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There are amyriad of requirements with which designers of all drainage systems must comply and
SUDS can provide many of the solutions. There are apparently so many requirements that they may
appear both confusing and daunting.

This paper is not a substitute for athorough knowledge of the contents of the referenceslisted in the
bibliography. However | hope that it will provide some milestones and help to make sense of the
growing complexity of drainage design.

Inthefirst part | have listed some of the essential elements for compliance and | have given the
underlying philosophy behind them. An understanding of the objectives behind the requirements
should foster support for what are difficult targets.

| have used an exampleto illustrate the stepsin a systematic approach to design that will lead the
engineer through this maize and produce a design that is fully compliant with the current Best
Management Practices. In particular it will address the Environment Agency’ s and Water Company’s
requirements on levels of protection.

1. TheDrivers

Protocol on Design, Construction & Adoption of Sewersin England and Wales
Water Framework Directive
PPG25

These three are part of the dissemination of high level political policy affecting drainage design. They
provide aguide for engineers and planners on what is expected but they do not necessarily detail how
to implement it.

Protocol on Design, Construction & Adoption of Sewersin England and Walesaimsto produce a
common approach for designing and constructing all sewers. In particular this has meant a
harmonising of Part H of the Building Regulations with Sewers for Adoption 5™ edition so that sewers
that are not adopted are of adoptable standard. It should ensure that sewerscannot be precluded from
adoption at alater date on the grounds of inadequate design.

The Water Framework Directive requires waters to attain “ Good Ecological Status’. In March, the
European Environmental Bureau Policy Director Stefan Scheur said that of the 25 member states of the
EU only 8 countries (Ireland, Finland, Romania, Estonia, Britain, France, Germany and Sweden) have
implemented the WFD or are in the process of implementing it. We have until 2012 to do it and 2015
to demonstrate it — but what isit?

One of the most important aspects for the design of new drainage is its emphasis on diffuse pollution.
Thisis everything that is not point source pollution e.g. CSOs and industrial outlets etc. Stormwater
wash-off from car parks contains hydrocarbons and heavy metals with other pollutantsin small
quantities. Accumulativeley across ariver catchment, this diffuse pollution is a problem that under the
WFD must be addressed. The only proposed practical way of dealing with the problem is at source
through SUDS. The implementation of SUDS therefore forms part of high level policy unless another
method of dealing with diffuse pollution from new developmentsis proposed and accepted by the
Environment Agency.

It isone of the Environment Agency’ s rolesto promote sustai nable development and its position on
new developmentsisto promote and establish SUDS as normal practice (Phil Chatfield, EA Policy
Advisor Pollution Prevention).



PPG25 continues the theme of improving the environment but it was also the first publication of policy
guidance that suggested climate change had to be accounted for through the Precautionary Principle.

At the time thiswas first mentioned in the late 90’ s no one knew what action designers needed to take
but there is now an accepted approach using sensitivity analysiswhich is detailed later in this paper.

2.  What the Papers Say

21 Part H of the Building Regulations

Thisgives priority to infiltration where possible for the disposal of surface water. Thisrequirement is
compatible with the volume balance requirements set out in the Interim Code of Practice for SUDS
which is discussed below.

2.2 Sewersfor Adoption 5™ Edition, July 2001.

This publication in common with PPG 25 was greatly influenced by the flooding in 1998 which has
been repeated biannually since then. SFAS differs from the previous edition (SFA4, May 1995) in an
important aspect. We have moved away from merely a design specification to a performance
specification. It does not matter to the public, whom we serve, whether a pipe surcharges or amanhole
floods. It matters when water isin their living rooms.

SFAS specified for thefirst time that flood flow paths must be examined as part of the design of sewers
to be adopted. It stated that thiswasto be done for storms above a 30 year return period but it gave no
clue asto how far above a 30 year return period should be checked.

2.3  Draft framework for SUDS May 2003

The EA consulted widely during the drafting of this document and it brought together much of the current
best practice and published it asaguide. It also drew heavily on CIRIA C609 prior to itspublication
which also sought to define best practice in the design of SUDS. These documents provided the first
foundation for a consistent interpretation of high level policy and anational approach to the design of
sustainable drainage.

24 Interim Code of Practice for SUDS July 2004

This superseded the draft framework document last summer. It built on the previous work but
introduced an important new requirement. For more than 30 yearsin the UK new developments have
had to limit their peak discharge to that of the original green-field runoff. However it was still possible
within this requirement to radically change the volume of runoff and increase flooding in the larger
river catchment downstream.

A sitemust usually discharge its runoff through a pond or other storage device designed not to overload
the capacity of downstream sewers. This may involve delaying the discharge over two to three hours
but it is not totally effective in protecting the main river system further downstream. If the overall
volume of water isincreased in this short period then the flows in the river will also increase as ariver
catchment usually has a much longer response time. Either the flow must be delayed further or the
volume of runoff must be reduced. Thisbecame a new requirement in 2004.

25 CIRIA RP 697 :Updated SUDS guidance and
CIRIA RP 699:Designing for Exceedance in Urban Drainage — good
practice

These documents will be published within the next year. On SUDS, CIRIA RP 697 will expand on

CIRIA 609, 2004 and will also contain more design examples. Onexceedance Ciria RP 699 will
emphasise the need for engineersto track overland flows.

Both publications will follow the service levels for flooding and exceedance which have been adopted
as good practice in the UK already through the ICP for SUDS.

We are much closer to anational consensus on all the details of drainage design than at any timein the
last 30 years. However there are engineersin various authorities who have their own ways and



methods and may wish to stick with them. Thereis nothing wrong with some of these approaches but
where there is agreement on a sensible method, | would argue that consistency is more important than
individual preference. Therewill be aneed for some variation in exceptional circumstances and the
professional engineer in consultation with the statutory authorities will be responsible for the final
choice of design criteriain each case. However, consideration should be given to at |east each of the
aspects presented in this paper.

3. Typical Design Criteria
Thetypical design criteriawere originally detailed in CIRIA C609 and modified in the Interim Code of
Practice for SUDS. Reference s also made to the Sewers for Adoption 5™ Edition.

3.1 Treat 90% of average annual rainfall

90% of all rain that may fall onasitein aTypical Y ear should be treated before it |eaves the source.
This may be achieved by providing the treatment volume V1t as permanent storagein apond. The
requirements of Ciria 521 and Ciria 522 to provide 4Vt (retention pond) are now regarded as being too
onerous for residential developments and storage over and above Vt will only be required where ahigh
risk of pollution may exist e.g. alorry park. Theinternational review of best practice conducted for
Ciria 609 found that typically the treatment volume used was about 15mm of runoff from the site. 4Vt
could exceed 40mm and there did not seem to be any basisin international practice for this uniquely
onerous specification.

3.2 Check for 1, 30 and 100 year runoff.

The capacity of anatural river is equivalent to about the mean annual runoff (RP 2.33 years). It had
been common practice on new developments to allow the mean annual discharge based on the runoff
from the undevel oped site. Inthe 1970’s ponds were sized to accommodate the 5 or 10 year return
period storm. Thisrequirement was inflated over the yearsto typically a 100 year return period
without ever allowing any increasein discharge. So the allowable discharge from a site was based on a
return period of 2.33 years during the occurrence of a 100 year storm. |If peak discharge was the only
conveyance measurement of ariver catchment regime it could be argued that this specification was
inequitable.

The new guidance addresses thisissue. A discharge equivalent to a 100 year RP runoff from the
natural catchment will be allowable from developed sites during a 100 year storm. Checks also have to
be made for the 1 and 30 year cases to ensure equivalence with the natural catchment for a range of
return periods.

The peak volume criteria detailed below must also be met, see 3.5.

3.3 Noon-steflooding for the 30 year event

It had been assumed that drainage systems designed using the Rational Method for no surcharging in
the 1 & 2 year return periods would probably offer a protection against flooding of about a 20 year RP.
Thisis not alwaysthe case and it became common practice after 1985 to check this assumption using
simulation. In 1995 Sewers for Adoption 4 edition formalised the requirement for adoptable sewers.
Proof, usually through simulation analysis, had to be furnished that no flooding would occur for a 30
year RP —an increase over the traditional 20 year RP which is still used in the European Standard BS
EN 752.

Note: Engineers often assume that to comply with the requirement to limit discharge under 3.2 above
that they must now design the drainage network for no flooding in the 100 year storm (and include
climate change). Asl will detail later, it is necessary to demonstrate that the flood flows for the 100
year RP storm are contained on-site and routed through storage, but it is not necessary to convey these
exceedance flows in the drainage network.

34  Protect Floor dabsto a 100 year RP, up to a 200 year RP

Theinsurance industry has often set requirements at these levels for major industrial developments.
The cut off for insuring new housing is currently a 75 year protection against flooding so it would be
unwise not to comply. Also these requirements are interrelated with the new requirement to detail
flood flow paths (SFA5) and also the need to account for climate change (PPG25, ICP SUDS & CIRIA
609) which is detailed later in this paper.



35 Peak Volume.

The volume of runoff from a site must be limited to the volume of runoff from the natural catchment.
If this requirement cannot be met then the peak discharge will be based on the older requirement of the
green-field mean annual discharge from the site during a 100 year event. In other words parity on the
100 year pre- and post-devel opment discharge will not be granted unlessit can be demonstrated that
thereis parity on volume.

The volume of discharge from the natural (i.e. undeveloped) site must be determined for the 100 year
event. Thisposesan additional problem —what storm duration should be chosen? Asitisusually the
intention to protect the downstream river the critical duration for the river catchment should be
determined. Thisisan additional complication which has been simplified by the choice of a 6 hour
duration which isregarded as significant for river catchments. If the post development discharge
volumeisless than the original natural catchment run-off volume then the on-site storage will be
allowed a discharge rate equivalent to that of 100 year RP event on the natural catchment.

It isdifficult to meet this condition unless infiltration isincorporated into the design. On clay sites, or
whereinfiltration is not permitted, an alternative is proposed. The maximum 100 year runoff may still
be permitted if the excess volume is stored in long term storage and released slowly — below 2 I/s/ha.
Thishas asimilar effect on protecting the river catchment. Technically infiltration provides retention
storage while the latter is a detention storage sol ution.

3.6 Climate Change

The best way of catering for climate changein anew development is through sensitivity analysis.
Rainfall istypically increased by 10% or, in the case of rivers, flows are typically increased by 20%
(CIRIA C609). However at thistime the degree of climate change is not known and it may not be
reasonable to increase the size of pipes and conduitsto take this additional flow.

Neverthelessit is necessary to demonstrate that exceedance flows above ground do not cause buildings
to flood for the 100 year return period. The additional effect of climate change can be taken into
account here.

The 100 year RP + 10% to +20% is roughly equivalent to a 30 year return period +50%. Thisanalysis
of flood flow paths caused by climate change also yields compliance with the SFAS5 requirement to
track flood flow paths above the 30 year return period events.

4.  TheCalculation / Design Procedure

An example based on a 51 hectare site, analysed by Micro Drainage’ sWinDes, isused toillustrate the
solution. Note that the method can and should be applied to all sizes of new developments—thereisno
lower limit.

4.1  Allowabledischarge.

Development size M ethod
<50 ha IH 124 and use pro ratato 50haresuilt.
50-200 ha UseIH 124 normally
>200 ha Use FEH, Unit Hydrographs or IH 124,
Based on ICP SUDS,Table6.1. aln g ==
) i . ( Lo 124 Input TT FEH Input TT Auf::fwaig‘\:n[;':f T] ICP SUDS Input
The calculation of allowable dischargeis e 7 e |

Areaha) [ 51000

SUDS. The ADAS method is still specified L
by The Highways Agency HA 106/04andis |~ ' ™
availablein the software. 1H 124 is
applicable to catchments up to 2000 ha but e |
additional analysis may be justified on

developments larger than 200ha. The Unit

Hydrograph method is not difficult to apply

using WinDes and unlike IH 124 it is

sensitiveto site slope.

based on IH 124 as modified by the ICP T T e i el e[ e x

Figure4.1 - ICP SUDS Input in the WinDes Source
Control Module.



The 1, 30 & 100 year RP and mean annual events must

7 Quick Storage Estimate (B
be calculated to demonstrate compliance with ICP = TL T
SUDS. A separate ICP SUDStab is provided in the S
Source Control module of WinDes, version W.10, to
automatically account for the modified use of IH 124. :

vt / 8oll 3 (09671,
4.2  Treatment Volume ™
There are two methods detailed in CIRIA C521 for the : y
calculation of Vt. Oneis based on M5-60 and the other S
on continuous analysis. Both are supported in Source I o e R
Control version W10. e e S R e

Figure4.2 - Results Page from Vit
calculation based on M5-60.
4.3 StorageVolume
A quick storage estimate is provided (with or without infiltration) as an initial guide.

Detailed storage design is then carried out of each element of the drainage system. The elementsare
analysed in sequence and combined with the full network ready for simulation.
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Figure 4.3 - Graphical Results of a Quick

Storage Estimate Figure 4.4 - Example of pollutant removal

percentages for a SUDS structure.
4.4  Diffuse Pollution

Version W10 of WinDes also provides a comparative analysis of the pollution removal of aSUDS
train. The designer may alter the layout of the SUDS elements to maximise treatment.

45 Network Build / Design

A tabular or graphical interfaceis provided for
model build. The Drawnet graphical input is
shown in figure 4.5. Modified Rational Method
analysisfor conduit sizing isintegrated into the
module and is automated through an optimisation
procedure.

[ | L >

4.6  Greenfidd Runoff Volume

The unit hydrograph method (both FSR and FEH
supported in SIMAPT) may be used to determine
the runoff volume for the 6 hour 100 year RP
storm. |If the new design for the development does
not produce more runoff for the same event then Figure4b5 - Graphical input in the DrawNet
the 100 year greenfield runoff will be permitted as module.

the maximum discharge from the site. Otherwise

long term storage will need to be used for the excess volume or, failing that, the mean annual discharge
should be adopted as the maximum allowable.




4.7 Developed Peak
Discharge

Storage and infiltration
structures, designed and tested
in Source Control to comply
with the allowable discharges
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into the full simulation model.
This model may also include
any rural catchment or
undeveloped areas that link into
the drainage network to yield a
holistic analysis.

A range of wizards are provided
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in SIMAPT to confirm the
maximum discharge for a series
of summer and winter events.
The 1, 30 and 100 year RP
results must be produced.

Figure 4.6 - Unit Hydrograph input and resultsscreens.

4.8 Developed Volume Peak: Option 1, Storage only.

The maximum volume discharge for the 100 year 6 hour event is calculated and compared with the
green-field runoff.

In this example a pond with adual control has been used successfully to limit the peak rate of discharge
(Qyr RP, 92I/s. 30 yr RP, 243 |/s. 100yr RP, 346 I/s).

However the volume discharge for a 100 year RP, 6 hour event has increased from approximately
10700n? to 18700nT. This developed catchment will increase the runoff volume by 80% while not
exceeding the undevel oped peak discharge.

| Total Volumes: Ower Dverflow (Spill Flow) 0.000rF  Pipe 10837, 2600

Figure4.7 - Caption from the hydrograph tables in the Simulation modul e showing
the pre-devel opment runoff volume.

f Total Volumes: Over Overflow (Spil Flow) 0.000m  Pipe 187370300

Figure 4.8 - Caption from the hydrograph tablesin the Simulation module showing
the post-devel opment runoff volume.

Thisillustrates that peak discharge is not the only important parameter. 8000 m3 must be put into long
term storage or infiltrated. If neither of these optionsis possible the discharge from this site must be
reduced to the mean annual level, areduction from 346 I/sto 108 I/s. The storage pond will haveto be
increased in size from 15,000 m3 to 20,000 m3. Therefore the long term storage option may be less
economical than simply increasing the main on-site storage (5000 m3 extrain “normal” storage or
8000 m3 extrafor long term storage).

| Total Yolumes: Ower Dverflow [Spill Flow] 0000 Pipe 811345207

Figure 4.9 - Caption from the hydrograph tables in the Simulation module showing
the post-devel opment runoff volume when infiltration is utilised.



49 Developed Volume Peak: R e

Option 2, Storage with Infiltration
Again Source Control is used to design the
required storage but thistime infiltration
structures areincluded in the design. The
overall storage requirement reduces from
15,000 m3to 12,500 m3. The 100 yr, 6
hour runoff volumeis also reduced to 8100
m3 which is a 25% improvement from the
undevel oped case.

A

Flow 1)

&l Simulation Graphs for 1440 minute Storm

Tlow ()

If infiltration is possible on a siteit really
should be considered. In thiscaseitis by far
the best option. Only 30% of the storage
structures on this site used infiltration. This Figure 410 - Flows and volumes from the

alsoillustrates how beneficial it can beto undevel oped catchment (top left) and the devel oped

route roof drainage to soakawaysevenif itis  carchment using infiltration (bottom right).
not possible to infiltrate any other part of the

network.

5 Final Checks:
51 Design Audit to Sewers for Adoption 5" Edition

SFA 5 has several key requirementsin addition to the 30 year RP service level on site flooding. These
include minimum self cleansing velocity, maximum distance between manholes, manhole sizing etc.
WinDes SimAPT provides an audit wizard that checks the design against awide range of parameters
including self-cleansing velocities in tank sewers for low flows.

[ Design Audit Variables X
@ o = Roun (14
T oo T FIFIFTF 28 0, it et 31 o) gl 12
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¥ Flood Mirimum B ackdrop (m) "DZT‘ ﬂ
¥ Storsge Chack Masinum Backden (v [1500 i e || e
¥ Pipe Diameter ¥ Ful Bore Velocity ot
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i city(mis]  [300
fionon i
s [too Reset
Aceuracy [m] oo Mas citg(més]  [300 ResetAl
Figure4.12 - Resultsfrom a Seasonal Return
Figure4.11 - Variables that SImAPT Period Wizard showing maximum discharge rates
uses to audit adesign. for the 100 year Return Period.

5.2  Run-Off parity to ICP SUDS
Use the seasonal return period wizards to audit
run-off parity. If it has not been done by now
then the before and after devel opment run-off
volume for the 100 year 6 hour storm must be
calculated.

5.3 Climate Change and

Exceedance

The “Sensitivity Wizard” is set to a 100 year
return period, +10% and +20%. Usethe 3d
imaging available in SImAPT to inspect flood
flow paths. If flood flow paths threaten
building locations then landscape features may
be designed into the 3d model to divert flows.
Road layout and detailing can also be
inspected — DTM and road design datamay be
downloaded into the model.

Figure 4.13 - Exceedance flows generated on a
DTM. Yellow shows flow route and dark blue
shows ponding areas.



6

agrwbdpE

o

10.

11

13.

14.
15.

16.

17.

18.

19.

20.
21

23.

24.

25.

Bibliography

Flood Studies Report. Volumes 1-5, Institute of Hydrology, 1993.

Flood Studies Supplementary Report 2, Low Return Period Floods, Institute of Hydrology, 1977.
Flood Studies Supplementary Report 5, Urbanisation, Institute of Hydrology, 1979.

Flood Studies Supplementary Report 6, Small Catchments <20km, Institute of Hydrology, 1978.
Flood Studies Supplementary Report 14, Regional Growth Curves Reviewed, I nstitute of
Hydrology, 1983

Flood Studies Supplementary Report 16, Unit Hydrograph Model Updated, I nstitute of Hydrology,
1985

Design and Analysis of Urban Storm Drainage - The Wallingford Procedure, Volume 1,
September 1981.

The design of field drainage pipe systems, ADAS Reference Book 345, 1982.

Design of flood storage reservoirs, Ciria Book 14, 1996.

Report No.124, Flood estimation for small catchments, Institute of Hydrology

Infiltration Drainage, Manual of Good Practice, CIRIA Report 156, 1996

Rainfall Frequency Estimation Flood Estimation Handbook, Volume 2, Institute of Hydrology,
1999.

Sustainable Urban Drainage Systems design manual for Scotland and Northern Ireland, Ciria521,
2000.

Sustainable Urban Drainage Systems design manual for England and Wales, Ciria 522, 2000.
Sewers for Adoption 5th Edition - A Design and Construction Guide for Developers, WRC
Swindon 2001.

Framework for Sustainable Drainage Systems (SUDS) in England and Wales, National SUDS
Working Group, May 2003.

HA106/04 Drainage of Runoff from Natural Catchments, Design Manual for Roads and Bridges,
Volume 4 Geotechnics and Drainage, Section 2 Drainage, Hiways Agency 2004.

Sustainable Drainage Systems - Hydraulic structural and water quality advice, S.Wilson, R.Bray,
P.Cooper, CIRIA C609, London, 2004.

Interim Code of Practice for Sustainable Drainage Systems, National SUDS Working Group,
ODPM, DEFRA, Welsh National Government, July 2004.

CIRIA Research Project 697, SUDS, 2005

CIRIA Research Project 699, Risk & Exceedance, 2005

D’Arcy, B.J,, Ellis, JB., Ferrier, R.C., Jenkins, A. and Dils, R. Diffuse Pollution Impacts: The
Environmental and Economic Impacts of Diffuse Pollution in the UK. Terrence Dalton
(Publishers). 2000

Planning Policy Guidance for Development and Flood Risk. PPG25 DETR. 2000 (several
updates)

Chatfield, P., SUDS — an update from the Environment Agency, Sewerage 2005, WTI,
15/03/2005.

BS EN 752 : Drain and sewer systems outside buildings. 1996-1998



