five per cent of the annual non-potable water demand is calculated using the following equation:

Dy = Py n x 365 x 0.05

where:
D, = total annual property demand for non-potable water (1)
P, = daily demand per person (l)
n = number of occupants in the property

11.3.3 Sizing RWH storage tanks for surface water management, with passive control

All surface water management methods are based on two criteria:

1 A design rainfall depth is to be captured by the system without the overflow coming into operation.

2 The average annual demand (D, is greater than the average annual yield (Y,) from the contributing area.

Where seasonal variability is significant, data should be used for the season for which large rainfall event
control is relevant.

The demand assessment is based on assumed occupancy and water usage. As a result of the “passive”
control approach and the variability in property occupancy (and therefore consumption), surface water
control for the design event is unlikely to be achieved for every property. Where demand is lower than
average, the RWH tank will tend to have lower availability for the storage of runoff. A rule of thumb should
therefore be adopted that assumes that 30% of properties on any site will “fail” to control surface water
runoff for the design event.

The water demand for a group of properties sharing a communal RWH tank is more predictable as the
total population for a group of houses will tend to converge toward the average. Therefore the more
properties there are sharing a tank, the less likely the tank is to fail to deliver surface water management
for the design rainfall depth. Demand predictability is also likely to be higher for commercial properties.

There are design uncertainties regarding how many houses are needed to achieve sufficient convergence
on the mean water consumption, and what the chance of “failure” is for the system with respect to
managing the design event. These questions can be addressed using appropriate statistical analysis.
However, as the consequences of failure of a communal system is greater (if it is being presumed that

the runoff volume is being stored), a degree of conservatism needs to be exercised in the analysis of
assessing the yield and demand ratio. As the number of properties served by a communal rainwater
system increases, the uncertainty associated with the demand level reduces and the likelihood that Y,_/D,
is greater than 0.9 is lowered.

The simple method

For the simple method, the Y,/D,, ratio should be less than 0.7. This method calculates the water
conservation (supply) component and the surface water management storage volumes separately and
simply adds them together. However, for the situation where the demand (D, ) is more than three times the
yield (Y,) (ie where Y,/D, < 0.33), the total storage that needs to be provided can be limited to the storage
required for surface water management alone.

The storage calculation is set out in Box 11.4.
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Tank storage volume calculation: simple method, water conservation + surface water

management, passive control

When:
Dy —30Y; <0
Then:
Total storage = V,
Where:
ARy B 1
Vs¢ = ————
1000
Voe = storage volume (mq)
A = contributing runoff area (m?)
R, = design storm event rainfall depth (mm)
B = design storm event runoff coefficient
n = hydraulic filter efficiency (ratio)
When:
Yg/Dy < 0.7
Where:
Y, = 5% of the annual volume (yield) (I) (Box 11.2)
D, = 5% of the annual demand (I) (Box 11.3)
Then:
Total storage = V .+ Y,

It is important to note that the design storm event runoff coefficient should be 90% or more from most

surfaces which is different from the coefficient used for the calculation of Y. In contrast the coefficient
n might be slightly less, in that the event is likely to be a higher intensity event, but this will be product-
specific.

Figure 11.9 provides a look-up graph for V.. It assumes that both the runoff factor and filter efficiency
are 1.0 (ie no losses) and that the design rainfall event depth is 60 mm.
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Figure 11.9  Additional storage volume V. required for surface water management, over and above the storage
needed for water conservation, simple approach

The intermediate method

The intermediate method is effectively a minor refinement of the simple method. The extra assumption is that,
where Y,/D, ranges between 0.33 and 0.7, the storage provision for water conservation can be reduced to
minimise the increase in volume needed for surface water management. In all other aspects the constraints
and design criteria are the same as those given for the simple method for surface water management.

The detailed method

This method can be used for all scenarios where Y,/D, < 0.9. In this scenario, storage volumes
calculated using the simple or intermediate methods will underestimate the storage requirements.

This methodology is based on the research work of Gerolin and Kellagher undertaken to avoid the need
to carry out extensive analysis using a continuous rainfall time series (Kellagher, 2012). This method does
not guarantee to capture the design rainfall depth for all events, but is aimed at achieving this objective for
at least 90% of all such events.

Tank storage volume calculation: intermediate method, water conservation + surface water

management, passive control

When:
0.33 < Yp/Dy < 0.7

Then:

Total storage = V. + Y,

Where:
Vsc = ARy — 0.5 (Dy — Yz)
Voo = storage required for surface water management (1)

A = contributing runoff area (m?)

R, = design storm event rainfall depth (mm)

D, = 5% of the annual demand (I) (Box 11.3)

Y, = 5% of the annual volume (yield) (I) (Box 11.2)

continued...
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...continued from

BOX Tank storage volume calculation: detailed method, water conservation + surface water

11.6 management, passive control

As stated earlier, where D, > 3.0 Y., (ie demand is more than three times the yield), the total tank
storage volume should be:

Total storage is V. = AR,

where:
R, = design storm event rainfall depth (mm)
A = area of the collection surface (m?)

Otherwise the following formula applies:

~ [A (Rq — SP50 + Ad)

Vse = +1.0
s¢ 1000 x CP50
where:
R, = net rainfall depth of the design storm (mm) (ie design storm depth x design event
filter and runoff coefficients)
SP50 = the net rainfall depth that is served by a 1 m® storage tank (mm) (see calculation
method below)
Ad = additional net rainfall depth allowance to cater for the uncertainty of storage
availability for the design storm event (a function of Y./D,) (mm)
A = roof area (m?)
CP50 = effective proportion of additional storage available for increasing the tank size from 1 m?
to store the design rainfall depth
Ve = tank size (m®)
SP50

The SP50 value is the annual average measure of the storage space available; for 50% of the time
there should be less than this volume available for storage of a large event. The value of SP50 is:

1000 Cs
SP50 = ——

where:

Cs is a coefficient which is a function of Y,/D,,

Cs = 1.0,ifY/D,<0.6
or

Cs = —0.677 (Y /Dy) + 1.40

if Y/D,, ratio is between 0.6 and 0.9 for AAR < 750 mm and r > 0.35
or

Cs = —0.847 (Yz/Dy) + 1.49

if Y/D,, ratio is between 0.6 and 0.9 for AAR > 750 mm and r < 0.35
where:

r = standard rainfall parameter from the FSR (1975); the rainfall ratio for the 1:5 year
1-hour/2-day rainfall depth.

Note: the difference in the Cs values are small and this hydrological regional refinement only has a
small influence on the design tank storage volume.

continued...
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...continued from

BOX Tank storage volume calculation: detailed method, water conservation + surface water

11.6 management, passive control

Ad (allowance depth)

As SP50 is the available storage available in the tank for 50% of the time, an extra allowance of
storage is needed to ensure capture of 90% of all storms equal to or greater than the design rainfall
depth. This extra allowance depth (Ad), measured in terms of rainfall depth, is defined as:

Ad = 31.06(Y./D,)* +15.08(Y./D,) + 0.36
This value tends to zero as Y,./D, becomes very small. The normal range for Ad is between 10 mm
and 40 mm.
CP50

The CP50 value takes into account the fact that the effective storage volume provided is less than
the actual storage. As Y,./D, increases, the storage provided becomes less and less effective in
storing the runoff. The value of CP50 is:

CP50 = 1.0if Y/D,, ratio < 0.6
CP50 = —3.29 (Yg /Dy)? +4.16 (Yg /Dy) — 0.3
if Y./D,, ratio is between 0.6 and 0.9 for AAR < 750 mm and r > 0.35
CP50 = —4.06 (Yp/Dy)? + 4.94 (Y /Dy) — 0.5
or

if Y/D,, ratio is between 0.6 and 0.9 for AAR > 750 mm and r < 0.35

Note: the difference in the values CP50 values are small, and this hydrological regional refinement
only has a small influence on the design tank storage volume.

11.3.4 The detailed surface water management method - with active control

Most RWH systems are designed as passive systems, and the demand for active RWH systems is
currently limited. However, as the advantages they bring becomes better understood, especially in
situations where site management criteria focus on runoff volume control, it is likely that actively managed
RWH systems will become more commonplace. There are three benefits of using actively managed
systems over their passive counterparts. These are:

= storage volumes can be reduced when the Y_/D, ratio is > 0.7
= they can be used where Y,/D, is > 1.0

= the assumption of non-compliance of 30% of all residential properties is no longer needed where
RWH systems are used for individual dwellings.

The method works on the basis that active control of the available storage volume in the tank ensures
that the capture of the design event rainfall runoff can be guaranteed. The active management requires
the tank to be drawn down every time the water level encroaches above the volume needed to store
the design rainfall depth. However, this action cannot be taken as soon as this threshold is triggered, as
this may mean that the system is discharging rather than storing the design rainfall during a flood event.
Therefore discharge can only take place when its effect will not cause negative impacts on flood risk for
downstream areas and drainage systems. For many site drainage systems, the critical duration of the
storage system is more than a day, in which case the drawdown should be delayed for at least two days
in order to minimise the effects of many such systems drawing down following an event. The longer the
period before drawdown, the greater is the statistical risk of the design rainfall depth being only partially
captured or not being captured at all. However, the probabilities associated with this are very small and
the consequences in larger catchments are also small. Only where Y,./D, ratios are significantly higher
than 1.0 is this issue worth examining in more detail.
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Although this method is not dependent on the ratio of a
yield to demand, it is worth noting that where Y,./D,, e
< 1.0 the emptying frequency will be relatively small,

while if it is above this threshold then pump drawdown

will occur fairly often. Pump drawdown will be more Storage required for surface water
frequent as the ratio increases. This factor could (Desi rain“f":"”:ge::ea”‘ i
influence the design of the trigger thresholds and the o equal IE%GH'III:'II'TF

on and off pump settings.

In cases where Y, /D, < 1.0, the drawdown depth Pummp switch: on
might be set to the equivalent to 5 mm of rainfall Euls - =
(Figure 11.10). However, where Y,./D, > 1.0 the Drawdown
dr?wdpwn might be increased tq 10 mm of rainfall to m Storage required for water
minimise the frequency of pumping, and also to ensure " conservation (supply)
there is a little more time during which the available {Rainfall depth approximately

: : . equal to 30mm})
storage exceeds the design rainfall depth requirement.
It should be noted that when Y,./D, > 1.0, the tank Figure 1110 Rainwater harvesting tanks with active
will be very rarely empty and therefore the extra control for surface water management
drawdown will not significantly impact on the water
available for use.

L

Where RWH systems are designed to manage surface water runoff, they can contribute to all aspects of
site drainage. For the surfaces served, they can meet the Interception criterion, contribute significantly
to the volume reduction needed to meet the volumetric criterion and reduce the volume of temporary
storage required to attenuate flows discharged from the site.

11.3.5 Interception design

RWH, whether designed for water conservation only or surface water management as well, provides
benefits in delivering Interception for all connected surfaces — where demand from the system is regular
and consistent through the year.

Where Y./D,, is significantly more than a ratio of 1.0 (and the system is not actively managed), then it will
be ineffective for surface water management, but it can still be considered to provide Interception as it will
prevent the first 5 mm of most rainfall events from creating runoff.

P Designing for Interception is discussed in Section 24.8.

11.3.6 Peak flow control design

RWH systems will only contribute to peak flow rate reductions during the period where upstream storage
tanks are filling, that is when there is no runoff from the contributing surfaces. Once the tank storage is
full, there will be no reduction in flow rates as it should be assumed that runoff then passes to the site
drainage system. Unless the RWH system can be designed to guarantee to capture all events without
overflowing (which is very unlikely), RWH systems cannot be assumed to contribute to a reduction in
peak flow rate on a consistent basis, and therefore site conveyance design should not assume that any
flow rate reduction is achieved. If RWH is a major site component in managing runoff, and it is felt that
there are significant gains to be made in reducing the site conveyance capacity, then a detailed analysis
of a continuous rainfall time series of 100—200 years would need to be carried out to justify the design of
the site drainage where conveyance rates are reduced.

11.3.7 Volume control design for flood control

RWH systems can be designed to capture and retain the design rainfall event depth required for
volumetric control (as set out in Sections 11.3.3 and 11.3.4).
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The surface water management storage volume provided by the RWH systems will contribute to reducing
the volume of attenuation storage required on the site. The critical duration of the design event for the site
attenuation storage will be shortened due to the reduction in runoff volume delivered by the RWH system.
The attenuation storage volume will be reduced by more than the amount of the RWH storage provided.

P> Designing for attenuation storage is discussed in Section 24.9.

11.3.8 Exceedance flow design

RWH systems for surface water management are designed to capture a specific depth of rainfall. They
therefore only contribute to extreme event flow management during the initial stages of extended extreme
events and during high intensity, short duration rainfall when site drainage systems are overwhelmed
while the rainwater tanks are still capturing and storing runoff.

Consideration should be given to the design of the RWH overflow and the subsequent discharge pathway.
Where infiltration systems are used for disposal of excess water, then consideration should be given to
the likely frequency and consequences of potential exceedance events.

TREATMENT DESIGN
There are two aspects with regards to RWH system treatment design:

1 the contribution of RWH systems to the control of pollution from site surface water runoff

2 the treatment of the collected rainwater so that it is suitable for non-potable domestic or other uses

11.4.1 RWH contribution to site runoff pollution control

Roof runoff is significantly less polluted than runoff from road surfaces. Nevertheless, roofs may still
generate pollutants such as sediments, PAHs and metals due to atmospheric deposition and runoff
entrainment. In some cases, particularly in commercial environments, the wash-off of roofing constituents
such as copper and zinc is a particular issue. Where roof runoff is captured by the RWH system, any
pollutants from the roof surface will be captured by the collection and filtration system. Maintenance of
the system is essential to prevent debris, sediment and other pollutants that accumulate in the filters from
being discharged downstream, and to ensure the long-term performance of the system.

By reducing the volume of runoff generated from the site, particularly for small events, RWH systems can
directly reduce the pollutant load discharged to receiving waters. They are considered as an effective
Interception component for the roof contributing to the system — whether designed for surface water
management or water conservation (supply) only.

11.4.2 Treatment of collected runoff for use

RWH systems designed to BS 8515:2009+A1:2013 should deliver a water quality that is suitable for
applications such as toilet flushing, washing machines and garden watering. Runoff that contains a high
pollutant loading (eg sediments or heavy metals) may only be appropriate for use after treatment. The use
of the harvested runoff will dictate the extent and type of treatment that should be provided. Disinfection
may be required where site-specific risk assessment indicates the need for a specific water quality.

Useful references on this topic include BS 8515:2009+A1:2013, BS 8595:2013 and a number of papers
particularly those from Fewtrell and Kay (2007a, 2007b).

Rainwater harvesting water quality treatment measures include: pre-treatment, filtration, biological
treatment and disinfection. Storing the water below ground can reduce the need for water quality
treatment by keeping the water cool. Cool water has higher oxygen concentrations and prevents bacteria
growth, and the lack of light prevents algal growth. Filters can be implemented pre or post storage.
Treatment technology is developing rapidly as RWH system uptake and development increases, and is
not covered further here.
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AMENITY DESIGN

RWH systems provide indirect amenity value by supporting the resilience of developments and their
landscape to changes in climate and water resource availability. Occasionally, they can also provide
direct amenity value when implemented above ground, if designed with visual interest and/or integrated
with landscape features and/or combined with educational initiatives. RWH systems can be made visually
attractive, with considered engineering and landscape design input.

BIODIVERSITY DESIGN

RWH tanks do not have any inherent biodiversity value, but they can help to reduce flows on the
downstream system, and this can help facilitate biodiversity delivery in those areas.

PHYSICAL SPECIFICATIONS

11.7.1 Pre-treatment and inlets

Primary screening devices are used to prevent leaves and other debris from entering the tank. Primary
screening devices often have a wire mesh screen installed near the downspout. If leaves pose a problem,
a leaf screen should be installed along the entire gutter length.

First flush devices can be designed to divert the first part of the rainfall away from the main storage tank.
The first flush picks up most of the dirt, debris, and contaminants (eg bird droppings) that collect on the roof.
Consideration will then be required as to where this first flush is safely treated and managed downstream.

11.7.2 Underdrains and outlets

RWH systems need either an inlet valve that closes flow into the container when it is full, or an overflow
arrangement that conveys excess surface water runoff away from the building without causing damage.
Erosion protection measures for the overflow should be provided as necessary.

MATERIALS

11.8.1 Rainwater harvesting tank structures
Most rainwater collection tanks are manufactured from plastics, concrete or steel. When selecting a
material and product type, consideration should be given to:
= the potential need for protection of the tank materials against the corrosive effects of the stored
water and any disinfectants used
= the tank service life
= resistance to flotation and potential restraint options
= structural design and installation complexity
= ease of maintenance if the system blocks or becomes contaminated in some way
= aesthetics (where the tank is visually accessible).
The storage of rainwater does not have to be in a traditional tank; the void space in sub-base material of

a permeable paving system or within geocellular modular units, encapsulated within a robust, weldable,
geomembrane can also be used.

P Geotextile and geomembrane specifications are presented in Chapter 30.
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Tanks should be designed to prevent freezing during winter, and ingress of groundwater. Underground
tanks should be properly designed and installed to withstand groundwater, earth and/or backfill
pressures, surcharge loads, vehicular loading and flotation.

11.8.2 Collection and distribution systems

External pipework needs to designed to prevent freezing during winter.

Internal pipework needs to be distinguished from potable water pipework by using pipe materials which
comply with the RWH code of practice BS 8515:2009+A1:2013.

LANDSCAPE DESIGN AND PLANTING

There are no landscape design aspects to the use of RWH systems unless the water is stored in a
landscape feature.

RWH systems can be used to provide a supply of water for plant irrigation.

CONSTRUCTION REQUIREMENTS

RWH systems should be installed using safe construction methods, and manufacturers’ guidelines should
be followed in all cases.

Care should be taken to avoid cross-connections, and pipe marking is essential. Reference should be made
to the Water Supply (Water Fittings) Regulations 1999. Guidelines are available in BS 8515:2009+A1:2013
on pipe markings, fittings and other construction guidance. Any buried
tank should be designed by a structural engineer to ensure that it is
suitable for the ground conditions in which it is installed.

Modern developments often have quite small gardens and RWH tanks
are often located close to a building. Careful consideration of the
structural impact on the building of the excavation and subsequent
operation of the system needs to be taken. Consideration should also
be given to requirements for structural support (eg using appropriate
concrete backfill around the unit). Flotation risk during periods of
extended wet weather should also be checked.

The operation of the tank overflow when the system is full (including
the frequency, volume and impact of spills) needs to be considered
and designed to avoid damage or nuisance.

Figure 11.11 Rainwater harvesting
Surface water should not be diverted to the RWH system until the storage tanks during construction

catchment area and overflow area have been stabilised. (courtesy British Precast)

P> More detail on construction activities and the programming of construction activities is provided in
Chapter 32.

P> Generic health and safety considerations are discussed in Chapter 36.

OPERATION AND MAINTENANCE REQUIREMENTS

Any property with an RWH system installed should be provided with appropriate information as to what
equipment has been installed, its purpose, its operation and maintenance requirements, the actions
needed to address any potential failure and the expected performance of the system. Information on the
options for external maintenance support should also be provided.
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Most systems require periodic checking and maintenance to ensure trouble-free and reliable

operation. There are wide differences in the extent of maintenance required for different systems, and
manufacturers’ guidelines should always be followed. Table 11.6 provides guidance on the type of
operational and maintenance requirements that may be appropriate. The list of actions is not exhaustive
and some actions may not always be required.

Maintenance requirements are largely dependent on the runoff source and the runoff use (and thus
treatment processes provided). This will range from weekly input through to rare intervention. Routine
inspection of the filter system at quarterly annual intervals is advised, even if they do not appear to need
specific intervention. Pumps need very little attention, but their design life is generally regarded as only
being 10 years. Where automatic provision of potable water occurs (if and when rainwater is either not
available or the system has failed), it is useful to have sensor warnings relayed in such a manner as to
inform the user of the current status of the system.

RWH systems should be designed so that when there is an absence of rain, or a need to
disconnect the system for maintenance or repair, that potable water is safely available for all
appliances to avoid inconvenience.

Tanks should be accessible for internal inspection, and the cover should preferably be lockable. For more
guidance on operation and maintenance of RWH systems, see BS 8515:2009+A1:2013.

The maintenance responsibility for an RWH system is usually with the owner of the property, but any
communal systems require the participating community to be informed of the system, as detailed, but also
be provided with information of who the organisation is that is maintaining the system and any financial
commitments and any legally binding maintenance agreement.

TABLE Operation and maintenance requirements for RWH systems
11.6

Inspection of the tank for debris and sediment build-

. . . Annually (and following
up, inlets/outlets/withdrawal devices, overflow areas,

poor performance)

Regular maintenance pumps, filters
Cleaning of tank, inlets, outlets, gutters, withdrawal Annually (and following
devices and roof drain filters of silts and other debris poor performance)
. . . ) Three monthly (or as
Occasional maintenance Cleaning and/or replacement of any filters

required)

Repair of overflow erosion damage or damage to tank As required

Remedial actions
Pump repairs As required
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Green roofs

This chapter provides guidance on the design of green roofs — that
is, roofs with a vegetated surface that provide a degree of retention,
attenuation and treatment of rainwater and promote evapotranspiration.

12.1 GENERAL DESCRIPTION

Green roofs are areas of living vegetation, installed on the top of buildings, for a range of
reasons including visual benefit, ecological value, enhanced building performance and the
reduction of surface water runoff. Types of green roof can be divided into two main categories:

= Extensive roofs, have low substrate depths (and therefore low loadings on the
building structure), simple planting and low maintenance requirements; they tend
not to be accessible.

= Intensive roofs (or roof gardens) have deeper substrates (and therefore higher
loadings on the building structure) that can support a wide variety of planting but
which tend to require more intensive maintenance; they are usually accessible.

A blue roof is a roof design that is explicitly intended to store water. This storage can
be designed as attenuation storage (with water released in a controlled manner), as
storage for use such as irrigation (potentially of adjacent green roof areas), cooling
water (for use in reducing the temperature of the roof on hot days, or for internal cooling
plant) or non-potable use within the building, and/or for recreational opportunities. Blue
roofs can include open water surfaces, storage within or beneath a porous medium

or modular surfaces, or below a raised decking surface or impermeable cover. Green
roofs that include reservoir storage zones beneath the growing medium could also be
termed “blue roofs”. Blue roofs are not considered in detail in this chapter as they are,
essentially, equivalent to other components described in this manual. The key design
considerations are the structural capacity of the roof to deal with the extra loadings and
the waterproofing required to protect the building.

Although green roofs are generally more expensive than conventional roofs to construct
and maintain, they can provide many long-term benefits. The vegetated cover assembly
should be compatible with and designed to protect the underlying roof waterproofing
materials. The design life of the roof waterproofing can be extended by protecting the
waterproofing from mechanical damage, shielding it from ultraviolet radiation, and
buffering temperature extremes.

Green roofs can improve the thermal performance of buildings, potentially reducing building
energy costs, due to the plants and substrate cooling the roof through evapotranspiration
during summer months. Winter insulation properties are dependent on the amount of water
held by the roof, and in wet winters such as in the UK, gains will tend to be low. Green roofs
will help combat the urban heat island effect where there is a sufficient number in an urban
area, as well as contributing to improved air quality by capturing dust particles.

P> Detailed UK guidance for green roofs is provided in Early et al (2007), The
Greenroof Centre (2011) and GRO (2014).

A green roof consists of a system in which several materials are layered to achieve

the desired vegetative cover and drainage characteristics. Design components vary
depending on the green roof type and site constraints, but typically include the elements
shown in Figure 12.1.
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Vegetation Substrate Filter fabric Drainage/ Root barrier Waterproof Roof deck
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Figure 12.1  Section showing typical extensive green roof components

As mentioned earlier, there are two main types of green roof:

Extensive green roofs — These systems cover the entire roof area with hardy, slow growing, drought
tolerant, low maintenance plants (eg mosses, succulents, herbs, grasses) often enhanced with
wildflowers. Planting often establishes more slowly, but the long-term biodiversity can be of high value.
They are only accessed for maintenance and can be flat or sloping. Extensive green roofs typically
comprise a 20—150 mm thick growing medium and can be further divided into “single-layer” systems
(which consist of a single medium designed to be free-draining and support plant growth), and “multi-
layer” systems that include both a growing medium layer and a separate underlying drainage layer. They
are lightweight and low cost to maintain, and can be used in a wide variety of locations with minimal
intervention. They are often suitable for retrofit on existing structures due to their light weight. Biodiverse
extensive green roofs are often planted with a mix of species supported by a range of soil depths.

Intensive green roofs (or roof gardens) — These are designed to sustain more complex landscaped
environments that can provide high amenity or biodiversity benefits. They are planted with a range of
plants including grasses, shrubs and/or trees, either as ground cover or within planters, and may also
include water features and storage of rainwater for irrigation (ie blue roof elements). They are usually
easily accessible, as they normally require a fairly high level of regular maintenance, and in some cases
they are made accessible to the public. Intensive roofs have a deeper substrate, with >150 mm growing
medium, and therefore impose greater loads on the roof structure.

Green roofs with substrate depths of 100—200 mm tend to be semi-intensive roofs, and can include
characteristics of both extensive and intensive roofs, with plants that include shrubs and woody plants.
Irrigation and maintenance requirements of this type of roof will be dependent upon the plant species chosen
for the roof. There are also various combinations of green roof that combine both types in a single roof system.

A comparison of the main differences between extensive and intensive green roof systems is given in
Table 12.1.
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Figure 12.2  The Savill Garden extensive green roof Figure 12.3  British Horse Society sedum blanket
(courtesy Sky Garden)

Figure 12.4 Examples of accessible green roof with intensive and extensive planting, Bishops Square, London
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TABLE Comparison of extensive and intensive green roof systems
121

12.2

236

Access

Not usually accessible

Accessible as public space or garden

Growing medium

Thin growing medium 20—150 mm

Deeper growing medium

suitable for roofs with slope of up to 1 in 3

little or no need for irrigation and
specialised drainage systems

often suitable for retrofits
little management of vegetation
relatively inexpensive

attractive to pioneer species colonisation,
which can lead to a more biodiverse long-
term ecosystem

can support arrested pioneer communities,
which are important for nature conservation

Disadvantages

more stressful conditions for plants, leading
to lower potential diversity and associated
biodiversity

limited insulation provision
limited surface water retention benefits

limited aesthetic benefits

Irrigation Only during plant establishment Occasional to frequent
Maintenance Minimal to none Low to high
Advantages Advantages
= lightweight = more favourable conditions for plants,

leading to greater potential diversity
of plants and habitats

= good contribution to thermal
performance of the building

= can be made very attractive

= often accessible, with opportunities
for recreation and amenity benefits

= good surface water retention capacity

Disadvantages
= greater loading on roof structure

= need for irrigation and drainage
systems requiring energy, water,
materials

= higher capital and maintenance costs

GENERAL DESIGN CONSIDERATIONS

The successful design of a green roof will require collaboration between structural engineers (with
particular respect to the structural capacity of the building to withstand the imposed loads), architects,
landscape architects, ecologists, horticulturists and drainage engineers. It also requires consideration of
the maintenance that will be required. Access to undertake the construction and maintenance easily and
safely should be a high priority in designing the roof.

P> Health and safety risk management design is discussed in Chapter 36.

Important design considerations include:

= accessibility requirements

= biodiversity objectives

= amenity/aesthetic objectives and desired visual impact

= the saturated weight of the system and the load-bearing capacity of the underlying roof deck and structure

= other imposed loads, including maintenance loadings and snow cover

= the need for integration of rooftop equipment, such as vents, air-conditioning systems, solar panels
and/or RWH systems
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= the root penetration resistance of the waterproof membrane or dedicated root protection layer
= resistance to wind shear and negative (uplift) wind pressures

= management of drainage

= growing medium

= suitability of plants

= maintenance management skills, equipment and time input.

SELECTION AND SITING OF GREEN ROOFS

Green roofs can be used on a variety of roof types and on any property size. They can be applied to a
range of rooftop slopes, but steeper pitches will normally mean that less storage capacity is available, and
the water drains away faster, unless the
underlying drainage layer is specifically
designed to capture and control flows.
The greater the volume of water stored,
the greater the potential loadings on the
building — which may be an important
design consideration.

The environmental parameters at the
location where a green roof is to be
installed have to be considered in

the design process. The height of the
roof, its exposure to wind, the roof’s
orientation to the sun and shading by
surrounding buildings during parts of the
day will have an impact on the choice

and suitability of planting. The general
climate of the area and the specific Figure 12.5 Domestic green roofing, Swansea (courtesy Sky Garden)

microclimate on the roof should also

be considered. Views to and from the roof may also determine where certain elements are located for
maximum effect (Section 12.6). Ecological considerations include the bioregion in which the roof lies, the
existing habitats (including any green infrastructure or other ecological networks) and the objectives of
any local biodiversity strategies. Planning objectives may also be relevant (Chapter 7).

Green roofs can be easily retrofitted providing there is sufficient structural capacity in the roof to support
them, and provided that suitable and robust waterproofing can be installed. With careful choice of
materials, lightweight systems can be designed to suit most buildings.

Many new buildings will be able to accommodate green roofs with little or no increased strengthening
because of the current requirement to provide thermal mass, in order to comply with Part L of the
Building Regulations. Even on single ply roof waterproofing systems where ballast is not normally
required, the increase in load from a green roof is unlikely to exceed 20%. Because of structural and
other requirements in British standards and codes of practice, it is possible that an increase in load of this
magnitude could be accommodated without increasing the structural capacity of the roof.

Lightweight industrial buildings may not have sufficient structural capacity to support a green roof,

and this can lead to increased costs where the building has to be reinforced. However, the cost of the
green roof and extra structural provision can be offset against long-term savings in the requirements for
surface water attenuation storage at ground or below-ground level (The Greenroof Centre, 2011) and the
improved thermal performance of the building.

Green roofs can be used together with RWH systems, although the yield from the roof will be significantly
lower than for conventional roofing materials (Chapter 11).
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HYDRAULIC DESIGN

12.4.1 General

Although green roofs absorb most of the rainfall that they receive during frequent events, there will always
be a need to discharge excess water to the building’s drainage system. The hydraulic performance of
green roofs once saturated tends to be fairly similar to standard roofs. Therefore, the hydraulic design of
green roof drainage should follow the advice in BS EN 12056-3:2000. Useful information is also provided
in BS 6229:2003. Detailed guidelines for the planning, execution and upkeep of green roof sites are
contained within GRO (2014).

Green roofs act a little like ordinary pervious surfaces, particularly intensive roofs with significant depths
of substrate. However, this similarity reduces for roofs with shallower substrate and steeper gradients,
which only tend to attenuate runoff during small or initial stages of an event.

Hydraulic design for green roofs should consider two aspects of their performance:

= how the roof is likely to behave during an extreme storm (and its potential contribution to meeting the
hydraulic standard of service for the whole site drainage system), which is likely to be limited

= how the roof is likely to perform through the year, with a focus on the reduction of runoff volume for
the majority of rainfall events (ie Interception).

12.4.2 Interception design

The performance of green roofs in terms of reducing or preventing the runoff from normal rainfall events
is usually very significant in the summer due to the evapotranspiration processes and temporary storage
provided by the roof.

All green roofs can be assumed to meet Interception requirements in the summer, based on their
retention of 5 mm of rainfall. However, roofs are likely to struggle to meet Interception requirements
during cold, wet winter periods when they are likely to be saturated for much of the time. The amount of
rainfall that can be absorbed by a green roof before runoff takes place is very dependent on antecedent
conditions. Thus, any assumptions regarding green roof performance during design storms should take
a conservative position and consider whether the event is in summer or winter. Only an extended time
series analysis will result in a reasonably accurate assessment of its likely performance. Any model
should reflect the characteristics of the proposed green roof, and this might require calibration against
observed data, as there are currently no modelling tools available which specifically represent green roof
runoff. Evidence of green roof performance in reducing runoff from rainfall events is set out in Box 12.1.

It is uncommon to link a green roof to an RWH system, but in some circumstances this may be very
beneficial (eg if the volume of runoff from the site has to be minimised and the demand for non-potable
water is limited compared to the roof area). The colour of water collected from a green roof may preclude
its internal use within the building, but it will be more suitable for irrigation.

P For guidance on RWH system design, see Chapter 11.
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BOX Reported evidence of Interception delivered by green roofs
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Table 12.2 summarises the results of research into the performance of green roofs in reducing
runoff frequencies and volumes.

Table 12.2 ~ Summary of available evidence of performance of green roofs

GSA (2011) 12.5-19 mm (USA) Substrate depth 75—-100 mm

About 12—-15 mm (estimated based on 100% retention
Stovin et al (2012) of rainfall for 1:1 year, 1 hour event in Sheffield, UK 80 mm substrate
and 72% retention for 1:1 year 24 hour event)

Fassman-Beck and | About 20 mm (most frequent result was 0 mm runoff
100-150 mm substrate

Simcock (2013) for events up to 20 mm)

Paudel (2009) 16.5 mm (Detroit, Michigan, USA) 100 mm substrate

Martin (2008) About 10 mm (Ontario, Canada) 100 mm substrate
Note

1 ie no runoff for majority of events up to these depths.

Martin (2008) reported that the reduction in depth and frequency of runoff from a green roof with 100 mm
of substrate is similar to that of a naturally vegetated catchment. For the majority (70—80%) of rain events
there is no runoff from green roofs (Figure 12.6) but for about 10 out of approximately 100 rain days a
year green roofs have a response that is more similar to an impermeable surface (demonstrating the shift
towards impermeable runoff characteristics when the substrate is saturated).

100
[J2004 [E2005 2006 (2007

Number of rain days
&

- Fl 1 1 I
0 0-10 10-20 20-30 30-40 40-50 50-60 60-7T0 70-80 820-90 90-100
% impervious response

Figure 12.6  Distribution of runoff response (0% imperviousness means no runoff) (from Martin, 2008)

Chapter 12: Green roofs

239




12.5

240

CIRIA SuDS Manual 2015

12.4.3 Peak flow control design

Green roofs can provide benefits in terms of reducing peak flow rates to the site drainage system —
principally for small and medium-sized events. Their impact tends to be most significant in summer,
where intense short duration events may generate very little runoff from the roof.

The reduction in the volume of runoff from a green roof for an extreme event is unlikely to impact on
downstream attenuation storage requirements. Critical duration events for developments served by
SuDS are commonly of the order of 12 to 36 hours, which tend to be representative of autumn and winter
conditions, when reductions in runoff volumes from green roofs are likely to be small.

The depth of rainfall that will be stored in any rainfall event is a function of the antecedent soil moisture,
the soil depth, the roof gradient and any specific storage provision designed within the drainage layer.
The proportion of runoff from a green roof will increase as the duration and depth of the storm increases
and the attenuation effects provided by the roof will reduce.

Where the design of the downstream drainage system (eg attenuation storage volumes and conveyance
capacities) is linked to the green roof performance, then the benefits should be explicitly determined using
modelling or evidence-based information. Attenuation can only be guaranteed if it is specifically included
within the design as part of the drainage layer (and with the potential use of throttled outlets).

The storage characteristics of blue roofs will only be a function of the hydraulic controls at the outlet of
the system. Although they can be designed to attenuate flows, any volumetric reduction will be limited
to evaporation. The performance of a blue roof is more predictable than a green roof, as it usually
constitutes a standard arrangement of attenuation storage and throttled outlets.

12.4.4 Volume control design

There is a growing body of evidence that green roofs considerably reduce the volume of runoff in warmer
periods when the soil moisture deficit is high. The type of plants used and soil depths will influence
evapotranspiration rates and available potential storage in the soil. Sedum roofs, due to the nature of the
plants, tend to conserve water and have lower evapotranspiration rates during hot dry conditions (Stovin
et al, 2012). The rate of evapotranspiration also depends on the volume of water stored (ie available)

on the roof. If detailed modelling of roofs is carried out to assess runoff volume reduction accurately,

then the model needs to incorporate an evapotranspiration rate relevant to the planting group, and a soil
store component which adjusts the evapotranspiration rate with the volume of water stored. The rate of
evapotranspiration is often assumed to be 3 mm/day in summer and 0 mm/day in mid-winter, but this may
be lower for sedum roofs.

Blue roofs can also provide a reduction in the volume of runoff due to evaporation, and this process will
be enhanced due to the solar warming of the water because of its shallow depth and exposed location.
This is likely to be more significant in climates warmer than that of the UK.

12.4.5 Exceedance flow design

Every roof structure and all roof drainage design should consider the impact of events that are greater
than the design event, and the risks associated with exceedance flows should be assessed and managed
in an appropriate and safe way, to protect people and property. As wash-off of material could take place
from green roofs, it is also important to assess potential failure mechanisms and their possible impacts.
This assessment should then result in mitigation by either design adaptations or provision of further
mitigation features.

TREATMENT DESIGN

The substrate used in the construction of green roofs should not add pollutants to the rainfall that percolates
through it in a way that some traditional roofing materials (eg copper) can. The pollutant hazard will only be
dependent on atmospheric pollution and will therefore tend to be lower than from hard surfaces.
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Through a variety of physical, biological and chemical treatment processes, within the soil and root
uptake zone, which filter airborne pollutants and pollutants entrained within rainwater, green roofs can
help to reduce the amount of pollution delivered to the local drainage system and, ultimately, to receiving
waters. Green roofs can provide further benefits in terms of moderating the temperature of the runoff
(runoff from impervious surfaces can be very warm during summer months, and high temperature
discharges can have negative effects on receiving water body ecology).

AMENITY DESIGN

Green roofs can be used to provide valuable amenity if the roof is intended to be accessible or is
overlooked. They can improve the roofscape for the surrounding community of office occupiers as well

as users of the green roof space itself, with the variety of planting and habitats creating a more colourful,
aesthetically pleasing and natural environment, particularly in dense urban areas (Figures 12.7 and 12.8).
Blue roofs tend to be constructed below the open space areas on podium decks, so the amenity value will
be defined by the aesthetics and use of this space. The design of green roofs for amenity should follow
standard industry practices for public spaces and accessible roof areas. They can also be integrated with
rainwater harvesting to provide a source of water for landscape irrigation or other non-potable uses.

Figure 12.7  Green roof bus stop, Dundee City Centre Figure 12.8  Green roof bike shelter at Six Acres Estate,
(courtesy University of Abertay) Islington, London (courtesy Green Roof Shelters)

Kanes Food, Evesham

Figure 12.9 Kanes Food wildflower green roof (courtesy Sky Garden)

A new salad factory in rural Worcestershire was required to have minimal impact and blend seamlessly into
the contours of the surrounding Cotswold Hills. Therefore, the curved roof was topped with a 6000 m? wildlife
blanket, consisting entirely of species of native provenance (80 species sown).
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Green roofs can be designed to deliver on a range of amenity principles including:

= climate resilience — through improved building thermal efficiency, reduced energy demand and
reduction of the urban heat island effect

= improved air quality — via the absorption of carbon dioxide, some air pollutants and dust
= reduced noise levels — due to extra acoustic dampening

= increased building service life, and enhanced sales or rental value due to the high aesthetic appeal,
reduced energy costs and the building is associated with sustainable design and social responsibility.

Green roofs have also been shown to enhance the performance of photovoltaic panels where they are
used in combination (Zinco, 2011, and The Biosolar Roof Project: www.biosolarroof.com).

BIODIVERSITY DESIGN

Green roofs can be designed to provide high ecological value. They can help to conserve valuable habitat
and biodiversity and provide an oasis of life in an otherwise sterile urban environment. They can also
contribute to networks, clusters and corridors of green space that connect previously fragmented habitats.

Even in densely populated areas, birds, bees, butterflies and other insects and invertebrates can be
attracted to green roofs and gardens at great heights, which provide them with nesting and foraging
habitats (Johnston and Newton, 2004). Green rooftops can provide a micro “stepping stone” habitat for
birds and insects, connecting natural isolated habitat pockets with each other, or provide an “island”
habitat above those at ground level. Green roofs can be specifically designed to resemble endangered
ecosystems or habitats, by choosing appropriate layouts, designs and planting schemes that will provide
the desired habitat for the species concerned. Compared to conventional roofing, the soil and vegetation
on a green roof should also reduce the risk of raised runoff temperatures. This is particularly important
where the runoff is into sensitive water bodies.

A green roof designed for minimal maintenance means that habitats are less likely to be disturbed and,
with appropriate design, they can provide habitat for a wide range of vulnerable plants and ground-
nesting birds. Habitats can be further enhanced by incorporating artificial nesting sites, such as bat
boxes, bird boxes, bee hives/hotels.

Gedge et al (2012) describes how green roofs can be designed with invertebrates in mind. It suggests
that by doing this the overall ecological value of the green roof can be increased, and other benefits,
notably the attenuation of rainwater and evaporative cooling, can also be increased. The report reviews
over a decade of research on the biodiversity of green roofs in London and Switzerland. It notes that

it is possible to create arrested pioneer vegetation on green roofs, which is similar to some of the

“open mosaic” habitats found on unmanaged brownfield sites. Brownfield sites, which are targeted for
redevelopment by the planning system, often support rich assemblages of invertebrates. The loss of
some brownfield sites can be mitigated, in part, by creating similar habitats on roofs.

The research in Switzerland found that extensive green roofs support a wide range of beetles, spiders and
bees, including many red data book species (IUCN Red List of Threatened Species: www.iucnredlist.org).
Varying the topography on the roofs in Switzerland meant that species associated with both bare dry areas
as well as other species associated with more densely vegetated and damper mounds could occur together.
In London, comparisons between sedum dominated roofs and “biodiverse” roofs with a wider range of plant
species, showed that the number of invertebrate species on sedum roofs, though initially higher, fell over
time as the roofs dried out, whereas the fauna of biodiverse green roof increased as the roofs matured.
Both ubiquitous and specialist invertebrates are found on green roofs and a remarkably high percentage of
species found (over 10%) were locally or nationally scarce or rare.

The guidance recommends that sufficient depth of substrate is used on green roofs (no less than 80 mm)
and that the topography is varied in depth (typically between 80 and 150 mm) in order to provide a range
of habitats for invertebrates (Figure 12.10).
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Figure 12.10 Biodiverse green roof with varied substrate depths (from Gedge et al, 2012)

The use of unscreened spoil or demolition waste

is now discouraged as a growing medium because
of problems with contamination and poor water
holding characteristics. This does not mean that
recycled materials cannot be used. They can be
used if carefully selected and their properties
evaluated for the proposed use. Normally,
commercially available proprietary substrates are
recommended, supplemented in places with sand,
stone, untreated timber or other materials to provide
habitat diversity. It is recommended that biodiverse
green roofs are seeded and plug planted with native
drought-tolerant wild flowers. Self-colonisation in
urban locations is no longer recommended, due to
problems with invasive non-native species, such

as Conyza. Water bodies or ephemerally wet areas
can be provided at roof level in the form of a pond,
undulations or merely as a series of water holding
containers (Figure 12.11).

The addition of photovoltaic panels on a green roof
can provide a complex habitat structure for eg black
redstarts (Phoenicurus ochruros), and microhabitats
for invertebrates.

Figure 12.11 Biodiverse green roof, Unicorn Grocery,
Manchester (courtesy Unicorn Grocery)
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CASE Abbey Hive, Camden, London (from Gedge et al, 2012)
STUDY ¥

Figure 12.12 Abbey Hive biodiverse roof (courtesy Clare Dinham)

A biodiverse roof was installed on the Abbey Hive community building. The roof covered 200 m? and
is split over three levels, including features such as:

= low nutrient, free draining substrate of varying depths (typically 80—150 mm)

= areas of exposed bare ground

= seeded and plug planting using a variety of species beneficial to invertebrates, such as bird’s foot
trefoil (Lotus conriculatus), lady’s bedstraw (Galium verum) and selfheal (Prunella vulgaris)

locally collected wildflower seeds, such as viper’s bugloss (Echium vulgare)

log piles and sandy banks, providing areas for invertebrates to bask, burrow and hunt for prey.

CASE Sharrow School, Sheffield
STUDY
12.3

Figure 12.13 Sharrow School green roof (courtesy The Green Roof Centre)

The 2000 m? roof has been designed to represent the variety of habitats found in Sheffield — Peak
District limestone grassland, wildflower meadows, urban brownfield and a wetland area with a small
pond. Bird tables and insect feeders attract wildlife, and a weather station and webcam have been
installed to provide educational and research opportunities.

The substrate consists of over 200 tonnes of crushed brick, organic greenwaste and limestone. Some
areas were planted with shrubs and flowers while other areas were left to grow naturally.
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PHYSICAL SPECIFICATIONS

12.8.1 Fire resistance

The fire resistance of green roofs should be considered. All openings, vents etc should be protected or
surrounded by non-vegetative materials such as pavers or pebbles or other proprietary fire-retardant
products. The roofs must have adequate resistance to the external spread of fire as required by Building
Regulation B4 (ODPM, 2002) or Regulation 12 in Scottish Government (2004). To achieve this, a risk
assessment should be undertaken, considering factors such as the organic content of the substrate, the
vegetation type and the effects of these on the spread of fire (Wilson et al, 2004). German authorities
only consider extensive roofs to be fire resistant if:

= the substrate/soil is >30 mm deep
= the substrate/soil contains less than 20% organic matter
= there is a 1 m wide gravel or slab fire break every 40 m

= gravel strips are provided around all structures penetrating the roof (FLL, 2002).

P Detailed guidance is set out in the document DCLG (2013).

12.8.2 Insulation

No extra insulation is required for the successful establishment of a green roof, but designers often use
the roof as an opportunity to improve the thermal efficiency of the building. Green roofs may be “cold”
where an air gap separates the membrane from the insulation beneath, or “warm” where insulation covers
the waterproof layer.

12.8.3 Roof pitch

To ensure the minimum finished fall of 1 in 80, as recommended for flat roofs in BS 6229:2003, falls
should be designed to 1 in 40. Falls should be consistently graded, without deflections or depressions.

The construction effort and cost of green roofs tends to increase with roof pitch. For roofs steeper than
1in 10, rapid runoff should be prevented by increasing the retention capacity of the system (using check
dams or cellular storage structures). For roofs steeper than 1 in 5, specific design advice should be
sought to determine appropriate steps that are required to:

= prevent soil slippage and erosion
= provide extra support with cross battens

= provide a raised grid structure to secure the plant growing substrate.

12.8.4 Roof support

The extra load imposed on the underpinning roof structure varies with the type of green roof, but it is
typically within a range of 0.7-5.0 kN/m?2. Intensive green roofs with trees together with an imposed
“crowd” loading can impose loads of up to 10 kN/m?2. The distributed load should account for a saturated
soil (and snow loadings, if appropriate), and live loadings should account for maintenance staff and
equipment, and visitors (if appropriate). Deeper planting beds can often be constructed over internal
columns and walls where a higher overall loading capacity can be provided. The design of the supporting
structure should only be undertaken by an experienced structural engineer.

Uplift pressures from wind are greatest at the corners of a roof, and these may be designated as
vegetation-free zones with pavers used to prevent damage. However, green roofs are no more vulnerable
to this threat than conventional roofing. Trees may require shielding from the wind and/or should be
anchored. On tall buildings, higher wind speeds may increase water loss and/or damage plants through
windburn, and may therefore prove a risk to the long-term survival or plant communities. Barriers (eg
parapet walls) can be used to mitigate these effects.
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12.8.5 Water storage and irrigation

Green roofs should be able to store water and not dry out too quickly. If this is not possible within the soil
substrate, then additional forms of water storage in the base layer can be provided, or irrigation may be
appropriate. Irrigation systems are generally not recommended for extensive roofs, due to the costs and
operation associated with their implementation and management. However, they are often necessary for
intensive roofs. If irrigation is required, base level irrigators that introduce water directly to the root zones
via the drainage layer have the following advantages:

= Roots are encouraged to grow down into the deepest part of the soil medium where temperature and
moisture conditions are most stable.
= Adry surface cover is maintained, thus discouraging the germination of weed seeds.

= Water losses due to evaporation are minimised.
However, if the system blocks, then it may need to be dug up which is likely to be costly.

More sustainable permanent irrigation systems include the use of air conditioning condensate or other
readily-available non-potable supplies.

Provision might need to be made for supplemental irrigation during the first two growing seasons after
installation to ensure plant survival, depending on the location and the types of plants being grown.

On blue roofs or mixed blue/green roofs, water can be stored for irrigation of the surrounding landscape
by either active or passive irrigation systems.

12.8.6 Access and safe working

Stairways, perimeter barriers, safe paths and in some cases lighting and lifts, all built to the relevant
standards, are required if the green roof is to be used by people, whether the public or maintenance staff.
Appropriate provision of safety attachment points and other features should be used to provide a safe
working environment.

12.8.7 Pre-treatment and inlets

There is no requirement for pre-treatment or inlets for a green roof unless irrigation water is being
applied. Standard pre-treatment/inlet requirements will need to be considered for drainage on blue roofs.

12.8.8 Outlets

All types of outlet should be designed in order to minimise the risk of blockage, which could have serious
consequences. They should also be easily accessible for seasonal cleaning and in case of blockage. Detailed
guidance on the capacity and location of rainwater gutters and outlets is given in BS 12056-3:2000. Rainwater
outlets should accept runoff from both the drainage layer and the surface of the system.

Outlets should be separated from the growing medium, preventing the invasion of plant growth and the
entry of loose gravel, as shown in Figure 12.14. Outlets can include flow control systems designed to
control flows into roof downpipes and thus deliver specific attenuation performance.
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Figure 12.14 Example details of outlet from a green roof — subsurface outlet (top), and open outlet (bottom)

MATERIALS
Information on each of the material layers is provided in the following sections.

P Detailed information is provided by Early et al (2007), the Greenroof Centre (2011) and GRO (2014).

12.9.1 Waterproof membrane

A high quality, robust waterproofing layer is required and is a vital component of the system. Waterproof
membranes can be made of a range of materials including reinforced polyvinyl chloride, synthetic rubber,
thermoplastic polyolefins, high density polyethylene, modified asphalts and hypalon.

The waterproofing layer may need to be anchored to the roof to resist wind uplift forces if plastic sheeting
is used. Waterproof membranes should be root resistant and should be adequately protected from
temperature changes and mechanical damage to ensure that the integrity of the lower building fabric is
retained. BS 6229:2003 should be referenced together with other relevant waterproofing specifications.

Care should be taken to ensure reliability of membranes, as repairs are difficult once the green roof is
completed. It is therefore recommended that membranes are electronically tested for leaks, or flood
tested, before the covering elements are installed.

12.9.2 Root barrier

Root barriers are used to prevent roots from damaging the waterproof membrane. Root barriers can often
be avoided through the use of careful waterproofing and appropriate design. The waterproof membrane
manufacturer should be consulted to determine whether or not a root barrier is required.
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12.9.3 The drainage layer

The drainage layer is located over the
waterproofing layer and underlies the
entire green roof. Its principal function
is to drain excess water from the roof,
but it can be designed to retain specific
volumes of water for attenuation, and/
or retain some water for plants to draw
on when rainfall is low. It connects to
gutters and downpipes, typically via
geocomposite/geocellular drainage
systems that are lightweight and provide
efficient drainage.

The layer should have sufficient flow
capacity to carry the necessary volume
of water from the roof. Flow capacity
will depend on a number of factors,

the principal ones being the hydraulic
gradient and the hydrostatic pressure
applied to the geocomposite. The performance specification of the proposed material should be checked
against relevant European Standards (eg BS EN 13252:2001) for the hydraulic gradients and pressures
relevant for the specific application.

Figure 12.15 Installing a green roof outlet with surface overflow
(courtesy Clare Dinham)

A shallow layer of gravel or pebbles over a width of approximately 300—400 mm from the outside
perimeter of the roof is often useful, providing protection for the vegetation from wind vortices, extra
drainage close to outlets, fire control and access to the roof edges for maintenance (Figure 12.15).

12.9.4 Geotextile filter layer

Geotextiles prevent clogging of the drainage layer by separating it from the growing medium above. It
should have zero breakthrough head (ie water discharges through it without building up on the upstream
side) so that it does not impede the passage of water. It is essential to mark the position of the roof outlets
before installing the protection layer, so that they can be easily located and the filter layer cut accordingly.
Reliable detailing at points where the filter layer is penetrated, for example by pipework, and perimeter
areas with durable protection is critical.

12.9.5 Soil or growing medium

The depth of soil medium and the material used should be selected to support the vegetation proposed.
An important design consideration is balancing the benefits associated with greater depths of soll
against the extra structural loadings that this imposes. Typically a minimum of 80 mm thickness is
acceptable to give a reasonable variety of plants, although greater depths contribute to wind stability,
increase insulation effect, increase rainfall storage and protect the roots from frost damage. The depths
appropriate for various types of vegetation are summarised in Table 12.3.

Low density soils with good water retention and reasonable fertility are required, and mixtures of organic
and mineral material (for example, recycled crushed brick or pumice) are suitable. Appropriate materials
need to be:

= reasonably water permeable

= water and air retentive

= resistant to decay, heat, frost and shrinkage

= suitable in terms of nutrient content

= a good rooting medium.
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Normal topsoil is too heavy and too nutrient rich for use on green roof systems and has a tendency to
clog the filter layer. The growing medium should be carefully formulated so that it is light but provides
for the oxygen, nutrient and moisture needed by the plants that the roof aims to support. An appropriate
specification for soil for use on extensive roofs is provided in Table 12.3.

TABLE Green roof substrate specifications (from GRO, 2014)

12.3
Physical property Extensive Intensive
Particle size < 0.063 mm (fines) < 15% (by mass) < 20% (by mass)
Particle size > 4.0 mm < 50% (by mass) <40% (by mass)
Maximum water holding capacity (MWHC) = 25% < 65% (by volume) 2 45% (by volume)
Air content at MWHC = 10% (by volume) 2 10% (by volume)
Water permeability 0.6—70 mm/min 0.3—-30 mm/min
pH value 6.0-8.5 6.0-8.5
Organic content <659g/1 <909/

12.10 LANDSCAPE DESIGN AND PLANTING

The rooftop microclimate is a difficult environment for plants to survive in, and the advice of a landscape
architect or similar professional with experience of green roofs is essential. The vegetation has to deal
with periodic rainfall alternating with hot and dry periods. Plants also have to contend with high winds and
low winter temperatures (which is not ameliorated by the ambient heat stored in the ground).

To be able to survive, vegetation should have the following attributes:

= perennial or self-sowing

= drought tolerant, requiring little or no irrigation after establishment

= preference for well-drained soils

= rapid establishment

= self-sustaining, without the need for fertilisers, pesticides or herbicides

= ability to withstand heat, cold and high winds

= ability to tolerate poor soil

= low maintenance — needing little or no mowing or pruning
Some of these attributes may not be so relevant for intensive roofs where regular maintenance and
irrigation can be provided, and where the depth of growing medium is less constrained. The choice
of plants also depends on the other layers in the roof design (and vice versa) and on sun and shade
conditions. In many cases there may be very good reasons to promote a wide range of plants, for
example to improve water storage, improve evapotranspiration, enhance the aesthetics of the roof or
encourage biodiversity. The use of a wider range of plants is dependent on other layers in the system
and the accessibility or visibility of the roof. Claridge and Edwards (2012) suggest that planting a green
roof with different species that have high water uptake rates under different soil moisture conditions

can improve green roof performance. Suggestions for relevant plants with increasing depth of growing
medium are given in Table 12.4.
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TABLE Planting for green roofs (from Dunnett, 2003)
12.4

Inaccessible/not Inaccessible/visible | Inaccessible/visible
overlooked from a distance from a close distance

Accessible

Simple sedum/moss Simple sedum/moss Simple sedum/moss Simple sedum/moss

0-50 mm " " L L
communities communities communities communities
Dry meadow Dry meadow Dry meadow
communities/low communities/low communities/low
rowing drought rowing drought- rowing drought-
50-100 mm ¢} g g ‘ ¢} g g ‘ ¢} g g ‘
tolerant perennials, tolerant perennials, tolerant perennials,
grasses and alpines, grasses and alpines, grasses and alpines,
small bulbs small bulbs small bulbs
Semi-extensive . )
. Semi-extensive
mixtures of low . .
medium drv habitat mixtures of low medium
iu i
100-200 mm . Y dry habitat perennials,
perennials, grasses
grasses and annuals,
and annuals, small
hardy shrubs

shrubs, lawn/turf grass

Medium shrubs, edible
200-500 mm plants, generalist
perennials and grasses

Small deciduous trees

> 500 mm
and conifers

Further planting guidance is provided by Early et al (2007), The Greenroof Centre and GRO (2014).
There are four basic methods of installing green roof vegetation:

= Pre-grown vegetation mats: These are pre-germinated mats that provide immediate full plant
coverage and erosion control. These have minimal weed problems and require little maintenance,
but may need some watering during the establishment period.

= Plugs or potted plants: These may provide more flexibility, but coverage takes longer, and erosion
may be a risk. They will require watering and weeding during establishment.

= Cuttings/sprigs: These have to be hand planted, and require weeding, erosion control and
watering initially.

= Seeds: These have to be hand or machine planted, and require weeding, erosion control and
watering initially.

= Self-seeding: Green roofs can be left to colonise naturally.
Intensive green roofs can be landscaped and managed to suit local aesthetic and community
requirements. Extensive green roofs tend to provide less conventional aesthetics. In practice, green

roofs in city centres are not obvious to most passers-by, although they can be overlooked by high-rise
buildings. Use of green roofs in suburban areas tend to use pitched roofs which are more visible.

12.11 CONSTRUCTION REQUIREMENTS

P> Advice on constructing green roofs is provided in Early et al (2007), The Greenroof Centre and
GRO (2014).
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Correct application of the waterproof membrane is essential to the viability of the green roof. Quality
control must be assured through the use of certified roofing procedures and an electronic water leakage
test immediately following membrane application to ensure that the surface is impermeable.

Temporary ballasting of individual components may be required during construction to prevent uplift
due to wind. The growing medium should be protected from over-compaction during construction, and
mulch, mat or other measures to control erosion of the growing medium should be maintained until 90%
vegetation coverage is achieved. The growing medium and separation fabric should be isolated from
sedimentation during construction.

Safe access is required for construction of the green roof, and also for all activities in areas beneath
the roof. Ideally, the roof should be installed when no follow-on trades need access to the roof after
installation, in order to reduce the risk of damage.

P> Further detail on construction activities and the programming of construction activities is provided in
Chapter 31.

P> Generic health and safety guidance is presented in Chapter 36.

A construction phase health and safety plan is required under the Construction (Design and
Management) Regulations (CDM) 2015. This should ensure that all construction risks have been
identified and eliminated/reduced and/or controlled where appropriate.

OPERATION AND MAINTENANCE REQUIREMENTS

Intensive green roofs are likely to require regular inspection and maintenance. Grassed areas may require
mowing weekly or fortnightly, plant beds may require weeding on a weekly or fortnightly basis during

the growing season, and wildflower meadows may require annual mowing with the cuttings removed.
Extensive green roofs should normally only require biannual or annual visits to remove litter, check fire
breaks and drains and, in some cases, remove unwanted invasive plants. The most maintenance is
generally required during the establishment stage (12 to 15 months), and this should usually be made the
responsibility of the green roof provider. Maintenance contractors with specialist training in green roof
care should be used, where possible.

Table 12.5 provides guidance on the type of operational and maintenance requirements that may be
appropriate. The list of actions is not exhaustive and some actions may not always be required. Actual
requirements will depend on the planting, the desired aesthetic and visual effect and the biodiversity
objectives for the system. Maintenance specifications and schedules should therefore be specified for
any individual green roof.

If mechanical systems are located on the roof, then spill prevention measures should be exercised to
ensure that roof runoff is not contaminated. The mechanical system area should be bunded and provided
with separate drainage.

All maintenance actions carried out at roof level must be in full compliance with the appropriate health
and safety regulations, and particularly those specifically dealing with working at height. Training and
guidance information on operating and maintaining the roof should be provided to all property owners and
tenants. Safety fastenings will be required for personnel working on the roof.

Access routes to the roof should be designed and maintained to be safe and efficient, and walkways
should always be kept clear of obstructions. Secure points for harness attachments should be provided

when access near to the roof edges is required.

Specific maintenance needs of the green roof should be monitored and maintenance schedules adjusted
to suit requirements.
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TABLE Operation and maintenance requirements for green roofs
12.5

Regular inspections

Inspect all components including soil substrate,
vegetation, drains, irrigation systems (if applicable),
membranes and roof structure for proper operation,
integrity of waterproofing and structural stability

Annually and after severe
storms

Inspect soil substrate for evidence of erosion channels
and identify any sediment sources

Annually and after severe
storms

Inspect drain inlets to ensure unrestricted runoff from the
drainage layer to the conveyance or roof drain system

Annually and after severe
storms

Inspect underside of roof for evidence of leakage

Annually and after severe
storms

Regular maintenance

Remove debris and litter to prevent clogging of inlet
drains and interference with plant growth

Six monthly and annually
or as required

During establishment (ie year one), replace dead plants
as required

Monthly (but usually
responsibility of
manufacturer)

Post establishment, replace dead plants as required
(where > 5% of coverage)

Annually (in autumn)

Remove fallen leaves and debris from deciduous plant
foliage

Six monthly or as required

Remove nuisance and invasive vegetation, including weeds

Six monthly or as required

Mow grasses, prune shrubs and manage other planting
(if appropriate) as required — clippings should be
removed and not allowed to accumulate

Six monthly or as required

Remedial actions

If erosion channels are evident, these should be stabilised
with extra soil substrate similar to the original material,

As required
and sources of erosion damage should be identified and .
controlled
If drain inlet has settled, cracked or moved, investigate .
As required

and repair as appropriate

P Further detail on the preparation of maintenance specifications and schedules of work is given in

Chapter 32.

CDM 2015 requires designers to ensure that all maintenance risks have been identified and eliminated,
reduced or controlled where appropriate. This information will be required as part of the health and safety file.

P Generic health and safety guidance is presented in Chapter 36.
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Infiltration systems

This chapter provides guidance on the design of infiltration systems —
systems that are designed specifically to promote infiltration of surface
water runoff into the ground. This includes soakaways, infiltration
trenches, infiltration blankets and infiltration basins.

» Guidance on the suitability of using infiltration, testing and design methods is provided
in Chapter 25.

» Appendix C, Section C.5.1 demonstrates how to design a residential soakaway.

13.1 GENERAL DESCRIPTION

There are many different types of drainage component that can be used to facilitate
infiltration. These include soakaways, infiltration trenches, infiltration blankets and
infiltration basins. Bioretention systems and pervious pavement can also be designed to
allow infiltration from their bases (Chapters 18 and 20 respectively).

Infiltration can contribute to reducing runoff rates and volumes while supporting
baseflow and groundwater recharge processes. The rate at which water can be
infiltrated depends on the infiltration capacity (permeability) of the surrounding soils.

Soakaways are excavations that are filled with a void-forming material that allows

the temporary storage of water before it soaks into the ground. Historically, 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. Many small soakaways are now constructed with geocellular
units available from builders’ merchants pre-wrapped in geotextile. The geocellular units
provide good overall storage capacity compared to rubble fill, and they allow the size of
the structure required for any application to be minimised.

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 maintenance
(although any gravel surround cannot be inspected or easily maintained). When
considering the use of geocellular systems, the long-term structural integrity, acceptance
for adoption by the SuDS system asset owner/operator and the anticipated service life of
the asset should be addressed.

Figure 13.1 shows the characteristics of a typical geocellular soakaway with pre-

treatment for a larger system and Figure 13.2 shows a precast concrete system.
Alternative configurations for geocellular systems are described in Chapter 21.
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Geotextile (with
permeability greater than
that of the surrounding soil)

Pipe connected into cut-out in side of tank Geocellular units
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Figure 13.2 Soakaway details — concrete ring soakaway
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Concrete base slab

Infiltration trenches are simply linear soakaways. The advantages of trenches over cuboid soakaways
is that they can often be kept shallower and, in variable soils, can help distribute the infiltration area so
that the impact of less permeable areas of soil is less pronounced. A perforated pipe can be included, if
required, to distribute water along the trench. Details are shown in Figure 13.3.

Infiltration basins are flat-bottomed, shallow landscape depressions that store runoff (allowing
pollutants to settle and filter out) before infiltration into the subsurface soils.

Schematics for infiltration basins are shown in Figures 13.4 and 13.5.
Infiltration blankets are large shallow systems that are typically constructed using permeable aggregate

or geocellular units that act as extensive soakaway systems. Examples include below car parks where the
storage layer is part of the car park pavement construction, below playgrounds or below sports pitches.
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Trees are beneficial in infiltration basins as they help maintain infiltration rates of the soil. However, the
design should ensure the trees selected are capable of thriving in the conditions likely to be present in
the basin.

Geotextile (with permeability greater than
that of the surrounding soil}

Suitable fill materials:
= Type B filter material
= 10mm pea gravel
= 4-A0mm aggregate in accordance with BS7533-13
Fill material to have porosity to suit design assumptions

Inspection pipe

Infiltration

Figure 13.3 Infiltration trench

Easement for Consider planting
maintenance access denser shrubs at inlet Excesdance route
{and around basin as

required)

Inlet, &g swale,
pipe or channel

Erosion protection, flow spreader and Shallow and variable

silt trap (if necessary), eg granite set side slopes to suit
channel, apron or gabion mattress landscape design
(typically 1:3 max)

Figure 13.4  Plan view of infiltration basin
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Inlet feature to suit visual Consider planting
character and maintenance  denser shrubs at inket
requirements, eg headwall,
timber wall, chamfered inlet

Maximum design water level

Inlet, eg swale, Erosion protection, flow spreader Engineered sail mix Shallow and variable side
pipe or channel and silt trap (if necessary), eg to improve durability slopes to suit landscape
granite set channel, apron or (300mm layer) design (typically 1:3 max)

gabion mattress
Figure 13.5  Elevation of infiltration basin

GENERAL DESIGN CONSIDERATIONS

Infiltration systems facilitate the discharge of surface water runoff to the ground and ultimately into
groundwater. It is therefore crucial that any runoff is suitably clean before entering the infiltration
component so that the groundwater is not put at risk of contamination.

The performance of infiltration systems is dependent on the infiltration capacity of the surrounding soils
and the depth to groundwater. Effective upstream pre-treatment is required to remove sediment and silt
loads to prevent long-term clogging and subsequent failure of the system. Construction best practice
(Section 13.11) is also crucial to preventing damage to the subsoil structure (and permeability) before
commissioning of the system.

Figure 13.6  Large infiltration basins, Ipswich (courtesy  Figure 13.7  Small infiltration basin, Cambourne
Graham Fairhurst) (courtesy lliman Young)

A minimum distance of 1 m between the base of the infiltration system and the maximum likely
groundwater level should always be adopted. This is to minimise the risk of groundwater rising into

the infiltration component and reducing the available storage volume, to protect the functionality of the
infiltration process by ensuring a sufficient depth of unsaturated material and to protect the groundwater
from any contamination in the runoff.

The following issues should be assessed as part of the design process for infiltration systems:

= risk of ground instability, subsidence or heave due to infiltration
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= risk of slope instability or solifluction due to infiltration

= risk of groundwater pollution from mobilising existing contaminants on the site
= risk of pollution from infiltrating polluted surface water runoff from the site

= risk of groundwater flooding due to infiltration

= risk of groundwater leakage into the sewers, basements, tunnels or other structures due to
promoting infiltration on the site.

The evaluation and management of these risks is discussed in detail in Chapter 25. The design should
ensure that, after construction, the residual risks will be acceptable.

The bottom of any infiltration system should be flat to provide uniform ponding and infiltration of the runoff
across the surface. The tolerance on the base levels should be a maximum level difference of 10 mm in 3 m.

The side slopes of infiltration basins should normally be no steeper than 1 in 3 to allow for vegetative
stabilisation, mowing, access and for public safety reasons. However, this requirement may be relaxed
if a basin is very shallow (eg less than 500 mm deep). Stepped or benched slopes also offer a range of
habitats that can survive fluctuating water levels and wet to dry soil conditions.

Where the temporary storage of water occurs on the surface in open features (ie infiltration basins), the
depths and rate of rise of the water should be sufficiently low such that risks posed by the water body are
minimised for site users and operators (taking into account the temporary nature of the storage facility
which will mean that users are not accustomed to its presence). A risk assessment should be undertaken
of the frequency and rate of flooding to a range of inundation depths in order that public safety is not put
at risk (Chapter 36). Flatter slopes tend to improve the aesthetics, at the expense of extra land-take.
There should always be appropriate access to the infiltration basin for maintenance activities such as
grass cutting and rehabilitation of the infiltration surface. Where trees are planted in basins they should
not prevent access or deter future maintenance (eg because of root protection zones).

Any inspection chambers should aim to allow maintenance from the surface without requiring man entry.

P> Health and safety risk management design guidance is presented in Chapter 36.

SELECTION AND SITING OF INFILTRATION COMPONENTS

Soakaways are best suited to the infiltration of runoff from small areas such as roofs of residential
housing.

Infiltration components can often be retrofitted into existing developments, to drain small areas such

as private driveways and roof drainage, providing there is sufficient offset from structures, slopes etc
(Chapter 25). On sloping sites they may be able to be designed as a series of smaller units, rather than
one large system, that are located on plateaus within the site (eg parking areas). They can also be used
to manage overflows from water butts and other rainwater collection systems. The subsurface infiltration
components require no net land-take. They can be built in many shapes and sizes and can often be
accommodated within high-density urban developments. However, it is usually not desirable to use
“open-access” infiltration basins within public open space that involves a lot of pedestrian traffic, due to
the risk of deterioration of the performance of the infiltration surface due to compaction of the surface
soils. Infiltration systems should not normally be used to drain landscaping or other areas with high risks
of soil erosion and loadings, due to the risk of sediment blockage and clogging of the soils surrounding
the component.

P Constraints on the use and siting of infiltration systems are discussed in Chapter 25.
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HYDRAULIC DESIGN

13.4.1 General

Infiltration systems should be designed to manage storms up to the design standard of service required
for the contributing catchment area: this could be the 1:10 or 1:30 year storm, or larger. As discharge
criteria from a development site are usually based on a 1:100 year event plus an allowance for climate
change, the performance of infiltration systems under such conditions needs to be known. For ease of
design, and to minimise the occurrence of surface flooding within the development, this may result in the
soakaways being designed to manage the 1:100 year event (plus climate change allowance).

P> The design of infiltration components should follow the advice in Chapter 25.

The infiltration component should discharge from full to half-full within a reasonable time so that the risk
of it not being able to manage a subsequent rainfall event is minimised. Where components are designed
to manage the 1:10 year or 1:30 year event, it is usual to specify that half emptying occurs within 24
hours. If components are designed to infiltrate events greater than the 1:30 year event, designing to half
empty in 24 hours can result in very large storage requirements and, with agreement from the drainage
approving body, it may be appropriate to allow longer half emptying times. This decision should be based
on an assessment of the performance of the system and the risk and consequences of consecutive
rainfall events occurring.

P The procedures outlined in Chapter 25 should be followed for the hydraulic design of infiltration
components.

13.4.2 Interception design
Infiltration can play an important role in providing Interception — the capture and retention of the first 5 mm
of any rainfall event, even on sites with low infiltration rates.

P Further guidance on Interception is provided in Section 24.8.

13.4.3 Peak flow control design

Infiltration reduces required attenuation storage volumes. The extent of this reduction for any return
period will be dependent on the design standard of service, the volume of storage provided and the
infiltration capacity of the surrounding soils.

P Guidance on designing for attenuation storage is provided in Section 24.9.

13.4.4 Volume control design

Infiltration reduces the volume of runoff. The extent of this reduction for any return period will be
dependent on the design standard of service and the infiltration capacity of the surrounding soils.

13.4.5 Exceedance flow design

Infiltration components should be designed so that exceedance flows are managed effectively. An
exceedance flow route or temporary storage area (eg an open space or external area) will be required for
rainfall events that exceed the design capacity of the infiltration system. This can be achieved by installing
an overflow pipe above the design water storage level of the infiltration systems and conveying runoff
flows downstream or by effective management of volumes of water that surcharge the system.

P> Guidance on exceedance design is provided in Section 24.12.
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TREATMENT DESIGN

The acceptability of infiltration design, from a groundwater protection perspective, will depend on the
extent of the likely runoff contamination and site and ground characteristics. An evaluation should be
undertaken using the water quality risk assessment (Section 26.7). A depth of at least 1 m of unsaturated
soils that are not clean gravels or similar with high permeabilities, and/or are not fractured deposits with
rapid flow routes (preferably with some organic and clay content) are known to provide good protection to
underlying groundwater.

Sedimentation tends to occur within the temporary storage area — and an allowance should always be
made for this or, preferably, upstream SuDS components put in place to remove sediment before entering
the component.

The deeper an infiltration system is, the greater the risk of bypassing the protective upper soil layers and
decreasing the distance to the water table. This can lead to an increased risk of groundwater pollution.
In this respect shallow and dispersed systems are usually best. Geotextile layers can be used within
infiltration components for additional trapping of surface water runoff particulates and hydrocarbons.

P> Section 26.6.3 sets out the key processes that have been found to be important for groundwater
protection from urban runoff.

AMENITY DESIGN

Soakaways and trenches do not usually have any inherent amenity value, but subsurface systems can
promote the multi-functional use of space by allowing the overlying surface to be used for recreation or
other amenity facilities.

The use of infiltration basins as amenity features needs to be balanced against the increased
maintenance requirements this can cause. If the basin is purely aesthetic or biodiverse and is not used

as an active or passive recreation space then there is no real increase in maintenance. If the surface is
going to be used by pedestrians or used for playing informal sports, this can cause the surface to become
compacted and require more frequent maintenance to maintain the infiltration capacity. Engineered soils
on the surface are less likely to be adversely affected and lose infiltration capacity. Planting trees and
shrubs rather than just grass, and mulching the surface layers will also help maintain the infiltration rates
(although the presence of trees should not impede future maintenance — Section 13.2).

Basins should be designed with shallow side-slopes and benching, which will help mitigate safety risks
and also provide for biodiversity and habitat creation. The form and aesthetic appearance of the facility
will depend on specific site characteristics, local public concerns, and development design criteria.
Fencing is generally not desirable as it may reduce the amenity benefits provided by the infiltration facility,
provide a barrier to easy maintenance and provide a trap where litter and dead vegetative material could
collect. Where fences are required, they should be low (toddler-proof), but facilitate movement of wildlife.

P More information about the need for fences around SuDS is provided on the Susdrain website:
www.susdrain.org and in Chapter 36.

P Community engagement is discussed in Chapter 34.

P Landscape and planting best practice is presented in Chapter 29.

BIODIVERSITY DESIGN
The ecological value of the system can be enhanced by diversifying the planting (eg including trees,

woody shrubs, wildflower mixes — Chapters 6 and 29) or by including bioretention areas within the
design.
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PHYSICAL SPECIFICATIONS

For soakaways, the void should (where required) be separated from the surrounding soil using a suitable
geotextile. This will support the soil around the soakaway and prevent the ingress of backfill material into
the top of the soakaway during and after surface reinstatement. Characteristics of the geotextile should
suit the surrounding soil particle size and permeability.

P> Guidance on suitable geotextile specifications is given in Section 30.5.

Soakaways should be of sufficient strength to cater for the loads acting on them during construction
and during their service life, especially where they are required to be traffic bearing. The long-term
strength of materials should be carefully considered. The design and specification of geocellular
soakaways should follow the guidance in Chapter 21 regarding structural design and material
specification. Precast concrete manholes should be subject to the normal structural design/
specification for concrete drainage structures.

13.8.1 Pre-treatment and inlets

Infiltration components can be susceptible to high failure rates due to clogging from sediments and
therefore require effective pre-treatment to remove as much of both the suspended solids and fine
silts from the runoff as possible, before they enter the system. Silt that causes clogging of infiltration
systems is mainly < 6 um diameter which is very small (Siriwardene et al, 2007). Designs should
ideally incorporate “multiple pre-treatment”, using practices such as swales, sediment basins and
filter strips in series upstream of the infiltration basin to minimise the risks. However, often this is not
practical and for a small soakaway serving a roof, a small catchpit may be the only pre-treatment that
can effectively be provided.

An infiltration component can be designed offline to provide volume control in larger events. This means
that low flows do not enter the system (which minimises the risk of clogging, but means the component
cannot deliver Interception for the contributing catchment).

Inlet channels to infiltration basins should be stabilised using appropriate erosion control, such as rip-rap,
although in a well-designed system, flows will be low and erosion protection requirements should be
minimal. A level spreader should also be provided at the inlet to the basin from the pre-treatment system
to promote shallow sheet flow into the basin, which will maximise pollutant removal opportunities, and
reduce the risks of erosion.

13.8.2 Outlets

Overflow of excess surface water runoff can be via a piped outlet or overflow or from the top of the
soakaway, if considered appropriate, or a weir overflow from a basin. The overflow should not impede
access to any inlet/outlet/control structure that manages more frequent flows.

MATERIALS

The materials used in infiltration components are mainly aggregate, geotextiles and engineered soils
such as root zone or amended soils for simple bioretention systems.

Top soils or engineered soils used in infiltration basins should be sufficiently permeable. The minimum
permeability assumed in the design should be stated, and the material should be tested after it has been

placed in accordance with the method described for bioretention soils in Chapter 18.

P Further information on engineered soils and filter media is provided in Chapters 30 and 18.
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LANDSCAPE DESIGN AND PLANTING

Infiltration basins are typically grassed structures, but some additional vegetation can enhance the
appearance of the basin, stabilise side slopes and prevent erosion, and serve as wildlife habitat.
Planting should be designed to suit the specific anticipated site conditions which will vary from wet to
dry conditions. Native plants and vegetation may be preferable and more hardy to survive expected
fluctuations in soil water levels.

Vegetation also increases the effectiveness of infiltration by slowing the flows across the basin and by
maintaining or enhancing the pore space in the underlying soils via deeper rooting systems. Dense
vegetation such as shrubs and mulching will also minimise the risk of clogging of surface soils (Emerson
and Traver, 2008).

Any planting in an infiltration basin should be able to withstand periods of ponding and lengthy dry
periods . In order to reduce maintenance requirements and increase aesthetic and biodiversity value,
planting with wild flower meadow mixes can be considered (Chapter 29).

Infiltration components can attract the roots of plants growing in their vicinity — particularly if the plants
do not have a separate supply of water. This is, to a certain extent, an advantage as plant roots take

up extra water from the system and roots provide extra openings in the surrounding soil for water to
infiltrate. However, too vigorous root intrusion into subsurface systems, especially from larger shrubs and
trees, should be kept in check as it can fill a significant percentage of the void space required for runoff
attenuation and can also cause structural damage.

Fertilising and the application of herbicides to an infiltration system should be avoided to minimise the risk
of pollutants and nutrients entering the groundwater.

P Landscape design and planting best practice is presented in detail in Chapter 29.

CONSTRUCTION REQUIREMENTS

Many reported failures of infiltration systems can be attributed to poor design, inappropriate soils and
careless construction. The construction process therefore needs careful planning and implementation to
ensure that it does not adversely affect the infiltration performance of the systems.

Further detail on construction activities and the programming of construction activities is provided in
Chapter 31.

P Generic health and safety guidance is presented in Chapter 36.

A construction phase health and safety plan is required under the Construction (Design and
Management) Regulations (CDM) 2015. This should ensure that all construction risks have been
identified and eliminated/reduced and/or controlled where appropriate.

13.11.1 Soakaways, trenches and blankets

Soakaways, trenches and blankets should not be used for untreated drainage from construction sites,
where runoff is likely to contain silt, debris and other pollutants.

Perforated, precast concrete ring soakaways should be installed within a square pit, with side dimensions
about twice the selected ring diameter. The need to oversize the soakaway pit for the purposes of
constructing the ring unit chamber may be used to advantage by incorporating the total excavation
volume below the discharge invert in the design storage volume (BRE, 1991). Excavations should be
backfilled with a suitable permeable aggregate material such as Type B filter material, pea gravel or 4/40
aggregate in accordance with BS 7533-13:2009) — see Chapter 20 and Chapter 30.
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Some normally highly permeable soils and soft rocks (eg chalk) can have their permeability significantly
reduced by “smearing” of the surface during excavation, especially by mechanical diggers. It is
recommended that the exposed surface of the soil is manually cleaned of any smearing before the
geotextile and granular fill surrounding any infiltration system are installed.

13.11.2 Infiltration basins

Where possible, construction of infiltration basins should take place after the site has been stabilised,
in order to minimise the risk of premature system failure due to high sediment loadings in runoff from
disturbed ground. If this is not possible, then initial excavation should be carried out to within 450 mm
of the basin floor, and final excavation should be delayed until after site stabilisation. It is essential that
infiltration basins should not be used to manage construction runoff and trap construction sediments.

Topsoil should not be laid in basins when the ground or the topsoil is saturated. This may be a constraint
to the use of infiltration basins if the construction programme is particularly tight.

All excavation and levelling should be performed by equipment with tracks that exert very light pressures,
to prevent compaction of the basin floor, which may reduce infiltration capacity. Before and after
construction, other vehicular movements should be prevented.

The base of the basin should be carefully prepared to an even grade with no significant undulations. The
surface soils within the basin should not be smeared or compacted during construction. After final grading,
the basin floor should be tilled to a depth of 150 mm to provide a well-aerated, porous surface texture.

Backfilling against inlet and outlet structures needs to be controlled to minimise settlement and erosion.
The topsoils used to finish the side slopes need to be suitably fertile, porous and of sufficient depth to
ensure healthy vegetation growth.

Immediately following basin construction, the base and side slopes should be stabilised with a dense
coverage of water-tolerant grass.

OPERATION AND MAINTENANCE REQUIREMENTS

Infiltration systems will require regular maintenance to ensure continuing operation to design performance
standards, and all designers should provide detailed specifications and frequencies for the required
maintenance activities along with likely machinery requirements and typical annual costs — within the
Maintenance Plan. Different designs will have different operation and maintenance requirements, and this
section gives some generic guidance for different system types.

13.12.1 Soakaways, trenches and blankets

The design of soakaways, infiltration trenches and blankets should include monitoring points where the
water level in the system can be observed or measured. This can either be via an inspection well or
inspection cover (where the attenuation storage space is a void). For larger installations the inspection
access should provide a clear view of the infiltration surface (even if the storage zone is filled). For small,
filled soakaways, a 50 mm perforated pipe is adequate.

The useful life and effective operation of an infiltration component is related to the frequency of
maintenance and the risk of sediment being introduced into the system.

An easement should be considered where multiple properties discharge to a single soakaway, to ensure
long-term access for maintenance purposes.

Table 13.1 provides guidance on the type of operational and maintenance requirements that may
be appropriate for soakaways. The list of actions is not exhaustive and some actions may not
always be required.
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TABLE Operation and maintenance requirements for soakaways
13.1

Regular maintenance

Inspect for sediment and debris in pre-treatment
components and floor of inspection tube or chamber
and inside of concrete manhole rings

CIRIA SuDS Manual 2015

Annually

Cleaning of gutters and any filters on downpipes

Annually (or as required
based on inspections)

Trimming any roots that may be causing blockages

Annually (or as required)

Occasional maintenance

Remove sediment and debris from pre-treatment
components and floor of inspection tube or chamber
and inside of concrete manhole rings

As required, based on
inspections

Remedial actions

Reconstruct soakaway and/or replace or clean void fill,
if performance deteriorates or failure occurs

As required

Replacement of clogged geotextile (will require
reconstruction of soakaway)

As required

Monitoring

Inspect silt traps and note rate of sediment
accumulation

Monthly in the first year
and then annually

Check soakaway to ensure emptying is occurring

Annually

Maintenance will usually be carried out manually, although a suction tanker can be used for sediment/
debris removal for large systems. If maintenance is not undertaken for long periods, deposits can become
hard-packed and require considerable effort to remove.

Replacement of the aggregate or geocellular units will be necessary if the system becomes blocked
with silt. Effective monitoring will give information on changes in infiltration rate and provide a warning of
potential failure in the long term.

Roads and/or parking areas draining to infiltration components should be regularly swept to prevent silt
being washed off the surface. This will minimise the need for maintenance.

Maintenance responsibility should be placed with an appropriate organisation, and maintenance
schedules should be developed during the design phase.

P> Generic health and safety guidance is presented in Chapter 36.

CDM 2015 requires designers to ensure that all maintenance risks have been identified and eliminated/
reduced and/or controlled where appropriate. This information will be required as part of the health and

safety file.

13.12.2 Infiltration basins

Regular inspection and maintenance is important for the effective operation of infiltration basins as
designed. Maintenance responsibility for an infiltration basin and its surrounding area should be placed
with a responsible organisation.

Regular mowing in and around infiltration basins is only required along maintenance access routes, amenity
areas (eg footpaths), across embankments and across the main storage area. The remaining areas can
be managed as “meadow” or other appropriate vegetation, unless additional management is required for
landscaping purposes. Grass cutting may need to accommodate specific sward mixes and specialist seed
or turf supplier recommendations. As described earlier in this chapter, deep-rooting vegetation can maintain
infiltration rates and minimise the need for remedial maintenance. All vegetation management activities
should take account of the need to maximise biosecurity and prevent the spread of invasive species.
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Adequate access should be provided to the infiltration basin for inspection and maintenance, including
for appropriate equipment and vehicles such as mowing equipment. Table 13.2 provides guidance on the
type of operational and maintenance requirements that may be appropriate for infiltration basins. The list
of actions is not exhaustive and some actions may not always be required.

TABLE Operation and maintenance requirements for infiltration basins
13.2

268

Remove litter, debris and trash Monthly

Monthly (during growing

Cut grass — for landscaped areas and access routes .
season) or as required

Regular maintenance Half yearly: spring (before
Cut grass — meadow grass in and around basin 'y y: spring (
nesting season) and autumn

. . Monthly at start, then as
Manage other vegetation and remove nuisance plants

required
Reseed areas of poor vegetation growth Annually, or as required
. . Prune and trim trees and remove cuttings As required
Occasional maintenance
Remove sediment from pre-treatment system when As required
50% full q
Repair erosion or other damage by reseeding or re-
? by < As required
turfing
Realign the rip-rap As required
Remedial actions Repair or rehabilitate inlets, outlets and overflows As required
Rehabilitate infiltration surface using scarifying and )
As required

spiking techniques if performance deteriorates

Relevel uneven surfaces and reinstate design levels As required

Inspect inlets, outlets and overflows for blockages,

. . Monthly
and clear if required
Inspect banksides, structures, pipework etc for
,p , A Monthly
evidence of physical damage
Monitoring Inspect inlets and pre-treatment systems for silt
accumulation; establish appropriate silt removal Half yearly
frequencies
Inspect infiltration surfaces for compaction and
Monthly

ponding

Accumulated sediments on the surface of infiltration systems have been shown not to pose a hazard

to human health, where people are using the basin as an open space (Scott Wilson, 2010). However,
Scott Wilson (2010) shows that the accumulated material exceeded the total organic carbon (TOC)
criteria for hazardous waste, and the accumulated sediment would require waste pre-treatment to lower
the organic content before off-site disposal (other contaminant levels were well below hazardous waste
criteria). Composting or windrowing might achieve this. Excavated sediment from infiltration basins

or pre-treatment component that receive runoff from residential or standard road and roof areas are
generally not toxic and can therefore be safely disposed of by either land application or off-site disposal.
However, consultation should take place with the environmental regulator to confirm appropriate
protocols. Sediment testing may be required before sediment excavation, to determine its classification
and appropriate disposal methods. For industrial site runoff, sediment testing will be essential. In the
majority of cases, it will be acceptable to distribute the sediment on site if there is an appropriate safe and
acceptable location to do so.
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P Further information on waste management is provided in Chapter 33.

Maintenance Plans and schedules should be developed before maintenance contracts are
commissioned. Specific maintenance needs of the basin should be monitored, and maintenance
schedules adjusted to suit requirements.

CDM 2015 requires designers to ensure that all maintenance risks have been identified, eliminated,
reduced and/or controlled where appropriate. This information will be required as part of the health and
safety file.

P> Generic health and safety guidance is presented in Chapter 36.

Provided preventive maintenance measures are conscientiously undertaken, the need for corrective
maintenance should rarely arise.

P> Additional detail on the preparation of maintenance specifications and schedules of work is given in
Chapter 32.
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Proprietary treatment
systems

This chapter provides guidance on the design of proprietary treatment
systems — surface and subsurface manufactured products designed to
provide treatment of water through the removal of contaminants.

14.1 GENERAL DESCRIPTION

Proprietary treatment systems are manufactured products that remove specified
pollutants from surface water runoff. They are especially useful where site constraints
preclude the use of other methods or where they offer specific benefits in facilitating the
delivery of SuDS design criteria for a site. They are often (but not always) subsurface
structures and can often be complementary to landscaped features, reducing pollutant
levels in the runoff and protecting the amenity and/or biodiversity functionality of
downstream SuDS components. They can be useful in reducing the maintenance
requirements of downstream SuDS or in avoiding the risk of disturbance of those areas
during routine silt removal operations. Historically, they have only been considered as
pre-treatment devices, but they can provide a valuable function in removing pollutants
from runoff and may therefore be considered as an integral part of the Management
Train in some situations. Systems are available that deliver reductions in a wide range of
contaminants, and increasingly sophisticated proprietary systems are being developed
for use in treating runoff from developments.

Proprietary treatment systems may require more routine maintenance than other
methods to ensure functionality, although it is confined to a single location and is
engineering based, which may be advantageous to some owners or operators and can
reduce overall maintenance costs (HA, 2014). Their treatment performance may also
be more dependent on routine inspection or maintenance than other types of SubDS,
although this will be system and design specific. Where large volumes of sediment
may accumulate in the device, suction equipment is usually needed to remove it,

and appropriate access will have to be provided. Where there is no indication that
maintenance is required (such as an alarm or visible surface ponding when full) then
maintenance regimes need to be robust, so that activities will be triggered despite the
lack of system visibility on the surface.

When designed in accordance with this manual, SuDS components, such as pervious
pavements and swales, generally deliver treatment alongside hydraulic control and
amenity and biodiversity benefits. With proprietary treatment systems, Interception

and attenuation will usually need to be delivered separately using either surface or
subsurface storage, and alternative means of delivering amenity and biodiversity criteria
will also need to be considered.

14.2 GENERAL DESIGN CONSIDERATIONS

There are various types of treatment system available. These have been split into different
groups based on the main processes that occur within the systems, following an adaptation
of the approach described by Leisenring et al (2012). The main treatment processes (or

process groups) that can occur in the most commonly available proprietary systems are:

= biological filtration
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= filtration

= filtration and adsorption

= physical removal of sediment

= physical removal of floatables

= wetting and drying to

promote degradation.

The various types of system, together with the main treatment processes, are set out in Table 14.1.

P> Health and safety risk management design guidance is presented in Chapter 36.

TABLE
14.1

Proprietary bioretention
systems in concrete (or
other material) structures

Filtration devices that use soils
(or other filter media) and which
support plants or bacterial biofilms

Proprietary systems classified on basis of main treatment process

Filtration, adsorption,
bioremediation

Biological filtration

Treatment channels

Channels that are designed to
collect and treat water rather than
convey it along the channel; can
include proprietary filter media
within the channel; can include
weir and baffles at intervals to trap
oils and floatables

Physical removal of
sediment, oils and
floatables; wetting
and drying to promote
degradation

Does not include test
results for this type
of system (note that
there are examples
in Europe that are
certified by DiBT in
Germany)

Hydrodynamic or vortex
separators

Structures that use gravity and
centrifugal force to separate out
and collect medium-sized (63 to
250 um) sediments and other litter
or debris; smaller particles may be
able to be removed by varying the
flow rate into the system

Physical removal of
sediment by gravity

Manufactured device
— physical

Proprietary filtration
systems

Devices that filter water by passing
it through various filter media; they
are constructed below ground

in chambers and do not support
vegetation

Filtration and adsorption

Filtration

Oil separators

Structures designed to separate
gross amounts of oil and large
size (> 250 um) suspended
solids from water; they do this by
allowing light non-aqueous phase
liquids (LNAPL) to float and large
sediment particles to sink; many
also have baffles, coalescers
and oil skimmers to speed-up or
enhance performance

Physical removal of
floatables, physical
removal of sediment by
gravity

Qil/grit separators
and baffle boxes

Multi-process

Systems that include multiple
treatment processes in series

Various

Multi-process
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14.2.1 Proprietary bioretention systems in concrete (or other material) structures

These are effectively prefabricated, bioretention systems or tree pits and should behave and be designed
as such (Chapters 18 and 19). They may include proprietary filter media that should be demonstrated as
meeting the criteria set by the Facility for Advanced Water Biofiltration (FAWB) (Chapter 18) or provide
equivalent or improved hydraulic and water quality performance. The proprietary structure can provide
protection for tree roots from compaction if required, but a sufficient volume of soil should be provided for
healthy tree growth (Chapter 19).

14.2.2 Treatment channels

Treatment channels are surface channel drainage systems that are modified to prevent or reduce water
flow along them with baffles and/or weirs at intervals or, if a filter material is included, via holes in the
base. Each section of channel may have its own outlet. The channels are a source control method and
are different from standard channels that simply convey water to other features. They act as collectors
of water from adjacent impermeable surfaces and then store it before allowing the water to discharge
downstream to the next part of the system. The key to their successful use is that they should drain
relatively small areas of hard surface to each metre of channel so that runoff volumes and pollution loads
on any section of the channel are low (usually less than 25 m?2 per metre length of channel for separation
channels and up to 100 m? per metre length for filtration channels, although it will be specific to each site
and to the dimensions of a particular unit). The low flows also minimise emulsification of oils and help in
their removal.

The two main types of treatment channel are differentiated by the process within them:

= With separation, particulate pollutants are trapped by gravity separation (settling) and floatables
such as oils by physical separation using weir and baffle plates. They will not remove dissolved
contaminants. A limited amount of biodegradation of hydrocarbons occurs; this occurs as the
accumulated silt alternately wets and dries, especially in summer.

= With filtration, some channels are filled with a filter medium to provide filtration (which may remove
dissolved contaminants — Figure 14.4). These may remove dissolved contaminants. Biodegradation
occurs within the filter medium, due to wetting and drying through all seasons, and the effectiveness
depends on the specific properties of the medium. The filter medium can be located in discrete
compartments formed by baffles in the channel to promote vertical water flow through the medium.

The channels require routine maintenance to remove accumulated silt build-up, The frequency is,
however, dependent on specific silt load and the dimensions of the channel; it can vary from 6 months to
10 years. They are normally designed so that if silt does build up, it blocks the outlet and water overflows
to adjacent sections of channel over the surface. Thus if maintenance is not carried out the effects
become visible on the surface.

A schematic of one particular type of treatment channel is shown in Figure 14.1 and a photo of the
installation of a similar product is shown in Figure 14.2. This concept can also be incorporated into kerb
drains. Simple treatment channels are shown in Figure 14.3.

Treatment within open channels benefits from sediment ultraviolet light exposure (if the cover lets in

sufficient light) and cyclical sediment wetting and drying, which aid in breaking down pollutants. Dry silts
and sediments are also considerably simpler to remove, as de-watering is not then required.
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Geocellular box storage Channel
drained to outlet collection system
L] L;
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S separator/trap
e H using baffle and weir

Figure 141

Schematic of a commonly used treatment channel

Figure 14.2 Treatment channel installations showing
discrete 1 m sections (courtesy Permavoid Limited)

Outflow is via a perforated pipe in the filter media (courtesy
Stormwater Management and Funke Kunststoffe GmbH)

Figure 14.3  Treatment channels with filter medium inserts
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14.2.3 Hydrodynamic or vortex separators /, Outiet

Hydrodynamic or vortex separators are vault Intat

structures with a gravity/centrifugal settling or
separation unit to remove medium and large size
sediments. They should not be confused with vortex
flow controls (Chapter 28). The water moves in a
centrifugal (circular) manner from the inlet to the outlet,
thus facilitating the sediment removal process within

a small space. The primary removal mechanism is
sedimentation due to the increased residence time

of water compared to a simple catchpit because the
helical path from entrance to outlet is much longer
than the straight distance between them (Figure 14.4).

The circular movement also creates a vertical vortex
(like a vertical whirlpool) in which the centrifugal forces

created by the circular motion cause suspended

particles to move to the centre of the device. Velocities l

here are lower and they settle down to a sump at the ?

bottom. They can either be designed to accommodate Underflow loaded with

the full flow to be conveyed downstream, or can be sediments

installed downstream of a bypass structure, so that Figure 14.4  Simplified flow pattern in a vortex

high flows are routed around the device. Typical separator (from NJCAT, 2005)
layouts are shown in Figures 14.5 and 14.6.

Weir wall Upstream manhole QOutlet pipe

Qutlet pipe Vortex separator

Figure 14.5 Hydrodynamic separator with a separate external bypass (courtesy Hydro International)
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Vortex separator

Internal bypass weir
Allows for events up to and including the design water
quality event to be treated and for peak conveyance
flows to bypass the main separation chamber,

Figure 14.6 Hydrodynamic separator with an internal (or integral) bypass (courtesy Hydro International)

Vortex separators are most effective where the materials to be removed from runoff are able to be settled,
or floatables (which can be captured). They cannot remove small diameter solids (eg < 115 ym) with poor
settleability, emulsions or dissolved pollutants. Note that the removal of settleable particles is dependent
on residence time and therefore flow rate. Reducing flow rates into a device increases residence time and
enables removal of particles with longer settling times.

If the facility does not have a bypass for events exceeding the water quality event, it should be sized to
accommodate the peak flow of the maximum design event likely to be conveyed by the surface water
management system. A check should also be made that the stated removal performance is applicable
for events up to and including the design water quality event, as described in Section 4.3.2 (rather than
the design conveyance event for which pollutant removal will be less of a concern). Where a bypass is
provided, the facility should be sized to accommodate all events up to and including the design water
quality event.

There is a wide variety of proprietary vortex separator units which vary considerably with respect to
geometry and the inclusion of radial baffles and internal circular chambers. As well as the standard units,
some manufacturers offer supplementary features to reduce the velocity of the flow entering the system
(thus increasing the efficiency by allowing more sediment to settle out), reducing turbulence or improving
performance by the inclusion of static separator screens. The units are generally prefabricated as a range
of standard units, but they can often be customised for a specific site if required.

The various types of vortex separator have been placed into subcategories by the USEPA (1999). These
are as follows:

Simple vortex separators — these rely on a rotating flow field induced in the device to cause enhanced
gravitational settlement of solids in runoff. The rotating flow results in a longer flow path and extended
residence time for particles, and thus settlement of a greater size range of particles occurs.

Advanced vortex separators — these operate in a similar manner to simple vortex separators but they
have internal components to control and enhance separation performance and provide isolated zones for
captured sediments to prevent resuspension and washout under peak flow conditions (see an example
schematic in Figure 14.7).
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Access for oil and Access for Excess flows
floatables sediment bypass
removal removal

Qil retention zone
i
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Vortex chamber and
treatment zone
Centre cone
Benching skirt
Sedimant
storage zone

Figure 14.7  Typical schematic of a hydrodynamic separator unit (courtesy Hydro International)

Hydrodynamic separators need routine maintenance to ensure continuing proper operation and sediment
removal efficiencies. They are usually underground, so malfunctioning is not easy to detect and therefore
often ignored (although they can have alarms fitted to warn when cleaning is necessary). This can cause
poor outflow water quality due to resuspension of solids and anaerobic conditions developing within the
device. However, once the sediment accumulation has been observed over the first year of operation the
maintenance intervals can be more accurately predicted and included in site Maintenance Plans.

Hydrodynamic systems such as these typically consist of a standard concrete manhole with internal
components made from either polypropylene or stainless steel. The service life will depend on a number
of factors including the operational life of the internal components and the long-term structural integrity
of the system and its chamber. With routine maintenance, they should typically function effectively for a
period in excess of 40 years.

P Further information on vortex separators is provided in HA (2014).

14.2.4 Proprietary filtration systems

Filter systems work by routing surface water runoff through the filtering or sorbing medium, which traps
particulates and/or soluble pollutants. They are particularly useful for removing small particles that
may bypass any single gravitational process, and some more advanced filters will remove dissolved
constituents that pass through simple mechanical filtration. Filter-based SuDS often combine simple
filtration with molecular level chemical processes to efficiently capture contaminants.

Proprietary filtration systems for treating surface water runoff have evolved from conventional sand filter
systems and are used more widely in the USA than in the UK. During the early stages of development,
a leaf compost medium was used in fixed beds, replacing the original sand content. More recently
developed systems usually hold filter media in cartridges and a wide array of filter media are available
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including leaf compost, pleated fabric, cellulose, activated charcoal, perlite, amended sand and perlite
and zeolite. Filter materials are continuously being developed to address common issues such as re-
entrainment due to salt mobilisation.

Consideration should be given to the physical design of such products. Online systems should be
designed to treat the water quality event and be able to accommodate the peak conveyance flows. Offline
systems should be sized to treat the water quality event. Sediment loading will tend to clog filters, so they
should be designed to minimise this and cleaning and replacement should be practicable. The frequency
of filter replacement will vary depending on the site and filter system used. In some cases, yearly
replacement of filters has proved necessary. Furthermore, the filter medium should be tested for clogging
(colmatation) characteristics. Peak loads go hand in hand with shorter contact times, and it is important
that peak flow performance is understood as well as the contrasting low flow regime.

Filtration systems can be purchased as prefabricated standard units or custom-made to suit site
conditions. Some of the components on the market combine vortex separation and on-line filtration in one
system (Figure 14.9). All events are treated by the vortex separator, with the filter then treating all flows
up to the water quality treatment event. Excess flow will bypass the filter medium beneath the filter bed,
thus avoiding the need for external diversion chambers.

The filters are usually contained in concrete manhole rings or bespoke chambers. Filters may need
vertical space to allow gravity to pass the flow through the medium. In such cases this influences the
invert levels of the incoming and outgoing pipes. It is also important to consider backflow events when the
outlet could be submerged or surcharged.

Filters need routine maintenance to ensure continuing proper operation. They are usually hidden beneath
the ground, and malfunctioning is not easy to detect and therefore is often ignored. This can cause

poor outflow water quality due to resuspension of solids or clogging, resulting in flows bypassing filters
within the device. A major consideration is the availability of bespoke filter cartridges in the future if the
manufacturer ceases trading or discontinues production.

Arched Internal high-flow Water distribution
baffie bypass and filtration

Sediment Filtration chamber

storage

Vortex separator Filter medium

Figure 14.8 Schematic of a vortex-enhanced sedimentation and media filtration system
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14.2.5 Oil separators

Oil/water (or gravity) separators are widely used to prevent hazardous chemical and petroleum products
from entering watercourses and public sewers. They should be installed close to the potential pollution
source to minimise emulsification of oils and their coating of sediments. An example of a large oil/water
separator under construction is shown in Figure 14.9.

Separator designs are almost all based on the principle of separation by flotation, residence time and
particle density and size. Globules of lower density oil or grease (LNAPLSs) in clean non-turbulent water
will rise due to buoyancy. The extent of particle displacement depends on the residence time. Once on the
surface, they can be effectively removed by skimming, pumping etc. Gravity separators cannot be used for
the removal of dissolved or emulsified oils and pollutants, such as coolants, soluble lubricants, glycols and
alcohols. Since resuspension of accumulated sediments is possible during heavy storm events, separator
units are typically installed offline.

Gravity separators are available as prefabricated proprietary systems, but can also be built in situ.
The facilities should comply with BS EN 858-1:2002. Guidance is also provided in Pollution Prevention
Guidelines (PPG) 3 (EA/SEPA/EHSNI, 2006). The design criteria and specifications of a proprietary
gravity separator unit should always be obtained from the manufacturer.

Compared to other SuDS, these facilities rely heavily on frequent routine maintenance to prevent
pollution. If this does not occur, experience shows that they quickly start to convey pollution downstream.
They are usually hidden beneath the ground, and pollution that is trapped in the system is not obvious
and can contribute to the deterioration of
downstream water quality if allowed to accumulate.
This can be mitigated to some extent by the
incorporation of automatic monitors, as required
by the British Standard. However, the monitors do
need to be linked to a location that is clearly visible
by the site management team when it alarms.

The polluted runoff may also become visible in

the outfall to any surface features, which will give
warning that maintenance is required.

There are two classes of systems. A Class 1 device
means the resultant effluent should contain 5 mg/I
hydrocarbon content or less under standard test
conditions. Class 2 devices can contain up to 100
mg/l in their discharge and are appropriate where
drainage is to a foul sewer. It should be noted that
these are the test requirements; in practice the
effluent may not meet these standards.

Within the two classes are two types based on
incoming and outgoing flow control — full retention or
bypass separators. A full retention unit is designed to
treat all the incoming flows to the designated class.
Bypass separators are limited in treating events up to -
a certain flow rate, after which flows are bypassed to Figure 14.9 Large oil separator under construction
the receiving drainage system. (courtesy ACO Limited)

P Guidance on the selection of oil separators is provided in PPG 3 (EA/SEPA/EHSNI, 2006).

Oil/water separators used in the drainage industry usually take the form of a chamber or number of
chambers situated within a drainage system to collect hydrocarbon pollutants. The majority of in situ
separators are formed in concrete. Prefabricated units are generally manufactured in glass-reinforced
plastic, polyethylene, steel or concrete. Systems should be watertight and designed to prevent flotation
where there is a risk of high groundwater levels.
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Oil separators are designed for a specific flow rate, unlike most other structural controls, which are sized
on the basis of capturing and treating a specific volume. The separation chamber should provide for three
separate storage volumes:

= a volume for separated oil storage at the top of the chamber

= a volume for settleable solids accumulation at the bottom of the chamber

= a volume required to give adequate on-line detention time for separation of oil and sediment from the

surface water runoff
P> A basic approach to sizing separators is set out in PPG 3 (EA/SEPA/EHSNI, 2006).

Figures 14.10 and 14.11 show schematics of prefabricated single and multi-chamber separators.

A typical gravity separator unit may be enhanced with a pre-treatment vortex separation chamber,

oil draw-off devices that continuously remove the accumulated light liquids, and flow control valves
regulating the flow rate into the unit. Plate separators provide alternative options designed to induce
laminar flow conditions through a series of parallel plates. They are generally designed to treat low flow
rates only, but can achieve high pollutant removal efficiencies.

Access shaft ’—Sﬂmpling point
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Light liquid — Eesimk =
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Automatic closure value
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PLAN Coalescer unit

Figure 14.10 Outline diagram of a prefabricated, single chamber, full retention, Class 1 separator

Part D: Technical detail



14.3

CIRIA SuDS Manual 2015

Baffles separating Manhole  Coalescer
chambers access point  filters

St trap Water level of
interceptor

Figure 14.11 Outline diagram of a prefabricated, multi-chamber, full retention, Class 1 separator

14.2.6 Multi-process Systems Minor: vortex induced gragit}l mm[gﬁm
Many proprietary products will use a combination of T
processes to effect treatment, often within one element Free phase Pipe
or unit. In the example shown in Figure 14.12, larger oil floats g
. . . on surface — — UE
particulates settle or float while smaller particles, Separation
emulsions and dissolved constituents are captured by ]‘
the filter medium. Upflow filter L
Sedimentation
Some systems provide a combination of different Inlet_g > il
4 P . . . =i _l Radial laminar
treatment processes within a single proprietary flow promotes
system. These types of system will be able to remove sedimentation
id f pollutants than a device based niet anied in lower
a.W| er range of pollutants than a device based on one to promote Aol
single process. radial flow
Larger particulates
collect in base of
SELECTION AND SITING OF PROPRIETARY chamber
TREATMENT SYSTEMS
——3 sedimentation
The choice of proprietary treatment system will be > light '_iq"'id mpération o
dependent on the following aspects of the SuDS > fitration, sorption, precipitation
design: Figure 14.12 Multi-process system

= Space — Where an above-ground SuDS Management Train can be delivered within the available
landscape space and meet any other constraints (including client requirements), using below-ground
proprietary systems may add to the capital and maintenance costs. Where sites are constrained
or surface systems are precluded for other reasons (eg when retrofitting existing sites), the use of
subsurface proprietary systems tends to become more cost effective.

= Access to the device/system is important for maintenance and management and should play a role
in siting.
= Type of pollutants to be removed — Proprietary systems should be selected with pollutant removal

capabilities that match the range and concentrations of pollutants that may be present in runoff from
the site.

= Range of flow events for which contaminant removal is desired — Proprietary systems should
be selected with specified pollutant removal efficiencies for events up to and including the design
water quality event (Section 4.3.2) for the catchment area draining to the system (for both online and
offline systems). Online systems should have sufficient capacity to manage the maximum design
flow through the system without significant re-entrainment of pollution, and offline systems should
manage this flow via a suitably sized bypass.
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The systems should be designed to be as shallow as possible but can often be located under roads, car
parks and open space. There are instances where the use of proprietary SuDS can increase the length of
time between maintenance for other components, and as a result can lower overall maintenance liability.

HYDRAULIC DESIGN

14.4.1 General

Proprietary treatment systems should be designed so that the runoff rates and volumes to them are within
the stated performance envelope for the particular system, throughout its intended service life. Care is
required to ensure that flows from larger rainfall events can be managed by the units without significant
resuspension of sediment or other pollutants. If this cannot be guaranteed then larger flows will need to
be diverted around the systems.

14.4.2 Interception design

Proprietary treatment systems do not generally provide Interception (except for proprietary bioretention
systems, if designed to drain small catchment areas).

14.4.3 Peak flow control design

Proprietary treatment systems do not generally provide peak flow control.

14.4.4 Volume control design

Proprietary treatment systems do not generally provide volume control.

14.4.5 Exceedance flow design

Proprietary treatment systems should be designed so that runoff rates and volumes that exceed the stated
system performance envelope are routed to the next part of the drainage system along safe exceedance
flow paths. Because these systems can store large concentrated volumes of free pollutants, it may be
necessary to consider their operation in flood situations where surcharging etc can backwash pollutants out
of a system.

P Guidance on exceedance design is provided in Section 24.12.

TREATMENT DESIGN

Proprietary treatment systems include a wide variety of designs and component types that can provide

a range of treatment processes as described in Section 14.2 (biological filtration, filtration, adsorption,
physical removal of sediment by settling, removal of floatables or a combination of processes). Wetting
and drying of sediment also promotes degradation of organic pollutants. The ability of a specific device
to remove particular pollutants from surface water runoff is related to the treatment processes it supports
and the nature of pollutants as well as pollutant loading rates.

The size and density of sediment will influence sedimentation and filtration. Large diameter sand
particles are much easier to capture than suspended clay colloidal particles and extremely small colloidal
particles may be subject to Brownian movement and remain suspended indefinitely (although it is worth
remembering that SuDS are not trying to remove all pollution from runoff, so in practice this may not be
an issue). The smaller the particle size the more likely it is that some form of filtration may be required

to remove it. It is preferable to avoid oils emulsifying in the first place by avoiding large flows of turbulent
water (ie use proprietary systems that are source control systems). If oils do become emulsified they will
require filtration to remove them. Dissolved pollutants (zinc and copper are commonly in dissolved form in
runoff) may require adsorptive filtration or precipitation to be effectively removed.
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Therefore, in a similar manner to any SuDS component, these systems should be part of an overall
Management Train (Chapter 4). Their contribution to meeting the objectives of the required treatment
strategy at any particular site should be demonstrated with respect to the type of contaminants that are
managed by the system and the likely performance level. Justification should be provided regarding the
level of mitigation assumed for any product (Chapter 26, Tables 26.3 and 26.4). Evidence of the potential
efficiency of components that use different process types is presented in Chapter 26, Annex 3. However,
these should not be assumed to be delivered by a proposed component without appropriate supporting
evidence. Also, meeting existing standards is not adequate justification in itself, without evaluating the
standards requirements in the light of the treatment methodology set out in this manual.

Manufacturers should provide clear guidance on how to design their specific system to meet the stated
performance envelope. They should state the pollution removal performance for each contaminant at a range of
flow rates, and these should be used in determining catchment areas for the upstream drainage system.

The treatment performance of proprietary systems in the field tends to be as variable as more traditional
SuDS such as swales or basins and can be dependent on a wide range of factors including: the
characteristics of the contaminants present in the runoff, the treatment process type(s) employed by

the system, the influent concentrations, the inflow rate and the maintenance history. There may also be
an observed decline in performance of some systems during cold weather (those that are dependent
largely on particle settling time because the changes in water temperature affect the settling velocity

of particles). Some manufacturers make claims of guaranteed performance, but such claims should be
treated with caution (as they should be from designers of non-proprietary systems) unless supported

by evidence from independent third parties (the evidence is that they are just as variable as other SuDS
when placed in real situations outside the laboratory).

Because all systems are different, it is important that evidence is provided to support any performance
claims. In the UK, there are currently no standardised testing methods or reporting protocols for
proprietary surface water runoff treatment products. However, it is recommended that all testing is
undertaken by organisations that are independent of the manufacturer in order to ensure that any
performance claims are supported by robust evidence using appropriate test methods that may include
field trials to demonstrate real-world performance. If not, the testing and results should be peer-reviewed
by an independent third party. There are internationally available standard tests that can be completed
(eg State of Washington, 2011, State of New Jersey, 2013, DIBt, 2011, and Dierkes et al, 2013) to allow
the publication of performance data.

DIBt (2011) is widely used in Europe, and there are treatment channels and filter systems that meet the
requirements of this standard. The standards used in the Netherlands and produced by Kiwa are very
similar to the DIBt standard.

There is also a UK test protocol under preparation at the time of writing by British Water, and this will
detail a test procedure that UK manufacturers can undertake, with independent witnessing.

Any performance testing should take account of the following recommendations:

= Testing should be undertaken over a representative range of rainfall events that are applicable to the
design and operation of the system. The main interest is the performance for events up to a 1:1 year
and the risk of resuspension during larger events due to turbulence if the system is designed to be
on line. Laboratory test data should cover design flows into the system for a range of representative
rainfall events to at least a 1:1 year event. Greater flow rates than the design event for water quality
should also be tested to assess resuspension in on-line systems.

= Sediment loads and the particle size distribution is very important and has a significant influence on
the estimated performance. Tests should use particle sizes that are representative of the range of sizes
likely to be present in sediment in runoff — with particular importance given to those < 63 um; Particle
size ranges are especially important when testing the effectiveness of hydrodynamic separators, and
the larger the average particle size used for evaluation, the higher the treatment efficiency. The specific
gravity and grading of the particles used in any assessment should be clearly stated and compared
with the site-specific design requirements.
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= Measurements of particle size distribution should be included in any sampling and analysis
programme, to assess the removal efficiency of total suspended solids, as well as that of other
contaminants associated with various particle size fractions. There is a higher concentration of
pollutants in the smaller particle sizes (< 63 um), but when examining the mass distribution of the
pollutants, particle sizes greater than 63 ym may, in some instances, be of equal concern.

= If field sampling is carried out, the effects of supernatant displacement and active-particle removal
by the system (ie hydrostatic versus hydrodynamic separation) should be differentiated. This requires
flow-proportional sampling throughout each storm event.

= If field testing is carried out, account should be taken of antecedent conditions, bypass flows and
resuspension when estimating the performance of the system.

= A sufficient number of storms should be sampled if field tests are undertaken, not only to obtain
statistically significant data, but also to include as wide a range as possible of operating conditions
to which the device will be subject. In the USA, there is a phased approach to certification of
proprietary systems whereby limited use is allowed based on laboratory tests to allow field data to be
collected. This avoids stifling innovation.

= Treatment performance should be analysed by considering the total load of pollution which is the
preferable method for accuracy and quality control.

= Storms should be sampled sequentially, to allow for a mass-balance evaluation.

= Testing and monitoring should be relevant to the pollutants intended for removal by the device.

AMENITY DESIGN

With the exception of biofiltration systems with vegetation, proprietary systems do not provide direct amenity
benefits, but amenity features can often be implemented on the overlying surface, such as parks. They

can also facilitate amenity provision in downstream surface features by delivering clean water. Biofiltration
systems with vegetation should be designed to deliver amenity in accordance with Chapter 18.

BIODIVERSITY DESIGN

With the exception of biofiltration systems with vegetation, proprietary systems do not provide biodiversity
benefits. They can facilitate biodiversity provision in downstream surface features by delivering clean
water to those features. Biofiltration systems with vegetation should be designed to deliver biodiversity in
accordance with Chapter 18.

PHYSICAL SPECIFICATIONS

The specification of proprietary devices will be based on manufacturers’ information. This should include
all relevant information that is required to ensure that the system meets the claimed performance. The
specification should include the flow rates over which the claimed performance can be achieved and the
range of pollutants that the system can remove. For TSS removal, the particle size and density which the
system can effectively remove at a range of flow rates should be stated.

14.8.1 Pre-treatment and inlets

Proprietary systems either have their own specific inlet details or they will be fed by gullies, normal
drainage systems or proprietary inlets which may provide some pre-treatment, if designed as such.
Manufacturers’ literature should be consulted for details of required inlets for specific devices. The
maintenance requirements for any pre-treatment elements should be stated by the manufacturer, as this
will have an impact on the performance of the downstream proprietary treatment system.
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14.8.2 Outlets

Specific required outlet details should be provided by the manufacturer of the device.

MATERIALS

The main material that will be specific to a proprietary device will be the bespoke filter medium. The
manufacturer should provide the specification for any bespoke filter medium if applicable, including:

= base material

= particle size distribution (grading)

= salt content

= permeability

= organic matter content

. pH

= electrical conductivity

= phosphorous content

= suppliers of the filter medium.
Filter media should be easily accessible for replacement, and the full specification of any cartridges
should also be provided so that they can be replaced. By providing this information, there is less risk of
not being able to replace the filter medium if the manufacturer of the device goes out of business, which
has been a problem on some sites in the USA. If the filter medium is subject to intellectual property rights
or there is competitive advantage in using a specific material then a statement that the filter medium

specification will be made available — or available for acquisition under intellectual property sale — should
be sufficient to ensure continuity of supply if the manufacturer ceases trading.

Material choice for the components and chambers will affect the anticipated asset lifetime. The functional
performance of the device in terms of treatment should not be considered in isolation, and the long-term
structural integrity, environmental impact and whole life value of the asset need to be taken into account.
LANDSCAPE DESIGN AND PLANTING

There are no landscape and vegetation requirements for most proprietary systems. For manufactured
bioretention systems and tree pits, the advice in Chapters 18 and 19 should be followed.
CONSTRUCTION REQUIREMENTS

Where units are prefabricated, construction concerns generally relate to:

1 compaction of foundations to ensure that uneven settling will not occur

2 quality control of foundation levels to ensure that inflow and outflow pipes are at the correct elevation.
Particular attention should be paid to manufacturers’ information in respect of backfilling and ballasting.

P> Further detail on construction activities and the programming of construction activities is provided in
Chapter 31.

P> Generic health and safety guidance is presented in Chapter 36.
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A construction phase health and safety plan is required under the Construction (Design and
Management) Regulations (CDM) 2015. This should ensure that all construction risks have been
identified, eliminated, reduced and/or controlled where appropriate.

Manufacturers should provide advice on whether the treatment systems need to be protected from
construction phase runoff, and how this can best be achieved.

OPERATION AND MAINTENANCE REQUIREMENTS

14.12.1 General guidance

Proprietary treatment systems will require routine maintenance to ensure continuing operation to
design performance standards. Because of the wide range of different designs and performance, all
manufacturers should provide detailed specifications and frequencies for the required maintenance
activities along with likely machinery requirements and typical annual costs for any given site. The
treatment performance of proprietary systems is strongly dependent on maintenance, and robust
management plans will be required to ensure that maintenance is carried out in the long term. There
are examples where not undertaking maintenance has led to pollution, and the companies involved
have been fined. The cost of maintenance would have been much less than the subsequent fine and
clean-up costs. Different proprietary treatment devices will have different operation and maintenance
requirements, but this section gives some generic guidance. Ease of access for maintenance and
inspection is essential. In particular, access lids and covers should be kept as lightweight as practicable.

Many proprietary systems are beneath the ground, and malfunctioning is not easy to detect, and it is
therefore often ignored unless alarms are provided or the system is designed to cause localised surface
ponding if full. If systems lead to other surface features, early warning of maintenance being required
may be easily observed at the inlet to the feature (which should be designed to prevent it entering the
main part of the component). Preference should be given to systems or designs that give some easily
observable indication that maintenance is required.

Lack of routine maintenance is more likely to cause poor outflow water quality than with other SuDS due
to resuspension of solids and anaerobic conditions developing within the device. For example, anaerobic
conditions can develop in deep sumps and catchpits that result in nutrients and metals being released
from captured sediments. During the first few months after installation, subsurface treatment units should
be visually inspected after rainfall events, and the amount of deposition measured to give the operator
an idea of the expected rate of sediment and oil deposition. After this initial period, systems should be
inspected every six months to verify the appropriate level of maintenance. During these inspections, the
floating debris and any floating oils should normally be removed. This may be done using a van-mounted
system, without the need for a large tanker. Silt should be removed when it reaches 75% of the capacity
of the sump. In most situations, the units should be fully cleaned out at least annually. If there is a
significant spill of oil (or other pollutant) the system should be cleaned immediately.

Hilliges et al (2013) recommends cleaning treatment channels out every six months, in spring and after
the summer. This was based on observed silt build up for a busy road (AADT 57 000 vehicles per day)
and this frequency could possibly be reduced in less trafficked areas. Experience with other channels in
less trafficked areas shows silt removal may only be required every 10 years.

Proper disposal of oil, solids and floating debris removed from components must be ensured, and

the environmental regulator should be approached for advice where there are any doubts concerning
disposal options. A small portion of water will be removed along with the pollutants during the clean-out
process, which should be considered when costing sediment disposal processes.

P Further guidance on waste management is given in Chapter 33.

Harmful vapours may develop in subsurface filtration or hydrodynamic separation units, as hydrocarbons
may remain there for extended periods of time. Appropriate testing for harmful vapours and venting

Part D: Technical detail



CIRIA SuDS Manual 2015

TABLE An example of operation and maintenance requirements for a proprietary treatment system
14.2

Remove litter and debris and inspect for

. . . Six monthly
sediment, oil and grease accumulation

. . Change the filter media As recommended by manufacturer
Routine maintenance

As necessary — indicated by system
Remove sediment, oil, grease and floatables inspections or immediately following
significant spill

Remedial actions Replace malfunctioning parts or structures As required

Inspect for evidence of poor operation Six monthly

Inspect filter media and establish appropriate

fGr Six monthl
Monitoring replacement frequencies b

Inspect sediment accumulation rates and Monthly during first half year of
establish appropriate removal frequencies operation, then every six months

should be undertaken whenever access for maintenance is required. Removal of oil, silt and other
pollutants must be in accordance with the appropriate waste management legislation.

Maintenance responsibility for all systems should be placed with an appropriate organisation, and
Maintenance Plans and schedules should be developed during the design phase.

P> Further detail on the preparation of maintenance specifications and schedules of work is given in
Chapter 32.

Table 14.2 provides guidance on the type of operation and maintenance schedule that may be appropriate for a
proprietary treatment system. The list of actions is not exhaustive and some actions may not always be required.

CDM 2015 requires designers to ensure that all maintenance risks have been identified, eliminated,
reduced and/or controlled where appropriate. This information will be required as part of the health and
safety file.

P Generic health and safety guidance is presented in Chapter 36.

14.12.2 Oil water separators
Specific requirements for oil/water separators are provided in PPG3 (EA/SEPA/EHSNI, 2006). The
following items should be undertaken every six months as a minimum:

= check volume of sludge

= check thickness of light liquid

= check function of automatic closure device

= empty the separator, if required

= check the coalescing material and clean or change if necessary (class 1 only)

= check the function of the warning device (if fitted)

General inspection of the integrity of oil/water separators should occur at a maximum frequency of five
years, and should cover the following:

= watertightness of system
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= structural condition

= internal coatings

= in-built parts

= electrical devices and installations

= adjustment of automatic closure devices

It is usually a requirement that separators are filled with clean water before being put into operation and
each time after emptying for maintenance. Failure to do so will cause the separator to malfunction until
surface water builds up the required permanent water level in the facility. It is possible to fit an alarm to
separators that will indicate when the collected oil volume is at a maximum, and this may be a regulatory
requirement. The alarms should be placed in a location that is clearly visible to those responsible for
maintenance of the system.
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Filter strips

This chapter provides guidance on the design of filter strips — vegetated
areas of gently sloping ground designed to drain runoff evenly from
impermeable areas, filtering out silt and other particulates.

» Appendix C, Section C.5.4 demonstrates how to design a filter strip for an industrial area.

15.1 GENERAL DESCRIPTION

Filter strips (Figure 15.1) are uniformly graded and gently sloping strips of grass or
other dense vegetation that are designed to treat runoff from adjacent impermeable
areas by promoting sedimentation, filtration and infiltration (where acceptable).

The runoff is designed to flow as a sheet across the filter strip at sufficiently low
velocities that treatment processes can take place effectively. They are often used as
either a pre-treatment component before swales, bioretention systems and trenches
(to extend the life of these components by capturing sediment) or as a treatment
component (where the flow path length across the strip is sufficient).

At low to moderate velocities, filter strips effectively reduce particulate pollutant levels
by removing sediments, organic materials and heavy metals. Settling-out of sediment
that contains clay particles also removes absorbed nutrients and other pollutants.
Some removal of free soluble pollutants in filter strips is accomplished when pollutants
infiltrate into the soil, where they are subsequently taken up by rooted vegetation.

Where infiltration is possible and permitted, its extent tends to be limited during intense
storms as only a small proportion of the runoff is lost (the “initial” loss), but where there
is some subsoil permeability it will be the dominant mechanism for small rainfall events,
and filter strips can therefore contribute effectively to the delivery of Interception.

Figure 15.1  Filter strip at motorway services draining to filter drain, Hopwood (courtesy lllman Young)
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Figure 15.2 provides an example schematic for the design of a filter strip.

50-100mm drop at edge Minimum topsoil Engineered soil, uncompacted or
of hard surface depth: 150 mm lightly compacted permeable subgrade
minimum depth: 300mm

Overflow to next SuDs
Component, eg filter trench

SLRANLLLGL (il b o

- ; - Grass fifter strip
Maxlengthof  Pea gravel silt trap filter strip length (f)
impermeable area and level spreader slope (S} (typically 2-5%)
{approximately 50 m) {optional but
recommended)

Figure 15.2  Filter strip schematic

GENERAL DESIGN CONSIDERATIONS

The contributing drainage area should have a shallow slope that falls towards the filter strip. There
should not normally be any other surface gradient as filter strips require consistent sheet inflow to ensure
performance, although with careful design level spreaders can be used to accommodate small changes
in longitudinal slopes. The filter strip should extend the entire length of the area that is being drained.

While filter strips are a simple technology, good design requires attention to detail. Key issues that cause
failure of filter strips include:

= clogging at the impervious surface/vegetation interface disturbing sheet flow

= inappropriate landscaping, for example lack of drop from edge of hard surface, inaccurate grading
creating erosion and ponding conditions.

Filter strip design requirements are principally aimed at delivering water quality benefits (particularly
prevention of sediment from damaging the performance of downstream components) and the filter strip
performance will be strongly dependent on its length (in the direction of flow).

Filter strips will allow only low levels of infiltration so, provided that the soils between the filter strip and
the groundwater provide adequate groundwater protection, and the filter strip soil has appropriate organic
and clay content, then pollution risks to groundwater should usually be acceptable provided that the

area is not a high hazard site. However, this should always be checked by following the requirements

of Table 4.3 in Chapter 4 and the design methods set out in Chapter 26. Where the sensitivity or
vulnerability of the underlying groundwater means that infiltration should be prevented, filter strips can be
designed above an impermeable geomembrane liner at a depth of at least 0.5 m, although risks of poor
construction and waterlogging should be considered.

The acceptability of infiltration from the filter strip should be determined by following the guidance
provided in Section 25.2, complying with all relevant requirements for infiltration systems with respect to
ground stability, depth to water table etc and Section 26.7 with respect to the protection of groundwater.
The maximum likely groundwater level should always be at least 1 m below the lowest level of the filter
strip, where infiltration can occur.

P> Health and safety risk management design guidance is presented in Chapter 36.
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SELECTION AND SITING OF FILTER STRIPS

Filter strips can be used in a variety of situations but are particularly well suited for managing runoff
from roads because they are a linear feature and easily incorporated into roadside space. They are also
suitable for managing runoff from car parks and other impermeable and permeable areas. Filter strips
should be effectively incorporated into landscaping and public open spaces, so that their function is not
compromised by activity in the area (eg damage from parking or pedestrians).

They are useful on industrial sites because any visible pollution can be identified, the source traced, the
contamination removed as far as possible and the strip rehabilitated relatively easily.

Unlined filter strips should not be used on brownfield sites unless it has been demonstrated clearly that
the risk posed by leaching of contaminants is managed to acceptable levels. Unlined filter strips should
not be used to treat runoff from areas with high contaminant loads if the risk of groundwater pollution
due to infiltration is unacceptably high. Where a liner is used to prevent infiltration, the seasonally high
groundwater level should be below the level of the liner. If infiltration is allowed, the maximum likely
groundwater level should be at least 1 m below the base of the system.

Filter strips should not be located in areas where trees or structures will cause shade conditions that limit
grass growth.

HYDRAULIC DESIGN

15.4.1 General

Maintaining sheet flow onto the filter strip is essential, and can effectively be achieved through the use of
an appropriate level spreading device, such as a gravel flow spreader (Section 28.4.6).

Filter strips should be designed with a minimum longitudinal slope (ie slope along the direction of flow) of
1% (to prevent ponding) and a maximum slope of 5% to prevent flow channelling. The top and bottom of
the slope should be at the lower end of the allowable slope range to reduce flow velocities and thereby
reduce the risk of erosion. Where filter strip slopes are > 5%, a series of level spreaders can be used to
maintain sheet flow as runoff flows over the strip.

The maximum “length” of impervious area draining to filter strips should be controlled in order to reduce
the risk of concentrated flows, although this will also be dependent on the slope of the impermeable area,
and on the effectiveness of adopted flow spreading techniques. Filter strip lengths tend to be determined
by treatment objectives (Section 15.5).

Maximum flow velocities across the filter strip of 1.5 m/s are recommended to prevent erosion during
design flows (note that a lower velocity is required for treatment — Section 15.5).

Manning’s equation (Equation 15.1) can be used to design the filter strip for design flow velocities.

15.4.2 Interception design

Where topsoils are suitably permeable, and underlying soils have some capacity to store and/or infiltrate
runoff, then filter strips with very shallow slopes can be designed to deliver Interception (ie reduce or
prevent runoff during small rainfall events). The extent of Interception delivered will be strongly dependent
on filter strip length (see Figure 15.2), which also influences designing for treatment — Section 15.5.

Where there is infiltration capacity, infiltration is acceptable and the strip is designed to facilitate even
limited infiltration, then a check should be made to determine whether the strip is able to dispose of 5 mm

rainfall depth over the contributing catchment area.

Where there is no infiltration, but the natural surface soils (or imported/re-engineered soils) have water
storage capacity, then Interception design should follow the principles set out in Section 24.8.
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15.4.3 Peak flow control design

Sheet flow across filter strips is not usually controlled, and in this situation no reduction in peak flow is
included within design calculations.

To design for the control of low return period events, an impermeable berm could be designed at the
toe of the slope, with piped outlets to control flow rates. Consideration of maintenance requirements,
particularly in terms of pipe blockage, is required to determine whether such an approach is robust for
long-term performance.

15.4.4 Volume control design

Filter strips do not tend to provide significant infiltration during large storm events, so they do not
contribute to volumetric reductions during design storms.

15.4.5 Exceedance flow design

It is usual for exceedance flows (ie for events larger than the design event) to pass across the filter strip,
and for any resultant damage to be repaired post event. However, if specific protection is required for
downstream components, then a bypass for the strip could be considered.

TREATMENT DESIGN

Filter strips can help retain runoff from small events on site (ie deliver Interception — Section 15.4.2),
helping to reduce the contaminant load discharged to surface waters via volumetric control. They can
also treat the residual runoff by facilitating sedimentation and filtration.

The acceptability of allowing infiltration from the filter strip will depend on the extent of the likely runoff
contamination and site characteristics (see Chapter 4, Table 4.3).

Filter strip lengths > 2.5 m (ideally 3 m) are valuable where slopes are constrained to at or near 1%
(Claytor and Schueler, 1996), particularly for protecting the functionality of downstream components

(ie as a pre-treatment component); and lengths > 5 m have been demonstrated to be very effective in
terms of water quality performance (Barrett et al, 2004) even for steeper slopes, although the density of
vegetation is an important factor. A filter strip study by Caltrans (2003) found that when slopes are less
than 10% and the vegetation cover exceeds 80%, then an irreducible concentration is achieved at a strip
length less than 5 m, ie a longer strip is only required where slopes exceed 10%. At a 20% slope, it is
suggested that a 1 m length of filter strip should be provided for every 6 m of impermeable area flow path
length (Figure 15.2).

Research has shown consistent removal of total suspended solids and total heavy metals, and frequently
also for dissolved metals where designs conform to the criteria set out above. However, removal
efficiencies are variable, so filter strips should always be used together with downstream treatment
components. Evidence of the removal efficiencies of filter strips is presented in Chapter 26, Annex 3.

Good pollutant removal performance is required for all runoff events up to and including events that
occur, on average, about once a year (termed here the 1:1 year event). The duration of this event should
be the relevant critical duration for the filter strip flow rate. If the filter strip is draining a road, then 15
minutes is likely to be appropriate. For this water quality design event:

= the flow depth should be lower than the height of the vegetation and should therefore be limited to
approximately 100 mm depth to maintain good levels of filtration
= the peak flow velocity should be lower than 0.3 m/s to promote particulate settlement

= the time of travel of runoff across the filter strip (residence time = length/velocity) should be at least 9
minutes.
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In the past, there have been recommendations that keeping grass short in filter strips and swales
prevents the grass lodging over (ie being pushed over and flattened by the flow of water) and
improves pollution removal. However, the risk of pollution removal being compromised is now
considered to be minimal, and there is no reason for a blanket requirement to keep the grass short in
all swales and filter strips.

Manning’s equation can be used to support the design of the filter strip, as given in Equation 15.1.

Manning’s equation for filter strip design

dzfs 51/2

n
where

V = mean cross-sectional flow velocity (m/s)
d = depth of flow (m)
S = longitudinal slope of filter strip (ie in the direction of flow) (m/m)

[T

n = Manning’s “n” roughness coefficient (m="3s)

[P

Appropriate guidance values for Manning’s “n” are provided in Section 17.4.1.

AMENITY DESIGN

Filter strips deliver green, vegetated open space adjacent to impermeable areas and should be integrated
with the overall site design and surrounding landscaping.

Where filter strips lie adjacent to roads and car parks, consideration should be given to installing a low-
level, inconspicuous barrier to prevent unauthorised vehicular access onto the filter strip. This should not,
however, impede sheet flow over the strip. Trees (where appropriate — Section 15.10), bollards, crash
barriers, slotted kerbs or intermittently spaced boulders can be considered.

Landscaping and layout of the filter strip and its adjacent area should be such that pedestrian traffic

(and cycling) is kept to a minimum. The location of filter strips should be well defined on a site, as their
function and value to the surface water management system is often not obvious to those using the site.
Consideration should be given to the potential need for suitable signage to prevent future redevelopment,
or alteration and reuse, of filter strip areas.

The topsoil on which the filter strip is built should drain well and should be suitable for supporting the
growth of dense vegetation, preferably grass, although other plants can be included within the design for
aesthetic value (Section 15.10).

BIODIVERSITY DESIGN

A grass strip within the overall site landscaping will support biodiversity by providing:

= feeding and foraging areas for birds, invertebrates, reptiles and amphibians
= habitats for breeding invertebrates

= stepping stone habitats in urban areas.

More diverse planting, possibly including areas of wildflowers, will encourage wider biodiversity.
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PHYSICAL SPECIFICATIONS

15.8.1 Pre-treatment and inlets
A flow spreading device should normally be included upstream of the filter strip to ensure consistent
lateral inflow along the length of the device. Some of these can also provide some degree of pre-
treatment by trapping sediment upstream of the strip. Flow spreading options include:

= porous pavement strips

= stabilised turf strips

= slotted curbing

= gravel-filled trenches (with larger stones where the contributing drainage area is steep), and

= concrete sills.

There should always be a drop of at least 50 mm from the pavement edge to the filter strip to prevent the
formation of a sediment lip.

All pre-treatment/flow spreading devices should be designed with maintenance considerations in mind.

15.8.2 Outlets

In most situations, the outflow from the filter strip should be routed into a downstream component (eg
swale) for conveyance and further treatment, so no outlet mechanism is required.

MATERIALS

15.9.1 Level spreaders

Any interim level spreaders should be constructed of durable, non-toxic material graded into the soil —
minimum 150 mm wide, 50—100 mm high, running along the length of the filter strip.

15.9.2 Subsoils

If subsoils are highly compacted or of such low fertility or soil composition that pore space for water
storage is very low and vegetation is unlikely to become established, the soils should be tilled to 300 mm
and amended to meet the specifications for engineered soils set out in Section 30.4.2.

15.9.3 Geotextiles/geomembranes

P> Geotextile and geomembrane specifications are presented in Section 30.5.

LANDSCAPE DESIGN AND PLANTING

The filter strip surface should be planted with an appropriate grass mixture, or turfed. Filter strips

are subject to both wet and dry conditions, as well as sediment and debris accumulation. A mixture

of dry-area and wet-area grasses, able to prevent erosion and capable of growing through any silt
deposits is required. A dense, soil binding, deep rooted vegetation cover is required — that will need to
be maintained at lengths of 75-150 mm to ensure effective filtration performance during regular events.
Turf provides immediate protection, provided the seams are protected by laying the strips perpendicular
to the flow of water and hand tamping them after laying. A filter strip is best seeded during spring and
early summer months to give vegetation the whole length of a growing season to establish. Longer
grasses and wildflower areas, if considered beneficial for other reasons, are not considered to pose a
significant risk to performance.
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Where filter strips are used to drain runoff from roads or car park areas that are likely to be regularly
salted during winter months, then the planting should be salt tolerant.

Trees and dense scrub should generally be avoided on the filter strip unless the available filter strip flow
path length is significantly greater than required (eg parks and schools where open space areas may

be large). Although they may improve aesthetics, it is difficult to preserve the healthy dense vegetated
ground cover, slope uniformity and stability that are required for a well-functioning filter strip. Where
additional space is available and the risks to filter strip performance have been fully considered, trees can
potentially be used either as traffic barriers or as amenity features.

Filter strips should not be located in shaded areas because sunlight is required to ensure healthy
plant growth.

If a berm is constructed at the toe of the filter strip, the vegetation should be resistant to frequent
inundation within the shallow ponding limit.

Fertilising a filter strip should be avoided if possible, particularly where the receiving environment is
sensitive to nutrient loadings.

P> Landscape design and planting best practice is presented in detail in Chapter 29.

CONSTRUCTION REQUIREMENTS

Filter strips should be clearly marked before site work begins and protected by signage and silt fencing, to
avoid their disturbance during construction. No vehicular traffic, except that specifically used to construct
the component, should be allowed close to the filter strip. Excavating equipment should operate from

the side of the filter strip. If compaction of soils does occur, a 300 mm depth of soil should be removed
and replaced with a blend of topsoil and sand to promote infiltration and biological growth or tilled and
enhanced to achieve a similar specification.

The filter strip should be constructed using careful grading techniques to provide an even and consistent
longitudinal slope, with no severe undulations that will cause localised ponding or promote flow in
channels. Even the smallest non-conformities may compromise flow conditions.

A newly constructed filter strip should be protected from surface water flows until vegetation has been
established. This may be achieved by:

= diverting runoff around the filter strip until vegetation is established

= using pre-established turf or seeded mattresses

= covering the filter strip with clear plastic until the vegetation is well rooted

= placing an erosion control blanket over the freshly applied seed mix.
Ideally filter strips should be planted in the spring, when vegetation can become established with

minimum irrigation needs. If more than 30% of the treatment area is bare after four weeks, reseeding or
replanting will be required to achieve 90% coverage.

If sediment from construction work accumulates on a filter strip, it should be cleared and the strip fully
rehabilitated before the drainage system is adopted by the organisation carrying out the maintenance.

P> Further detail on construction activities and the programming of construction activities is provided in
Chapter 31.

P Generic health and safety guidance is presented in Chapter 36.
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A construction phase health and safety plan is required under the Construction (Design and
Management) Regulations (CDM) 2015. This should ensure that all construction risks have been
identified, eliminated, reduced and/or controlled where appropriate.

OPERATION AND MAINTENANCE REQUIREMENTS

Filter strips will require regular maintenance to ensure continuing operation to design performance standards,
and all designers should provide detailed specifications and frequencies for the required maintenance
activities along with likely machinery requirements and typical annual costs — within the Maintenance Plan.
The treatment performance of filter strips is dependent on maintenance, and robust management plans will
be required to ensure that maintenance is carried out in the long term. Different designs will have different
operation and maintenance requirements, but this section gives some generic guidance.

Maintenance of filter strips is relatively straightforward for landscape contractors and typically there
should only be a small amount of extra work (if any) required for a filter strip over and above what is
necessary for standard public open space. Providing landscape management is already required at site,
filter strip maintenance should therefore have marginal cost implications. However, regular inspection

and maintenance is important for the effective operation of filter strips as designed. Maintenance
responsibility for a filter strip should always be placed with an appropriate organisation. If filter strips are
implemented within private property, owners should be educated on their routine maintenance needs, and
should understand the long-term Maintenance Plan and any legally binding maintenance agreement.

Access for maintenance vehicles should always be available. However, this is not usually a constraint
due to the likely location of the filter strip adjacent to impermeable areas. Litter and debris removal
should be undertaken as part of general landscape maintenance for the site and before any other SuDS
management task. All litter should be removed from site.

The major maintenance requirement for filter strips is mowing. This should ideally retain grass lengths of
75—150 mm across the main “treatment” surface to assist in filtering pollutants and retaining sediments
and to reduce the risk of flattening during runoff events. However, longer vegetation lengths, where
appropriate, are not considered to pose a significant risk to functionality.

Grass clippings should be disposed of either off site or outside the area of the filter strip to remove
nutrients and pollutants. All vegetation management activities should take account of the need to
maximise biosecurity and prevent the spread of invasive species.

Occasionally, sediment will need to be removed (eg once deposits exceed 25 mm in depth), although this
can be minimised by ensuring that upstream areas are fully stabilised in advance. Available evidence
from monitoring studies indicates that small distributed infiltration practices such as filter strips do not
contaminate underlying soils, even after more than 10 years of operation (TRCA, 2008). Sediments
excavated from a filter strip that receives runoff from residential or standard road and roof areas are
generally not of toxic or hazardous material and can therefore be safely disposed of by either land
application or landfilling. However, consultation should take place with the environmental regulator to
confirm appropriate protocols. Sediment testing may be required before sediment excavation to determine
its classification and appropriate disposal methods. For runoff from streets with high vehicle traffic,
sediment testing will be essential. In the majority of cases, it will be acceptable to distribute the sediment
on site if there is an appropriate safe and acceptable location to do so.

Any damage due to sediment removal or erosion should be repaired and immediately reseeded or planted.
P Further detail on waste management is provided in Chapter 32.

Table 15.1 provides guidance on the type of operational and maintenance requirements that may be
appropriate. The list of actions is not exhaustive and some actions may not always be required.
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TABLE Operation and maintenance requirements for filter strips
15.1

Remove litter and debris Monthly (or as required)
Cut the grass — to retain grass height within Monthly (during growing season), or
specified design range as required

Manage other vegetation and remove

) Monthly (at start, then as required)
nuisance plants

Inspect filter strip surface to identify
evidence of erosion, poor vegetation growth,
Regular maintenance compaction, ponding, sedimentation and
contamination (eg oils)

Monthly (at start, then half yearly)

Check flow spreader and filter strip surface for

Monthly (at start, then half yearl
even gradients v yearly)

Inspect gravel flow spreader upstream of filter

Monthly (at start, then half |
strip for clogging onthly (at start, then half yearly)

Inspect silt accumulation rates and establish

) . Monthly (at start, then half yearly)
appropriate removal frequencies

Reseed areas of poor vegetation growth; alter | As required or if bare soil is exposed

Occasional maintenance
plant types to better suit conditions, if required | over > 10% of the filter strip area.

Repair erosion or other damage by re-turfing

As required
or reseeding g

Relevel uneven surfaces and reinstate design

As required
levels

Scarify and spike topsoil layer to improve
infiltration performance, break up silt deposits | As required
and prevent compaction of the soil surface

Remedial actions

Remove build-up of sediment on upstream
gravel trench, flow spreader or at top of filter As required
strip

Remove and dispose of oils or petrol residues .
As required

using safe standard practices

Maintenance Plans and schedules should be developed during the design phase. Specific maintenance needs
of the filter strip should be monitored, and maintenance schedules adjusted to suit requirements.

P> Further detail on the preparation of maintenance specifications and schedules of work is given in
Chapter 32.

CDM 2015 requires designers to ensure that all maintenance risks have been identified, eliminated,
reduced and/or controlled where appropriate. This information will be required as part of the health and

safety file.

P Generic health and safety guidance is presented in Chapter 36.
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Filter drains

This chapter provides guidance on the design of filter drains — linear
drains consisting of a trench filled with a permeable aggregate material,
often with a perforated pipe in the base of the trench to assist drainage.

» Appendix C, Section C.5.4 demonstrates how to design a filter drain for an industrial area.

16.1 GENERAL DESCRIPTION

Filter drains are shallow trenches filled with stone/gravel that create temporary
subsurface storage for the attenuation, conveyance and filtration of surface water
runoff. The stone may be contained in a simple trench lined with a geotextile,
geomembrane or other impermeable liner, or within a more structural facility such

as a concrete trough. Filter drains may be lined (if required) or may allow infiltration
depending on the suitability of the underlying soils and the protection they afford to the
groundwater (Sections 25.2 and 26.7).

Filter drains should ideally receive lateral inflow from an adjacent impermeable surface
that is pre-treated using a vegetated filter strip or equivalent. They are not normally
intended to function as sediment traps and should be implemented downstream of

a pre-treatment system in order to prevent clogging and failure. Where there is no
effective upstream removal of sediments and silts, a geotextile (or other effective
filtration) layer below the filter drain surface, at a shallow depth, is required that can be
regularly removed and cleaned or replaced.

Filter drains can help reduce pollutant levels in runoff by filtering out fine sediments,
metals, hydrocarbons and other pollutants. They can also encourage adsorption and
biodegradation processes. With adequate structural protection, geocellular products
can be used as an alternative to some of the stone where the component is designed
principally for conveyance: they have a higher void ratio but limited treatment capacity,
and are often used to provide additional storage zones for high return period flow events
in conjunction with other treatment components or gravel layers in the trench.

Filter drains are on-line features, and designers should therefore take full consideration
of the inflow rates and volumes potentially associated with high return period events,
ensuring that the trench is adequately protected from damage, and excess flows can be
conveyed safely downstream.

A perforated pipe should be provided near the base of the filter drain to collect and
convey water to downstream drainage components. Use of the available attenuation
storage provided by the voids in the aggregate fill can be maximised through the use

of downstream flow control systems. A high-level perforated pipe can be installed to
provide an overflow for flows in excess of the design event. Where a network of filter
drains is established, high-level pipes can be used to transfer excess waters around the
system in the event of local overloading.

Filter drains can replace conventional pipework as conveyance systems, and the use of
adjacent filter strips or flow spreaders can remove the need for kerbs and gullies when
systems are located adjacent to roads or highways. They work best when incorporated
into a treatment train, and should be used in conjunction with other SuDS components
to safely pass and store extreme storm flows.
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Figure 16.1  Examples of filter drains (courtesy Hydro International and lllman Young)

An example cross section for a filter drain is given in Figure 16.2. The upper sacrificial stone layer may
only be required where upstream sediment removal is considered insufficient.
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Figure 16.2  Filter drain schematic

GENERAL DESIGN CONSIDERATIONS

Filter drain depths should generally be 1-2 m. The minimum depth of filter medium beneath any inflow
distribution pipework and outfall collection systems should be 0.5 m to ensure reasonable levels of
pollutant removal (Hatt et al, 2007). Where infiltration is allowed, the maximum groundwater level should
be at least 1 m below the base of the trench. Where filter drains are implemented adjacent to roads,
guidance on gradients and distances to carriageway centrelines are set out in Chapter 9. Filter drain
widths will tend to be dictated by the flows to be accommodated by the component and the diameter of
any embedded pipe (eg a 150 mm diameter pipe would require 150 mm width bedding surround, giving a
total filter drain width of 450 mm).
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The voids ratio and permeability of the granular fill should be sufficiently high to allow adequate percolation
and to control the risk of blockage. Consideration should be given as to whether the trench is required to
withstand surface loadings such as vehicular traffic, as this will influence the type of fill that will be suitable.
The structural requirements of geocellular systems (which may be specified for enhanced storage or
conveyance purposes beneath the stone layer) are described in detail in Chapter 21. Such systems should
be below the minimum 0.5 m depth required for adequate pollutant removal or else additional downstream
(or upstream) treatment will usually be required. Where perforated pipes are used as distribution or
collection systems, they should be set within appropriate depths of pipe bedding material. Perforated pipes
require a sufficient area of openings to manage the expected flow rate of water into and out of the pipes.

The most effective pre-treatment option for filter drains is to have runoff flow over a small filter strip
between the edge of the drained area and the trench. Even a 0.5 m wide strip of grass can remove

a significant amount of silt and prolong the time until the drain needs to be cleaned/rehabilitated. An
enhanced filter layer or geotextile can be used at a high level in the trench to provide pre-treatment where
other pre-treatment options are not practicable. However, this should only be used where inspection and
maintenance regimes are regular and robust, as the system will tend to clog rapidly. Also, the layer should
be readily separable from the side sections as it will require regular replacement. The filter drain should
only drain small areas if this form of pre-treatment is adopted.

P> Appropriate geotextile and geomembrane specifications are described in the Chapter 30.

The main cause of damage to filter drains is vehicles running off the carriageway and scattering the filter
material. This can cause a hazard to vehicles on the carriageway, and barriers such as bollards, large
rocks or low railings should be used to prevent traffic from running on, or parking on, the filter drain.

For all filter drains, any lengths of perforated pipes that are more than 10 m should be spaced between
access sumps (also known as catchpits) so that the pipes can be cleaned by jetting out or rodding (these
sumps can be up to 90 m apart for longer runs of trench). Access sumps should always be accessible
and clearly identifiable.

P Health and safety risk management design guidance is provided in Chapter 36.

SELECTION AND SITING OF FILTER DRAINS

Filter drains are best located adjacent to impermeable surfaces such as car parks or roads/highways with
upstream pre-treatment systems. They can be used for draining residential and non-residential runoff
and, when lined, can be used to manage surface water runoff from areas with high groundwater pollution
risks. Unless effective pre-treatment of sediments is included within the design, they are applicable
primarily to impervious areas where there are not high levels of particulates in the runoff.

Filter drains are generally appropriate for catchments with small impermeable areas. They can be
effectively incorporated into the landscape and public open spaces, and with careful design can have
minimal land-take requirements. They are not usually used as retrofit components due to potential
obstruction and interference with service routes.

The use of filter drains is typically restricted to sites without significant slopes, unless they can be placed
parallel to contours. The longitudinal slope should not exceed 2% because low velocities are required for
stable conveyance through the filter medium and for pollutant removal processes to occur.

Filter drains should not be sited on unstable ground, and ground stability should be verified by assessing
site soil and groundwater conditions. They are designed for intermittent flow and should be allowed

to drain and re-aerate between rainfall events. They should not, therefore, be used on sites with a
continuous flow from groundwater or other sources.

Filter drains can prove a useful surface water management component on sites where vegetated systems
are impractical. They could be constructed beneath impermeable surfacing, provided that sufficient
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access is included for inspection and maintenance, or grassed/vegetated surfacing, provided that an
appropriate means of identifying and locating the trench is included within the design.

HYDRAULIC DESIGN

16.4.1 General

There are three elements to the design of filter drains:

1 design of the filter material for adequate percolation of water — the rate of percolation is a
compromise between pollutant removal and the need to restrict the risk of flooding in the catchment
for the design storm event, and to act as an appropriate trickling filter for small events, contact time
with the aggregate should be maximised (via geometric design characteristics)

2 design of the filter material to store water — the greater the void ratio, the more storage is available in
the trench, and the level of storage available will depend on the throttle at the outlet

3 design of the pipe system to convey water

The rate of percolation of water through the filter material can be estimated roughly using Darcy’s law.
The rate of percolation should be sufficient to meet the design criteria. The storage of water within the
trench and aggregate is dependent on the void ratio of the aggregate and the downstream throttle rate.
Calculation methods are as for pervious pavements, as set out in Section 20.5.

The slotted pipe in the base of the filter drain should be designed using conventional pipe design methods
to achieve the flows required to meet the site-specific design criteria (Equation 20.2). The perforations

in the pipe should be sufficient to provide adequate flow in the same way as for bioretention systems in
Section 18.8.2.

16.4.2 Interception design

Filter drains can only deliver a small contribution to Interception (the prevention of runoff for the majority
of small events) where they do not allow infiltration. Some water will soak into the filter medium and will
also be removed by evapotranspiration and infiltration (where allowed) even if permeability levels are very
low. The extent of the volumetric reduction in runoff will depend on the infiltration rate of the surrounding
soil, the catchment area, area and depth of the system, type of vegetation and the climate.

P> Interception design methods are set out in Section 24.8.

16.4.3 Peak flow control design

As well as determining the degree of filtration, the particle size of the medium also determines travel time
in the filter and can therefore play a role in meeting peak flow discharge rate control requirements.

Filter drains can help to manage peak flows by naturally limiting rates of conveyance through the filter
medium, and also by providing attenuation storage which fills when the rate of flow at the outlet is
controlled. Design and assessment of the surface and subsurface storage volumes can be determined
using standard hydraulic assessment.

Subsurface storage can be provided by the void space in the filter medium and/or drainage layer in the
system, ie:

Available attenuation storage in the filter medium and drainage layer of the bioretention system
= Volume of system x void ratio in the soil/drainage layer

Due to the small runoff areas likely to be discharging to the system, it may be appropriate to link adjacent
systems together so that the size of the opening in the flow control can be larger.
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16.4.4 Volume control design

Contribution of filter drains to volume control should be evaluated using standard methods — based on
expected infiltration rates and/or available attenuation storage and specified flow controls. Assessment of
volumetric control should follow the normal hydraulic assessment methods in Chapter 24.

16.4.5 Exceedance flow design

An exceedance flow route will be required for rainfall events that exceed the design capacity of the filter
drain. This can be achieved by installing an overflow pipe or weir/overflow structure above the design
water storage level to convey excess flows downstream.

The exceedance flow capacity of the
overflow should be confirmed using normal
hydraulic assessment methods and analysis
(weir, orifice and pipe flow). Exceedance
flows beyond the capacity of the overflow
should also be confirmed.

Ideally, exceedance flows should be
designed to bypass the filter drain, but where
the exceedance flow structure is within the
trench it should be located as close to the
inlet as possible to minimise the flow path
length for above-capacity flows (reducing the
risk of scouring) (Section 18.8.2).

iy R
Figure 16.3  Filter drain with exceedance event managed within
play area, Exwick, Devon (courtesy Robert Bray Associates)

16.5 TREATMENT DESIGN

Unless infiltration is allowed, filter drains will not provide a significant reduction in contaminant loads to
surface waters via volumetric runoff control, as they can only provide limited Interception (Section 16.4.2).
The acceptability of allowing infiltration from the filter drain will depend on the extent of the likely runoff
contamination and site characteristics (see Chapter 4, Table 4.3).

Hatt et al (2007) reported gravel filters to be an effective treatment option for runoff, where treatment of
sediment and heavy metals is of principal concern. Performance efficiencies reported by Hatt et al (2007)
were greater than 90% for TSS and generally 60—-80% for heavy metals. However, the rate of clogging
related to these efficiencies is not given, and clogging may act to enhance perceived efficiencies. Similar
performance efficiencies are suggested by Higgins et al (2008).

Unless regular monitoring and regular gravel filter removal and washing can be accommodated, it is not
recommended to use filter drains as a sediment capture mechanism.

P> Further evidence relating to potential performance efficiencies of filter drains is presented in
Chapter 26, Annex 3.

Good pollutant removal performance is required for all runoff events up to and including events which occur,
on average, about once a year (termed here the 1:1 year event). The duration of this event should be the
relevant critical duration for the filter drain flow rate. If the filter drain is draining a road, then 15 minutes is
likely to be appropriate. For this water quality design event, flows should be captured by the drain and then
flow towards the outfall at low rates to maximise contact time with the gravel.

An additional filter layer can be added to provide enhanced treatment by using materials such as sand,
granular activated carbon, leaf compost or pea gravel, although this is not routine design practice and

is likely to be expensive. Coarser materials allow faster transmission of water, but finer media will filter
particles of a smaller size. Sand has been found to be a good balance, but different types of media have
different contaminant removal efficiencies. Sand is reliable at removing TSS, but organic soils are better
at heavy metal and phosphorous removal.
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AMENITY DESIGN

Filter drains can be designed creatively to provide
attractive boundary lines or edging.

Filter drains may be protected with geotextile and
covered with topsoil and planted with grass, in a
landscaped area. However, this increases the risk
that maintenance responsibilities will be overlooked,
which could cause performance failure of the
system and should therefore be implemented with
caution. However, overlying grass may help reduce
clogging risks on the trench surface.

BIODIVERSITY DESIGN b IS

Gravel media can host microorganisms and provide
breeding grounds for insects and amphibians.
Adjacent biodiverse planting or overlying grass
(Section 16.6) can also deliver additional
opportunities for biodiversity.

r =
i
PHYSICAL SPECIFICATIONS Figure 16.4  Filter drain with planting, Exwick, Devon

(courtesy Robert Bray Associates)

16.8.1 Pre-treatment and inlets

The design, operation and maintenance of filter drain inlet structures and pre-treatment systems is

a key factor in their continued satisfactory operation. Sheet flow from an adjacent impermeable area
should pass over a vegetated filter strip (Chapter 15). For point inflows, pre-treatment should consist of
a sediment forebay or silt trap or other SuDS system (eg swale) that is easily maintained. Roof waters
can be connected directly through sediment/debris traps. Exit velocities from the pre-treatment system
to the trench should be non-erosive.

P The design of inlet structures is set out in detail in Chapter 28.

16.8.2 Underdrains and outlets

Filter drains should be designed with low-level outfalls with appropriate flow control devices. Outlet
erosion protection is unlikely to be required as flows are likely to be low. Unless the component is an off-
line device, the system should be designed with appropriate overflow facilities so that design flows can be
conveyed safely downstream.

MATERIALS

P> Specifications for filter media and gravel media layers are provided in Chapters 18 and 30.

P> Specifications for geotextiles and geomembranes are provided in Chapter 30.

LANDSCAPE DESIGN AND PLANTING

Filter drains should be integrated within the surrounding space in an attractive and complementary way,
using vegetation to enhance their appearance where appropriate.

P> Landscape design and planting best practice is presented in Chapter 29.
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CONSTRUCTION REQUIREMENTS

Filter drains should be protected before completion and stabilisation of the upstream development areas.
They should not be used for drainage of construction sites, where untreated runoff is likely to contain
large amounts of silt, debris and other pollutants, as this will cause rapid clogging of the systems.

All trench excavations should follow construction best practice and be supported, if required. No
personnel should be allowed to enter an unsupported trench deeper than 1.2 m. Trench supports should
be designed to guarantee the safety of those working in the trench. Support may also be needed for
shallower trenches in weak ground.

Filter drain formations should be flat or to a shallow grade to reduce the risk of ponding and negative
filter gradients. Geotextile and stone fill should be clean before construction. Backfill should be placed in
100-150 mm layers and lightly compacted as required.

All geotextiles should be wrapped and secured to prevent gravel or stone from clogging with sediments.

The drain-down time after a storm should be observed after completion or modification of the facility to
confirm that the desired drain time has been obtained (BRE, 1991).

P> Further detail on construction activities and the programming of construction activities is provided in
Chapter 31.

A construction phase health and safety plan is required under the Construction (Design and
Management) Regulations (CDM) 2015. This should ensure that all construction risks have been
identified, eliminated, reduced and/or controlled where appropriate.

P Generic health and safety guidance is presented in Chapter 36.

OPERATION AND MAINTENANCE REQUIREMENTS

Filter drains will require regular maintenance to ensure continuing operation to design performance
standards, and all designers should provide detailed specifications and frequencies for the required
maintenance activities along with likely machinery requirements and typical annual costs — within the
Maintenance Plan. The treatment performance of filter drains is dependent on maintenance, and robust
management plans will be required to ensure that maintenance is carried out in the long term. Different
designs will have different operation and maintenance requirements, but this section gives some
generic guidance.

Regular inspection and maintenance is important for the effective operation of filter drains as designed.
Maintenance responsibility for a filter drain should always be placed with an appropriate organisation.
Adequate access should always be provided to the filter drain for inspection and maintenance. If

filter drains are implemented within private property, owners should be educated on their routine
maintenance needs, and should understand the long-term Maintenance Plan and any legally binding
maintenance agreement.

Litter (including leaf litter) and debris removal should be undertaken as part of general landscape
maintenance for the site and before any other SuDS management task. All litter should be removed

from site.

Table 16.1 provides guidance on the type of operational and maintenance requirements that may be
appropriate. The list of actions is not exhaustive and some actions may not always be required.
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TABLE Operation and maintenance requirements for filter drains
16.1

310

Remove litter (including leaf litter) and debris from filter

Monthly (or as required
drain surface, access chambers and pre-treatment devices y( g )

Inspect filter drain surface, inlet/outlet pipework and
control systems for blockages, clogging, standing water Monthly
and structural damage

Regular maintenance
Inspect pre-treatment systems, inlets and perforated

pipework for silt accumulation, and establish appropriate Six monthly
silt removal frequencies

Six monthly, or as

Remove sediment from pre-treatment devices .
required

Remove or control tree roots where they are encroaching
the sides of the filter drain, using recommended methods As required
(eg NJUG, 2007 or BS 3998:2010)

Occasional maintenance At locations with high pollution loads, remove surface )
) L Five yearly, or as
geotextile and replace, and wash or replace overlying filter ;
. required
medium
Clear perforated pipework of blockages As required

Sediments excavated from upstream pre-treatment devices that receive runoff from residential or
standard road and roof areas are generally not toxic or hazardous material and can therefore be safely
disposed of by either land application or landfilling. However, consultation should take place with the
environmental regulator to confirm appropriate waste management protocols and compliance with
legislation. Sediment testing may be required before sediment excavation to determine its classification
and appropriate disposal methods. For industrial site runoff, sediment testing will be essential. In the
majority of cases, it will be acceptable to distribute the sediment on site, if there is an appropriate safe
and acceptable location to do so. Any damage due to sediment removal or erosion should be repaired
and immediately reseeded or planted.

P Further detail on waste management is provided in Chapter 32.

Maintenance Plans and schedules should be developed during the design phase. Specific maintenance
needs of the filter drain should be monitored and maintenance schedules adjusted to suit requirements.

P Further detail on the preparation of maintenance specifications and schedules of work is given in
Chapter 32.

CDM 2015 requires designers to ensure that all maintenance risks have been identified, eliminated,
reduced and/or controlled where appropriate. This information will be required as part of the health and

safety file.

P> Generic health and safety guidance is presented in Chapter 36.
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YIC U g Swales

This chapter provides guidance on the design of swales — shallow
vegetated channels designed principally to convey and treat runoff.
» Appendix C, Section C.5.4 demonstrates how to design an underdrained swale for an
industrial area.

» Appendix C, Section C.5.5 demonstrates how to design a strategic conveyance swale.

171 GENERAL DESCRIPTION

Swales are shallow, flat bottomed, vegetated open channels designed to convey, treat
and often attenuate surface water runoff. When incorporated into site design, they can
enhance the natural landscape and provide aesthetic and biodiversity benefits. They are
often used to drain roads, paths or car parks, where it is convenient to collect distributed
inflows of runoff, or as a means of conveying runoff on the surface while enhancing
access corridors or other open space. Swales can have a variety of profiles, can be
uniform or non-uniform, and can incorporate a range of different planting strategies,
depending upon the site characteristics and system objectives.

Swales can replace conventional pipework as a means of conveying runoff, and the use of
adjacent filter strips and/or flow spreaders can also remove the need for kerbs and gullies.

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. A swale can
have check dams or berms installed across the flow path, that temporarily pond runoff
to increase pollutant retention and infiltration and further decrease flow velocity —
particularly useful for sites with steeper gradients.

There are three types of swale, described in Sections 17.1.1 to 17.1.3.

17.1.1 Conveyance and attenuation swale

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 SuDS Management Train. They can be designed for treatment and/
or attenuation (where required), depending on the level of flow constraint and ponding
depths delivered by the design.

Very small swales (“mini-swales”) can be used to manage small events with effective
overflow facilities to alternative components.

Chapter 17: Swales 313




314

CIRIA SuDS Manual 2015

Figure 171  Typical conveyance/attenuation swale

17.1.2 Dry swale (or “enhanced” swale)

The 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. To prevent infiltration, or
where groundwater levels are high, a liner could be introduced at the base.

50-100mm drop Optional filter strip Pea gravel layer Filter 1:4 or 1:3 side Turfor  Impermeable
with perforated pipe  medium  slope grassed  grass layer soll
under drain to outfall o resist erosion

Figure 17.2  Typical dry swale

17.1.3 Wet swale

This system is equivalent to the conveyance swale, but is designed specifically to deliver wet and/or
marshy conditions in the base (Figure 17.3). They can be used where sites are very flat and soils are
poorly drained and/or to deliver the functionality or amenity or biodiversity requirements of a longitudinal
pond/wetland component. Specific wetland planting will be required for the swale base.

A typical swale plan view is given in Figure 17.5.
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50-100mm drop — Optional filter strip  — 1:4 or 1:3 side  Wetland  Permanent Impermeable soil
at edge of for pre-treatment slope grassed  planting  water level
hard surface 1o resist erosion
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Optional sand/ gravel/
mulch layer

Figure 17.3  Typical wet swale

(courtesy Essex. County Council)

(courtesy lllman Yc;ung)

(courtesy lllman Young)
(cour.tesy Terra Firma)

(courtesy Simon Bunn)

Figure 17.4  Examples of different swale types and designs
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Pre-treatment — — Optional Interdinking Perforated under
forebay (where check dam pipework drain
reguired)

Filter strip {Access/| Filter strip

T toptional) T :urivewayi 'I\ {optional) T

Erosion control Sheel flow from roadway or othier hard surface
{if required)

Figure 17.5  Typical plan view of a swale

GENERAL DESIGN CONSIDERATIONS

Swales should generally be designed with a trapezoidal or parabolic cross-section as these are easiest to
construct and maintain, and offer good hydraulic performance.

Grass swales should generally be designed with a bottom width of 0.5—-2.0 m, although narrower or wider
swales may be used, subject to suitable assessment. The design width should allow for shallow flows
and adequate water quality treatment (Section 17.5), while preventing flows from concentrating and
creating erosion channels. For swale widths > 2 m where the width of flow may lead to flow channelling,
consideration should be given to the need to divide the cross-section with a flow divider, using a flow
spreader at the inlet for each side if required.

Longitudinal slopes should be constrained to 0.5-6%. Check dams should be incorporated on slopes
greater than 3% (which may allow slopes to increase up to 10%) and permanent reinforcement
matting should be considered where velocities are above those recommended for standard designs.
Underdrains are required for conveyance swales with a slope of < 1.5% or wet swales can be
considered for such scenarios.

The side slopes should be as flat as possible to aid pre-treatment of lateral incoming flows by maximising
the swale filtering surface, to enhance safety and allow easy access for mowing. Steeper side slopes are
likely to experience erosion channelling from incoming lateral flows. A maximum slope of 1 in 3 (33%) is
recommended and a 1 in 4 (25%) slope is preferred where space permits as this makes mowing easier.
Side slopes may be increased, provided all technical and safety implications have been fully considered.

When used to convey and treat road runoff, the swale length simply parallels the road, and therefore
should be equal to, or greater than, the contributing roadway length. The length of any section of swale
between culverts (eg road/drive crossings) should be 5 m or greater for maintenance access purposes.
Otherwise, the length will be that required for water quality treatment design functionality and will be a
function of the site constraints and hydraulic properties of the swale in any particular location.

The normal maximum swale depth is 400—600 mm. This can be increased where deemed acceptable

by a health and safety risk assessment (Chapter 36). The depth of swale may be dependent on the

depth of required inflow pipework, for example from a permeable pavement sub-base or other upstream
component. Where the inlet depth would make the swale inappropriately deep, consideration can be
given to discharging directly to the swale underdrain and utilising the conveyance capacity of the swale
for larger events — provided there is a free route for water to rise into the swale. In such a scenario, the
swale could not be used to provide treatment for regular events, so alternative treatment methods would
be required. Deep swales will tend to mean higher land-take requirements, deeper water and costly
excavations — and alternative options should potentially be considered to ensure that the optimum surface
water management system is delivered.
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Where swales allow only low levels of infiltration (ie are designed as conveyance components), provided
the soils between the swale and the groundwater provide adequate groundwater protection, and the swale
soils have appropriate organic and clay content, then pollution risks to groundwater should usually be
acceptable provided the area is not a high hazard site. However, this should always be checked by following
the requirements of Table 4.3 in Chapter 4 and the design methods set out in Chapter 26. Where the
sensitivity and/or vulnerability of the underlying groundwater means that infiltration should be prevented,
swales can be designed above an impermeable geomembrane liner at a depth of at least 0.5 m, although
risks of poor construction and waterlogging should be considered.

The acceptability of infiltration from the base of the swale should be determined by following the guidance
provided in Section 25.2, complying with all relevant requirements for infiltration systems with respect to
ground stability, depth to water table etc, and Section 26.7 with respect to the protection of groundwater.
The maximum likely groundwater level should always be at least 1 m below the lowest level of the swale,
where infiltration can occur.

P> Health and safety risk management design guidance is presented in Chapter 36.

SELECTION AND SITING OF SWALES

Swales can be used in a wide variety of situations. They are well suited for managing runoff from roads
because they are a linear feature and easily incorporated into the roadside space. They are also suitable
for managing runoff from car parks and other impermeable and permeable areas. Swales should be
incorporated into landscape and public open spaces, as they tend to demand significant land-take due
to their shallow side slopes. Swales are generally difficult to incorporate into dense urban developments
where space is limited, although steeper side slopes may be appropriate in some situations — for
example, a very shallow (150 mm deep) swale or a suitably fenced or inaccessible swale edge can have
steeper or even vertical slopes (Figure 17.6).

They are ideal for use on industrial sites (lined and
with additional downstream treatment components)
because any pollution that occurs is visible and can I
therefore be dealt with before it causes damage k
to the receiving watercourse. They are also much
easier to maintain on sites with high sediment loads
than any other type of component. They should not
be located in areas where there are particular risks
of excess fertiliser or weed-killer application which
could cause pollution of runoff.

Unlined swales should not be used on brownfield
sites unless it has been demonstrated that the risk
posed by leaching of contaminants is managed

to acceptable levels. Unlined swales should

not be used to treat runoff from areas with high
contaminant loadings if the risk of groundwater
pollution due to infiltration is unacceptably high.
Where a liner is used to prevent infiltration, the
seasonally high groundwater level should be below
the level of the liner. If infiltration is allowed, the
maximum likely groundwater level should be at least
1 m below the base of the system.

Swales should not be located where extensive
areas of trees or overhead structures will cause
shade conditions that could limit growth of grass (or
other vegetation).

Figure 17.6 = Swale with vertical side (courtesy EPG
Limited)
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HYDRAULIC DESIGN

17.4.1 General

Swale design is based on open channel design — balancing storage, treatment and infiltration during small
storms with the need for peak flow conveyance during larger events. The hydraulic and treatment design for
swales is therefore integrally linked and design methods for both are covered together in this section.

The following should be accounted for when considering the hydraulic design of all swales:

1 The swale should have adequate capacity to convey and/or store the design return period event
(component level of service). It should be noted that wet swales will tend not to recover so well from
high flows, so a reduced level of service may be appropriate.

2 The swale should have the ability to safely convey extreme event flows, or else excess flows should
be safely passed to appropriate temporary exceedance flow storage areas or conveyance paths.

3 The design event runoff volumes should half empty within 24 hours. This will help to ensure that
storage and treatment volumes are available for subsequent events and, for dry/conveyance swales,
should also protect vegetation from damage by saturated conditions.

1 Conveyance swales

Vegetation in the swale should typically be maintained at a height of 75—150 mm to prevent flattening
during flow events (or suitable planting specified for a greater depth of flow).

Good pollutant removal performance is required for all runoff events up to and including events which
occur, on average, about once a year (termed here the 1:1 year event). The duration of this event should
be the relevant critical duration for the swale. If the swale is draining a road then 15 minutes is likely to be
appropriate. For this water quality design event:

= the depth of flow should be maintained below the height of vegetation (ie usually <100 mm)

= the maximum flow velocity in the swale for such an event should be 0.3 m/s to ensure adequate
runoff filtration

= the time of travel of runoff along the swale (residence time = length/velocity) should be at least 9 minutes
(18 minutes from the top of the swale, if the swale has lateral inflows along its length).

To calculate the average velocity of flow in a swale, Manning’s equation should be used (Section 24.11.1).
The Manning’s “n” value, or the “roughness coefficient” indicates to what extent the surface of the swale
will resist flow, and is critical in its sizing. The coefficient varies with the type of vegetative cover and the
flow depth, and a suggested relationship between flow depth and Manning’s “n” for grass channels is
given in Figure 17.7 with a value of 0.35 recommended for a depth of water below or equal to the height
of the grass. This coefficient will need to be increased for swales that include larger plants and/or a
greater range of plant sizes.

Flow velocities for extreme events should be kept below 1.0 m/s (or 2.0 m/s if slope stability, soil erosion
and safety conditions allow) to prevent erosion. The average Manning’s “n” value for above grass flows
will need to be estimated, depending on the flow depth.

Check dams and appropriate pre-treatment systems can be used to improve both hydraulic and water
quality performance of a swale system by reducing velocities, increasing residence time and increasing
infiltration and/or storage (Sections 17.8.1 and 17.9.2).

Where swales are being designed for conveyance capacity in larger events, it is suggested that design
criteria for these systems should not assume extra allowances for loss of volume. Where swales are to
be designed to discharge significant volumes via infiltration, the systems should be designed as a form of
soakaway or infiltration basin (Chapter 13).

Part D: Technical detail



CIRIA SuDS Manual 2015

Low Flows Intermediate Flows High Flows
o I | | 2 | B R I * T 1 T'T7T 2
0.3 — —_
0.6 — —————— Submergence starting * -]
0.4 — 3% submergence _—
=
% 02 |— -
2
£ 01— Medium-ength sod-forming grass (Bermuda) Complete —
a.08 tested in channels having 5% bed slope. submergence =
é L Order of flows from low to high. -]
0.06 — * Point where channeling or complete =
- inundating of vegetation is beginning ]
0.04 — —
. | L b delsd T NP Y Y
0.005 0.01 0.04 0.10 0.4 10
Depth (m)

Figure 17.7  Impact of flow depth on hydraulic roughness (from Wong, 2006)

2 Dryswales

The enhanced drainage beneath the swale can provide increased flow and storage capacity, extra
Interception performance, a reduced risk of localised ponding and marshy areas developing where
gradients are flat, and improved conditions for infiltration (where ground conditions allow).

Dry swales that are served by an underdrain
need not have an above-ground outfall
(although this is usually required for
exceedance flow management purposes)

and can therefore act as a connected length
of detention basins. Their performance is
complex as the relative head in each swale
serving the underdrain will define its hydraulic
performance. An added uncertainty is that
where the bedding around the underdrain has
a relatively low permeability, the capacity of
the underdrain itself may not be the limiting
condition. Careful design of each element is
needed to assess a system’s performance to
ensure that design events can be dealt with
without downstream flooding.

Figure 17.8  Dry swale with overlying flow control, Upton,
Northamptonshire 