SCOTTISHPOWER
RENEWABLES

East Anglia ONE North
and East Anglia TWO
Offshore Windfarms

Applicants’ Responses to
Hearings Action Points
(ISH16 and ISH17)

Applicants: East Anglia TWO Limited and East Anglia ONE North Limited

Document Reference: ExA.HA.D11.V1
SPR Reference: EAIN_EA2-DWF-ENV-REP-IBR-001100

Date: 7t June 2021

Revision: Version 01
Authors: Royal HaskoningDHV, ScottishPower Renewables and Shepherd and

WedderburnLLP

Applicable to East Anglia ONE North and East Anglia TWO



SCOTTISHPOWER
RENEWABLES

Applicants’ Responses to Hearings Action Points

7t June 2021

Revision Summary

Rev Date Prepared by Checked by Approved by

Royal HaskoningDHV,
ScottishPower
01 | 07/06/2021 Renewables and
Shepherd and
WedderburnLLP

Lesley Jamieson / lan

Mackay Rich Morris

Description of Revisions

Rev | Page Section Description

01 n/a n/a Final for submission at Deadline 11

Applicable to East Anglia ONE North and East/Angliar IWo Page |



SCOTTISHPOWER

Applicants’ Responses to Hearings Action Points

2th June 2021 RENEWABLES
1 Applicants’ Responses to Hearings Action Points 1
1.1 Introduction 1
1.2 Applicants’ Response to Issue Specific Hearing 16 2
1.3 Applicants’ Response to Issue Specific Hearing 17 6
Appendix 1 9

Applicable to East Anglia ONE North and EastAnglia TWO Page ii



SCOTTISHPOWER
RENEWABLES

Applicants’ Responses to Hearings Action Points

7t June 2021

This document is supported by the following appendices:

Appendix Title

number

1 The SUDS Manual (C753F) (CIRIA, December 2015)

Applicable to East Anglia ONE North and East/Angliar nwo Page iii



Applicants’ Responses to Hearings Action Points

7t June 2021

SCOTTISHPOWER
RENEWABLES

Glossary of Acronyms

DCO Development Consent Order

ESC East Suffolk Council

EMP Ecological Management Plan

ExA Examining Authority

ISH Issue Specific Hearing

LMP Landscape Management Plan

NGET National Grid Electricity Transmission

OCoCP Outline Code of Construction Practice

OLEMS Outline Landscape and Ecological Management Strategy
OODMP Outline Operational Drainage Management Plan
SASES Substation Action Save East Suffolk

SuDs Sustainable Urban Drainage
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Glossary of Terminology

Applicants

East Anglia TWO Limited / East Anglia ONE North Limited

The Councils

East Suffolk Council and Suffolk County Council

Development area

The area comprising the onshore development area and the offshore
development area (described as the ‘order limits* within the Development
Consent Order).

East Anglia ONE North
project

The proposed project consisting of up to 67 wind turbines, up to four
offshore electrical platforms, up to one construction, operation and
maintenance platform, inter-array cables, platform link cables, up to one
operational meteorological mast, up to two offshore export cables, fibre
optic cables, landfall infrastructure, onshore cables and ducts, onshore
substation, and National Grid infrastructure.

East Anglia TWO
project

The proposed project consisting of up to 75 wind turbines, up to four
offshore electrical platforms, up to one construction, operation and
maintenance platform, inter-array cables, platform link cables, up to one
operational meteorological mast, up to two offshore export cables, fibre
optic cables, landfall infrastructure, onshore cables and ducts, onshore
substation, and National Grid infrastructure.

Horizontal directional

A method of cable installation where the cable is drilled beneath a feature

drilling (HDD) without the need for trenching.

Landfall The area (from Mean Low Water Springs) where the offshore export cables
would make contact with land, and connect to the onshore cables.

Link boxes Underground chambers within the onshore cable route housing electrical

earthing links.

National Grid substation

The substation (including all of the electrical equipment within it) necessary
to connect the electricity generated by the proposed East Anglia TWO /
East Anglia ONE North project to the national electricity grid which will be
owned by National Grid but is being consented as part of the proposed
East Anglia TWO / East Anglia ONE North project Development Consent
Order.

National Grid substation
location

The proposed location of the National Grid substation.

Onshore cable corridor

The corridor within which the onshore cable route will be located.

Onshore cable route

This is the construction swathe within the onshore cable corridor which
would contain onshore cables as well as temporary ground required for
construction which includes cable trenches, haul road and spoil storage
areas.

Onshore cables

The cables which would bring electricity from landfall to the onshore
substation. The onshore cable is comprised of up to six power cables
(which may be laid directly within a trench, or laid in cable ducts or
protective covers), up to two fibre optic cables and up to two distributed
temperature sensing cables.

Onshore development
area

The area in which the landfall, onshore cable corridor, onshore substation,
landscaping and ecological mitigation areas, temporary construction
facilities (such as access roads and construction consolidation sites), and
the National Grid Infrastructure will be located.

Onshore infrastructure

The combined name for all of the onshore infrastructure associated with
the proposed East Anglia TWO / East Anglia ONE North project from
landfall to the connection to the national electricity grid.

Onshore preparation
works

Activities to be undertaken prior to formal commencement of onshore
construction such as pre—planting of landscaping works, archaeological
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investigations, environmental and engineering surveys, diversion and
laying of services, and highway alterations.

Onshore substation

The East Anglia TWO / East Anglia ONE North substation and all of the
electrical equipment within the onshore substation and connecting to the
National Grid infrastructure.

Onshore substation
location

The proposed location of the onshore substation for the proposed East
Anglia TWO / East Anglia ONE North project.
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1.1 Introduction

1. This document has been prepared to address actions addressed to the
Applicants arising from the Issue Specific Hearings (ISHs) held virtually on
Wednesday 26" May, and Friday 28" May 2021 Responses to actions addressed
to the Applicants are provided in sections 1.2 to 1.3 below.

2. This document is applicable to both the East Anglia ONE North and East Anglia
TWO Development Consent Order (DCO) applications, and therefore is
endorsed with the yellow and blue icon used to identify materially identical
documentation in accordance with the ExA procedural decisions on document
management of 239 December 2019 (PD-004). Whilst this document has been
submitted to both Examinations, if it is read for one project submission there is
no need to read it for the other project submission.
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1.2 Applicants’ Response to Issue Specific Hearing 16

3.

Table 1 responds to actions addressed to the Applicants in ISH16.

Table 1 Applicants' Response to ISH16 Actions
Number Action Applicants’ Response ‘

4 Location of National Grid Substation National Grid Electricity Transmission (NGET) is responding on the
Please provide further information and details to clarify technical point in their response to ISH16 Action Point 5.
submissions in relation to the efficiencies of siting the The need to maintain efficiencies within the design of the onshore
National Grid Substation (whether AIS or GIS) in the location | substations require the onshore substations to be located as close as
shown in the R17QE response [AS-122]. Please describe possible to the National Grid substation albeit the Applicants note the
and quantify the efficiencies you have referred to and state need to balance this with environmental considerations which will be
whether these would be in terms of performance/longevity of | considered in the application of the Substations Design Principles
the infrastructure or financial considerations. If the latter, then | Statement.
please state how this would relate to the viability of the
project(s) overall.
6 Surface water run-off containment during construction The Applicants have submitted an updated Outline Code of
. . . Construction Practice (OCoCP) (document reference 8.1) at Deadline
The applicants are requested to provide a further submission . . i N :
. . . . 11 which now includes details of an indicative construction phase
responding to the issues raised by ESC and SASES in .
) . ) . drainage scheme.
relation to containing surface water run-off in the construction
phase both within the cable corridor and within Works No.33
using worst case scenario. This should demonstrate that
indicative measures can be contained within the Order limits
and provide prudent and adequate mitigation against run-off
related hazards at Friston; and if not to provide a thorough
justification explaining why. if this information has been
provided for the proposed.
7 Sizewell C 1:100 year return There are currently no prescribed standards for the provision of
Applicants to provide commentary on why if the Sizewell C copstructlon.dra.lnage. As the construction programme for the National
X . i ; . Grid substation is up to 48 months, and up to 24 months for the onshore
project are using a 1:100-year return period for construction
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Number Action

run-off management, it cannot be provided for EA1(N) and
EA2.

Applicants’ Response

cable route, the Applicants consider use of the 1:100 year return period
for construction run-off management to be excessive.

The Applicants have updated the Outline CoCP (document reference
8.1) at Deadline 11 to include indicative details of construction drainage
proposals using the 1:15 year return period at the National Grid
substation and onshore substations locations and 1:10 year return period
along the onshore cable route. Use of these return periods is considered
appropriate as they would accommodate over three times the relevant
construction programmes. Regarding the cable route, this is also in line
with the recommendations of ‘Control of water pollution from linear
construction projects’ (C649) (CIRIA, 2006), which suggests use of a 1 in
10 year return period.

Regardless, the Applicants have also interrogated the Order limits
regarding the 1:100 year return period and can confirm the following:

e For construction of a 100m length of the cable route it would be
necessary to provide 86.8m? of attenuation. As an example, this
would require provision of a basin 27m in length, 8.4m in width
and 1m depth every 100m (i.e. over one quarter of the cable
route length would be dedicated to surface water management).

e For construction of the National Gird substation and onshore
substations it would be necessary to provide 16394m? of
attenuation. For comparison, this represents an additional
3,728m?e to that required for the 1:15 year return period as
presented in section 11.1.5 of the updated Outline CoCP
(document reference 8.1) submitted at Deadline 11. The
Applicants consider this to be impracticable and unnecessary.

8 Results and commentary in relation to on-going
infiltration testing

The Applicants will submit an updated Outline Operational Drainage
Management Plan (OODMP) on Friday 11th June 2021 which will
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Number Action Applicants’ Response
To be submitted into the examinations as soon as possible to | include the results of six full infiltration tests undertaken at the substation
enable a decision to be made on acceptance by the ExAs site.
and for IPs to comment by D12 if possible.

9 CIRIA SUDS Manual The Applicants have submitted The Sustainable Urban Drainage (SuDS)
Please submit the most recent edition of the CIRIA SUDS Zﬂanualtj<c7153]!:t)h(CI(leA, Dectember 2015) at Deadline 11, please see
Manual (C753F) (December 2015) into the Examinations. ppendix L ot this document.

10 Updated Outline Operational Drainage Management Plan | a. The Applicants have now completed further infiltration testing within

(OODMP)

Applicants to provide a consistent position in relation to
the Factor of Safety in the revised Outline Operational
Construction Management Plan.

Water levels to be shown on the cross-sections in future
iterations of the OODMP.

Applicants to consider relocation of the additional storage
area proposed to be relocated downstream from its
current location north of the National Grid Substation.

Applicants to report on discussions with the EA in respect
of funding any required additional maintenance of the
Friston Watercourse to address SCC concerns in relation
to potential discharge into the Friston Watercourse.

Applicants to report on discussions with SCC highways
over structural stability of road over pipe and potential
maintenance

the areas proposed for the sustainable drainage system (SuDS) basins
at the National Grid substation and onshore substation locations. The
OODMP is therefore being updated to reflect revised infiltration rates
using a Factor of Safety of 10 (applied to the infiltration element only) as
requested by Suffolk County Council. The updated OODMP will be
submitted to the Examinations on Friday 11" June 2021.

b. Water levels will be shown on the cross-sections in the updated
OODMP being submitted to the Examinations on Friday 11" June 2021.

c. The Applicants are considering this as part of updating the OODMP
and will confirm the outcome of this process within the document to be
submitted to the Examinations on Friday 11" June 2021.

d. The Applicants will enter into an agreement with the Environment
Agency prior to commencement of Work Nos 30 and 41, which will
address matters relating to any additional inspection or maintenance
works required on the Friston watercourse (Main River). This is a
common process for promoters of a wide range of developments which
connect their surface water drainage to a main river. The Statement of
Common Ground with the Environment Agency (REP8-124) will be
updated to reflect this at Deadline 12.
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Number Action Applicants’ Response
e. The Applicants will provide an updated concept design of the
discharge arrangement within the OODMP on 11th June 2021. This
concept design will be informed by ongoing discussions with Suffolk
County Council.
11 Order/Works Plans The Applicants will provide the requested plan within the OODMP to be
. . . . submitted to the Examinations on Friday 11% June 2021.
Applicants to provide an inset plan at a suitable scale to
demonstrate that the proposed outfall to the Friston
watercourse is located within the Order limits.
12 Proposed SUDS basins Design of the SuDS basins is very flexible, and they can be tailored to

Please provide any further detail available in respect of the
likely appearance, fencing, bunding, engineering works,
landscaping, biodiversity, and heritage impacts of the
proposed SUDS basins.

sensitively reflect the surrounding area / landscaping proposals. They
are most likely to be close cut grass depressions and could be planted
with wild meadow grass or small shrubs. Any planting will be in line with
the approved Landscape Management Plan (LMP) and OODMP. There
is unlikely to be a requirement for fencing around the basins, but they will
be signposted to inform people of their function and warn that they may
contain up to 1m of water during extreme rain events (it should be noted
that during normal dry conditions the basins would not visibly contain
water). Any bunding / batter slopes will be engineered as water retaining
structures to the appropriate design standard, but are likely to be created
from onsite excavation materials and will also be planted with grasses.
The SuDS basins offer the opprtunity to make a positive contribution to
the LMP and Ecological Management Plan (EMP).
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1.3 Applicants’ Response to Issue Specific Hearing 17

4.

Table 2 responds to actions addressed to the Applicants in ISH17.

Table 2 Applicants' Response to ISH17 Actions
Number Action Applicants’ Response ‘

4 Engagement with ESC and SASES on noise provisions The Applicants have concluded discussions on noise matters with East
Suffolk Council (ESC).
Noting the potential to reach final agreed positions on The_ Applicants have arranged a meeting with _ESC and Substation
S . . Action Save East Suffolk (SASES) post Deadline 11 where the relevant
provisions relevant to the control of noise, the Applicants are . - . . .
asked to engage in final dialogue with ESC and SASES. n0|S(=T spemapsts from these orgamsfatlons, a'nd the Applicants’ noise
specialists will be present. The Applicants will update the ExA on these
discussions at Deadline 12.
5 Impacts on noise on ecological receptors The Applicants do not intend to make any amendments to the draft DCO
but have agreed with ESC to update the Substations Design
Principles Statement (document reference EXA.AS-6.D11.V3) to
Applicants to submit potential drafting amendments regarding | provide for the Operational Noise Design Report to set out the particulars
the control of impacts from noise on ecological receptors. of high frequency noise data and have updated the Outline Landscape
and Ecological Management Strategy (OLEMS) to provide that Work
No. 29 will be designed and implemented to promote suitable habitat for
foraging bats. This approach has been agreed with ESC and the
Applicants understand that this resolves ESC’s concerns on this matter.
7 Certified Documents (Schs 17) audit Noted.
The Applicants have been requested to carry out a final audit
and to submit a position statement on all documents to be
referred to in Schs 17 (certified documents).
If there are matters still unagreed in relation to documents
that are capable of agreement, versions are requested to be
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Number

Action

submitted at D11, to enable Ips to respond to them at D12
and agreement and / or final changes and any outstanding
matters to be noted before the end of the Examinations.

If this cannot be achieved for good reason, the Applicants are
requested to engage directly with relevant interested parties
S0 as to ensure that, whilst a final draft text might not be
made available at D11, position by both the Applicants and
Ips can be provided by D12. If needs be, the Applicants may
request the ExAs to receive and publish additional
submissions to support this process.

Applicants’ Response

Proposed removal of Plot 10 from the Land Plans

Provide documents and plans in respect of your proposed
change to exclude this land from the Order land.

The Applicants confirm that the following documentation has been
updated at Deadline 11 to reflect the removal of Plot 10 from the order
limits:

e Deadline 11 Project Update Note (document reference
ExA.AS-12.D11.V1)

e Land Plans (onshore) (document reference: 2.2);
e Works Plans (onshore) (document reference: 2.3.2);
¢ Book of Reference (document reference: 4.3);

e Book of Reference Schedule of Changes (document
reference: 4.3.1);

e Statement of Reasons (document reference: 4.1);
e Funding Statement (document reference: 4.2); and

An updated version of the draft DCO (document reference: 3.1) will be
submitted at Deadline 12 in accordance with the Examination Timetable
and the updated version will reflect this change.
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Number

10

Action

CA & TP documents and plans

Provide for each application final and up to date versions of:

The Land Plan; and
The plan showing any Crown land (offshore):

and also provide clean and tracked change copies of final

and up to date versions of all relevant CA and TP documents,

including:

The Statement of Reasons;

The Funding Statement and appendices;

The Book of Reference (ensuring that those persons
admitted under s102 and additional Category 3
persons in Part 2 as a result of continuing due
diligence are all included);

Schedule of CA and TP objections pursuant to our
ExQ1.3.2;

The position in respect of PA 2008 section 127
Statutory Undertakers’ Land or Rights pursuant to
our ExQ1.3.4; and

The position in respect of PA 2008 section 138
Statutory Undertakers’ apparatus etc pursuant to our
ExQ1.3.5 in respect of extinguishment of rights and
removal of apparatus.

Applicants’ Response

The Applicants will provide updated versions of these documents at
Deadline 11 and to the extent that there are updates to any of these
documents prior to the close of Examination, these will be submitted on
or before Deadline 13.
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Who we are

Established in 1960, CIRIA is a highly regarded, industry-responsive, not for profit research and information
association, which encompasses the construction and built environment industries.

CIRIA operates across a range of market sectors and disciplines, providing a platform for collaborative projects
and dissemination by enhancing industry performance, and sharing knowledge and innovation across the built

envi

ronment.

As an authoritative provider of good practice guidance, solutions and information, CIRIA operates as a knowledge-
base for disseminating and delivering a comprehensive range of business improvement services and research
products for public and private sector organisations, as well as academia.

How to get involved

CIRIA manage or actively participate in several topic-specific learning and business networks and clubs:

Post Griffin Court, 15 Long Lane, London, EC1A 9PN, UK
Telephone +44 (0)20 7549 3300

Fax +44 (0)20 7549 3349

Email enquiries@ciria.org

Website www.ciria.org

Core membership

Allows your employees to assist with the development of
and access to good practice guidance, formal networks,
facilitation, conferences, workshops and training.

Associate membership

Allows your employees to access CIRIA’s services.
Members are able to access exclusive content via the
CIRIA website.

The CIRIA Network

A member-based community where clients and
professionals meet, develop and share knowledge
about specific topics relevant to construction and the
built environment.

CIRIA Books Club

Members can buy most CIRIA publications at half
price and can attend a range of CIRIA conferences at
reduced rates.

® Project funding

Project funders influence the direction of the research
and gain early access to the results.

LACL (Local Authority Contaminated Land
Network)

LACL helps local authorities address responsibilities
under Part llA of the Environmental Protection Act 1990.

EMSAGG (European Marine Sand and Gravel
Group)

CIRIA provides secretariat support to EMSAGG, including
management of the Group’s conferences, workshops and
website and producing its newsletter.

BRMF (Brownfield Risk Management Forum)

Promoting sustainable and good practice in brownfield
projects in the UK.

Where we are

Discover how your organisation can benefit from CIRIA’s authoritative and practical guidance - contact us by:

(for details of membership, networks, events, collaborative projects and to access CIRIA publications through

the bookshop)
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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 1]
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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

iv The SuDS Manual
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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 ]
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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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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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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.

Chapter 1: The philosophy of SuDS 19
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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.

CASE The Circle, Uptown Normal, lllinois
STUDY
1.1

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.

Chapter 1: The philosophy of SuDS 23




13

24

CIRIA SuDS Manual 2015

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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Mature trees in planted swale (courtesy lliman Young)
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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
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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
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= 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

I

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
- use, the system may include treatment elements. The system should include
b 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.
— Overlying vegetation and underlying unsaturated soils can offer protection to Chapter 13
i 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 . P ) . e 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 i g ) 2 i . 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
N collection or infiltration. In its simplest form it is often referred to as a rain garden. | Chapter 18
g 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 Chapter 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 quantity Manage the guality of
of runoff to the runoff to prevent
pollution

* support the management of
flood risk, and

* maintain and protect
the natural water

Eygie 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 g b WN -

-

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

Amenity Chapter 5

Support development resilience/adaptability to future change
Maximise legibility
Support community environmental learning

o 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 wWw N -

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

2.3

24

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
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 < ¢ i Chapter 36

its operation and maintenance.

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.

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.

Chapter 2: Introducing the SuDS design approach




3 DESIGNING FOR WATER QUANTITY

Contents

3.1 Water quantity design objective
3.2 Water quantity design criteria
3.3 Water quantity design standards
3.4 References

36 Part B: Philosophy and approach

37
39
44
48



Chapter

03

CIRIA SuDS Manual 2015

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.
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Figure 3.1 Example of a runoff hydrograph
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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.

— Postdevelopment
{with attenuation)

Pre-development

Diacharge

Time

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 yeatr.

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 act