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EXECUTIVE SUMMARY

Background to research

The start of the 21° Centurywitnesseda revolutionin drainagepractices with the impementation of
sustainable drainage systems (SUDSior to 2000, rainfall was managed by directing it away as
quickly as possiblin undergroundpipes Increasing pressures suchveatercourse pollutionstricter
environmental lawsclimate changeand urbanisation called for a paradigm shift with Scotland
leading the way for implementingUDSSUDSare designed to mimic natural drainage processes
managirg rainfall in stages as it drains from @development Collectively this process is called the
stormwater treatment train.The firststage issource contro} with stagestwo and three being site
and regional controlsespectively Source antrol principally contrad and treas polluted runoff at
source(where the rain fallspnd if designed and implemented correctiyrotect watercoursesand
downstream SUD#®irough filtration, infiltration andstorage In Scotland site and regional control
SUDS have become business as usualeveruptake of thestormwater treatment train and the
use of source contrddUD3n practiceis less routine thamvould be expected

Objectives of research

The SUDS Working Party in Scotland isngardisciplinary stakeholder platforrto discussissues

relating to the SUDS agenda and promote their is€009, aconduidi I G A2y LI LISNJ 2y WL
GKS 2F0SN) 9Yy@BANRYYSYyd FyR 21 GSNI { Snapoesa o{ 02
adzadlrAyroftS YIylFr3aSySyid 2F {02ddtFryRQa ¢ G§SNJ NBa:
measures dr the mitigation of diffuse pollution and climate change effects in urban areas was
identified. To assigh thisaspiration the SUDS Working Party commissioned this sttidyCREWb

identify opportunities and barriers to increasing the aké of source control in Scotlanthis report

covers phase one of three-phasestudy. It focuses on trackinghe evolution ofsource controko

gain an insight int@nabling factors and obstacles for succesafitbke of the sgtems. Aliterature

review identified source control origins, thechniques available, and options for their application.

Key findings and recommendations

In the UK research to validate the performance of source control measures rbégeahe early
MppnQad ¢KA& gta SyroftSR o0& aidl ] SK2f R&dattisht G F2 NJ
Universities SUDS Monitoring Group. By thil-1990s,the SUDSoncept was developed which

included source control and outlinadlater quality, quantity and biodiversity / amenity benefits of

the systems. By 200@cottish guidance was developadd by 2006 it became law to implement

SUDS in all new developmentihis was quickly followed by technical standards in 2007. SUDS for

roads networks were addressdd 2010. Currently, many types of source controéxist most of

which have been validated by research and esexmonplace Thestate of the art echniques such

as raingardens, green roofs and rainwater harvestimayvever, have had limitedptakein Scotland.

It is evident that the enabling factors for the uptake of SUia8e been the resultof top down
drivers such as environmental initiatives and regulatidowever, tarity surrounding the definition

and application of source control as part of the stormwater treatment train is becoming a barrier to
its uptake by practitioners. Extengivesearch provided a bottom up driver to validate effectiveness
of the technologies for attenuating pollutantsjitigating flooding anccreating habitatsValidation

of emerging innovative techniqudsowever, such as green roofand rain gardens for different
development types is limited in Scotland and this may prove to be a barrier in the future.

Key words
Sustinable drainage, SUDS, Sourgetml, Stormwater treatment train, Pollution prevention
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1.0INTRODUCTION

The Sugainable Urban Drainage Scottish Working Party via the Centre of Expertise for Waters
0/ w920 O2YYAaaArz2ySR | LINRB2SOG SyidAdft SR WLYLX SYS
CRW2012/27. The project is being carried out by researchers based atyADertersity Dundee.

The project involves three phases:
1. Review of the background tsourcecontrol including the history, various types, and options
2. Appraise howsourcecontrol is being delivered, within the UK anrldwide, and comment
on the approach of theesponsible organisations and professional groups in Scotland.
3. Design, implement and write up the outputs from a workshop to be held at the next meeting
of the SUDs working party on 27th February 2013. Wwhekshop should consider how to
progress this area within the remit of the SUDs working party

This report is theutput from Phase 1Phases 2 and 3 are presenteds@paratereports.

The transitionfrom traditional to sustainable drainage (SUDS) in Scotland began nearly two
RSOIRSa |32 LYy | &aK2NI dAvYySaolrtS {!5{ KI@&S 06SO0:
and many redevelopments. This is true in the caseStdDSvhich manage runoff at the sitggnd at
aregionalscale The uptakeof source control SUDBe less routine than would be expected

The SUDSVorking Party in Scotland is an indésciplinary stakeholder platformestablishedto
discussissues relating to the uptake of the SUDS agenda and promote their use. Thehgraup

been instrumental in delivering Scottish guidance for the design of SUDS (CIRIAWZ0EDvas

subsquently adopted and adapted for national (UK) guidance (CIRIA,. Fala@ying a recognition

to target and addressurface drainage problemand associated high pollutant loading on roads,

national guidance for SUDS for Rodds/e also ben developed (SCOTS, 2010promotion of

sustainable drainage by the grougsulted inSUDS being the legally required norm to drain surface

run-off from all new develoments completed after, or constructed after 1 April 200i& General
.AYRAY3A wdzfS mn 2F GKS /2y(iNRBEESR ! OGA@GAle wS3dA

SUDSre designed to mimic natural drainage processeanaging runoff in stages as it drains from

a site.SUDSutilise thetreatment train concept thattakes account of pollution control for improving
water quality. The first level of trément is source control with levels two and three being site and
regional controls such as ponds and basins. Source control measomé®| and treat polluted
runoff at sourceIf designed and implemented correctltheseprotect downstream SUDS and / or
watercourses through filtration, infiltration and attenuation. Source control iuce management
costs of downstream SUDS through removal of polluted sedidtents, whichalso increases the
amenity benefits &ered by these features. However, there are limited examples across Scotland of
the treatment train and the use of emergiray new generatiorsource control techniques such as
green roofs and proprietary SUDS at the single plot level and in dense udsm ar

In 2009, a consultation paper on Implementing the Water Environment and Water Services
6{020GfFyR0O ! 00 HnnoX GAGESRY 2WiO2LINDI LgRRiALES ta2 (025 NYY
make proportionate and cost effective improvements that wmilke a real difference for delivering

the sustainable management of our water resoute@® { SOl A2y & &AE | yR aSgSy
identified the need for increased source control measures for the mitigation of diffuse pollution and

climate change effds in urban areas (Scottish Government, 2009).
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In order to assist Ministerial aspirations for achieving their Jdn§ N | YOAGA 2y ad F2NJ { O:
environment the SUDS Working Party have commissioned shisly via CREWo identify the
barriersand opportunities to increasing the uptake of source control in Scotland.

2.0HISTORY OF THBURCE CONTROL CONCEPT

Source controlSUDSO Yy 6 S R && man&@merit &f stWmwater as close to source as
LI2aadA0f ST 6KSNB a2dz2NOS Aa GKS LRAYyG 2F O2yidl O4 2
The early use of theetm source control for managing urban stormwater was considered in one of

two contexts: water quality or hydrology. The reasons are important for understanding the origins

of source control SUDS and why there is confuiorsome ofthe techniques and whether or not

they should be considered SUDS. In the early 1990s source control in the UK was a term used by two

sets of professionals. Pollution control officied$ered to the minimisation of pollution risks fromilo

YR OKSYAOIfa o6& O2yGNBEt |0 &2 dzZNO.SydrodgstasetrtNE & y 2
the term in relation to hydrology issues such as flooding and groundwater recharge.

Urban stormwater refers to rainfall driven surface water runoff, whetht drains to surface water
sewers, to combined sewers, enters a watercourse directly as surface runoff, or infiltrates into soil
and groundwater (Elligt al 2004). The reasons behind the origins of innovative approaches to
managing stormwater in thewlt environment in the UK, including source control, are threefold:

1. Water quality issues

2. Groundwater recharge and water shortages

3. River flooding associated with flash floods and latterly pluvial flooding associated with more
intensive rainfall in constraed drainage catchments.

Initially threeorganisations in the UK independently explored more intelligent techniques to manage
stormwater in relation to theséh & & dzS & ¢ 5 QlattiJadoEus enmamagirg stormwater in
combined sewer catchmés using SUDS also became import@ee section 3.4).

The Forth River Purification Board initiated a review of water pollution control issues in 1993, in
anticipation of the reorganisation of theScottish pollution control agencies in 1996 torfoSEPA

the Scottish Environment Protection Agengyfinding of the review was that diffuse sources were a
hitherto unrecognisedbut very significant problem for water quality in the Forth catchmerk.
diffuse source categgrof significant cause of poor water quality was urban drainégePB, 1994
Figurell shows the sources of unsatisfactory quality as determined by chemical and ecological data
in relation to discharges andpution sources.
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Causes of Polluted Waters

Industrial

Ferruginous

Urban run-off Agricultural

Kilometres of unsalisfactory
waters in Classes 2,3,4

Figurel Causes of unsatisfactory river water quality in the Forth Catchment, with reference to a four category
classification scheme whereby 1 is the best and 4 the poorest (FRPB, 1994).

There wasa gras Ay 3 NBO23AyAGA2Y Ay lidloNdifdces 2 § SNIKS k | ¥ NHiy
connections were an important issue. Unpublished surveys in Merseyside shegweage
discharges from surface water drains werabiquitous feature of the drainage network, and similar
investigations confirmed this as a chronic problem in Scotlafdis is still an issue (Boffey, 2012),

and a challenge that could be resolved if implementation of source controhigehs was more
prevalent. The pollution evidence base was extended nationally for Scotland inab@9firther
developedin 2005 (see SEPA 1996 afh€é99, Wilsoret al 2005). The conclusions from thestudies
established the need for infrasteture to trap and degrade wherever possible the contaminants in
urban drainage. This was the basis for water quality drivers and the need for SUDS, including source
controls. Initially (199496) the term for tlese measures s taken from te USA: best
management practices, or BMPs. The term BMP is derived from the Clean Water Act 1972, which
required BMPs to reduce the discharge of pollutants to the maximum extent practicable (Roesner,
1997). BMPs were specifiell-defined pollution control techniques antdad, at the time nothing to

do with managing flood risk or groundwater recharge.

Independently of the water quality investigations noted above, the NRA (National Rivers Authority)
in SE England was concerned with tleea to recharge groundwater, allied with interest in reducing
flood risks exacerbated by urbanisation (Gardieeal 1994). In parallel, investigations at Coventry
University into permeability in the built environment led to interest in permeable pavem@Pratt

et al 1989 and 1995) as well a®ft-engineeredtechnologies for stormwater management. The
result of these studieked to a series of documents entitleBcope for control of urlmarunoffby the
Construction Industry Research and Information Associat@RIA 1992&CIRIA 1992KCIRIA 1992

and CIRIA199). The studieswhich began in 1989looked at the legislative and technical
background for designing appropriatenaff control measures which also acknowledged the need to
incorporate environmental considerations, support conservation and take into consideration the
benefits of enhanced water quality and base flow in streams and rivers.

. & (KS Ydsprationdfdrstordiater managemeimicluded ¢ I ¥ i S NeD12)Q ! N &
1 Capture diffuseaurces of pollutants as close to source as possible
1 Favour drainage techniques that allow for degradation as well as capture of pollutants
1 Encourage drainage infrastructure that minimizes opportunities for wrong connections of
foul into surface water drias
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9 Attenuate peak flows prior to discharge to the water environment

Recharge groundwater
1 Seek to replicate the natural hydrology of the area when providing drainage for the built
environment.

=

Detailed considerations behind those aspirations (drivingphisal policies / actions in the UK) are
set out inTablel1.

Tablel Problem driven stormwater aspirations in UK, rii@90s in relation to source control

Drivers Geographic| Examplelssues Environmental
Focus Regulator

Water Quality Scotland Separately sewerethdustrial estates, Forth River Purification Board,
a) Address existing especially imew townsi.e. Cumbernauld| FRPB, then from 1996 Scottist
intractable, chronic and Glenrothes Environment Protection
pollution Agency, SEPA
b) Prevent newproblems Major roads and housing developments
and industry and commerce
Water Quantity England Imperviousness a major issue for pluvia National Rivers Authority, NRA
a) Addressirban flood flood risks then environment Agency, EA
risks (England and Wales)
b) Addresgroundwater Sealed urban surfaces prevent
recharge groundwater recharge
Loss of natural hydrology | UK Implicated in nobilisation of diffuse Not a statutory aim for
pollutants as well as flooding & regulators, bukey to an
groundwater recharge integrated philosophyor
stormwaterin UK

2.1 Developing the infrastructure aspirations for source control
Best Management Practices are defined as technigtesddress diffuse sources of pollution and

may be procedual or physical structure@Novotny 2003)Table11 showswhy the BMRconcept was
recogrised in Scotland but nads adriver elsewhere in the UKlypical urban BMPs include source
control techniques such as swales and filter stripsrmeable surfacesand end-of pipe features

such as detention basirend retention pondgSchueler 1987, Ellis 1992, Schueleral 1992).The
approach was radical at the time and contrasted with conventional flood risk management solutions
such as nderground storage tanks and dfiie ponds thatdid not encourage infiltration.

One of the ideas that emerged from the USA as an element in the application of BMPs for managing
stormwater was MDCIA, Minimising Directly Connected Impervious Area (Urbonas and Stahre 1993,
Urbonas1999 and Campbelet al 2004). This concept was advocatasl a basic strategic source
control approach to reduce runoff rates and delivery of pollutants to the water environment, by
favouring grass/soil infrastructure or permeable surfaces for groundwater recharge and / or slowing
runoff and allowing sedimentain/filtration. For the aspirations outlined above it became clear that
MDCIA would also eliminate the problem of foul into surface water draiifsthe stormwater
passed over a lawn and grass filter strip prior to connecting with agdkdinage network, any foul

drain contamination would very quickly be noticed and resolfegure22).
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Figure2 MDCIA exemplified for (a) housing in Berlin and (b) Seattle: roof frdisatharges onto front lawn.
Foul connections are not an option.

BMPs were therefore recognised for their primary purpose of addressing diffuse pollution issues,
and the more specific concerns with urban drainage, such as wrong connections.e Quit

independently, the potential of such techniques for allowing recharge of groundwater and more
natural hydrologywasrecognised Therefore landscape features such as swales and filter drains, or

permeable surfaceg SNBE I R@2 O (i SR élindhe WKEERIIEBZHSRIAIBIL).NE f &

The RioEarthsummit (1982 led to the emergence of the sustainable development concept as an
idea to be worked into practical actions (Commission of the European Communit#). 19
Accordingly achiexnng natural hydrological patterns for draining urban areaasvgeen as more
sustainable than conventional techniques as thegduced the environmental impacts of
dzND I Y A &I (i A997). ToesréatiidIack of concrete in many soft engineering techniques was
also seen as a step in the right direction towards sustainable developimgmactice. The passive
basis of treatment and water flows, with minimal maintenaneeas a defining desirable
characteristic.

Thus for some source control techniques, there was a good fit between water quality drivers for
BMPs and for the groundwater recharflow attenuation at source aspirations for urban drainage
infrastructure. Conveyance systenfseesection5) such as swales and filter drains could be adapted
to achieve both functions if considered #ie outset. But this is not true for all source control
techniques. Grass filter strips for example have no gtereolume for flow attenuation of flood risk
storm events, although they are permeable and allow some recharge of groundwater (Magette
1997). It was a feature of many argumentser BMPs that they can have additional environmental
benefits such as enhancing urban wildlifbiodiversity and can add tthe amenity value of urban
landscapes (IAWQ 1996, Stahre 2006, Apostetaki 2006, Apostolaki and Jefferies 2009). To the
problem solving aspirations ifablell, were therefore added desirables, as set outable22.
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OF FGSNJ 5Q! NDe&

HAMHU ®

Soft Less concrete, less €( Swales, ponds, grass filter strips Fit sought within green
engineering | in production landscapingequirements
Passive No pumpng, reduced | Asabove, also permeable pavement Regulator cannotequirepassive
treatment CQemissions treatment

Biodiversity | Enhancing wildlife 1). Where source control measures are in| Guidance published, but often no
interest in urban place, wildlife in any downstream features heeded,e.g. Ponds Pools and
environment such as ponds will be protected from wors Lochans (SEPA 2000).

pollution impactgLBAP spp. colonised

BMP ponds, e.g. greatcrestednewts, Statutory duty for all publicly

reed buntings) funded bodies to promote nature

2). Source controls can avoid need for conservation (Nature

kerbs and gullies that trap amphibians Conservation (Scotland) Act
2004).

Social Enrich quality of urban| Green and blue landscapes. Dry feet and| Public more interested in dry feet

engagement| life winter ice walking (on permeable surfaces than flow attenuation?

Education Raise awareness of | Community engagement projects, signs al Engagement projects at DES\gns
water and wider features, provision of water features in at M40, Oxford services.
environmental issues | schools

Economics | Potential for cost Demonstrated in some case studies, e.g.| Not achievable if an addn rather
savings on new Motorway services in England than alternative.
developments

Water as a | Reduce demand on Rainwater harvesting (i.e. Water Sensitive Waterbutts (rain barrels) providec

resource centralised distribution| Urban Design [WSUD] concept) added as to customersby several UK water
network an aspiration for stormwater managemeni service providers.

by Welsh SUDS working party
2.2 Source control SUDS and the SUDS triangle

The problem driven aspirations to address quality and quantity issues, together with the amenity
and biodiversity elements dfable22, were encapsulated in theoncept of the sustainable drainage
GNALFYy3IES 05Q! ND& .whishag Subseguently eddms & core tefining gomceépt for
SUDS, illustrated iRigure 33. Congquently, the two very different sets of drivers frable 11
(quality and quantity), plus the wider aspects Trable 22 were reflected in the term used
subsequently in the UKsustainable urban drainage systems (SUD&)pite widespread uptake of

that term, initial national guidance (e.g. CIRIA 2000) did not seek to set out an integrated approach
to stormwater management, on the basis that it was the water qualitys of urban BMPs that
were new to the UK, and flood risk measures were already well kn8whsequent guidance has
sought to promote a more integrated concept, encompassing the multiple benefits and sustainability
aspirations of SUDS. Currently the prisnadriver for SUDS haswitched even in Scotland,
increasingly to water quantity issues. Usually a pond is shown in the triangle as the example of a
SUDS feature that can tick all the boxes. All aspects can also apply to a green roof or Bvamnade.
permeable pavement fits the concepghe amenity function is met by providing dry feet, particularly

if stored water is used for watering treeBoad technology without kerbs and gulliesso fits the
concept, as these featurese remgnised hazards for amphibians.
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Amenity,vaiue

~aesthetics

*biodiversity
Figure3¢KS adza il AVl of S RNJ AYL 3S GNRI y 3af S o

2.3 Stormwater management
The SUDS triangle has arguably been a problenmvemeouraging source contrdtiow to reconcile

the morelimitedd O2 LIS 2F a2YS &42dz2NDS O2y G NRf 2 Lliktley a g A GF
2y S TSI (i dzNB geocéday pl&stidistorage volume is stillvalid technique for flow

attenuation, but requires that treatment needs are met eldwre (on the plot or inhie system prior

to discharge). A water butt if full at the time of a rainstorm is no different to a downpipe with no

butt. Rainwater harvesting for domestic use also has been shown to provide a small reduction in
guantity in relaton to large rainfall events. Neither should be discarded as optmrtgequire that

flow attenuation be provided elsewheréhe plurality of benefits in th&sUDSriangle concept

should not prevent distributed achievement of its objectivesacsite

Figure4 Stormwater management train fort@useplot: roof waterisattenuated inan
underground raimwater harvestngtank, with overflowto natural raingarden.The divewayuses
permeable paing.

That would allow at least partial achievement of source contrd,if seen as the only option, and
another part of the system is to be provided elsewhere in the developmanhany insances, all
aspects could still be provided withirsangle plot (unit plot SUDSAlternatively, roof drainage could
be attenuated in gyeocellular unibeneath a lawn, or attenuated via a water butt fitted with a slow
release pipe, and treatment providday a permeable pavement area ftine driveway or a filter
drain.

Page |8
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2.4 Levels of treatment
The original CIRIA SUDS Manual (CIRIA 2000)ded guidance on where and when SUDS

techniquescould be required.The pollution risks olindustrial estatesvere recognised as greater
than other urban areas due to the variety and quantity of pollutants often in use, with traffic, car
parking and all the otherisks present in housing areafhus housekeeping measures atbaf the
premises on a new industrial estate were advocated, samdrce controls at each site, followed by
SUDS conveyance systerasd a regional control such as a retention pond or stormwater wetland.
Thosescales of SUDS applicatioecame known athree levels of treatmenbrganised as above m
Weatment traind Whereby progressively more pollutant is captured cumulatively overttitee
levels, with highest concentratis anticipated in the closm-saurce features, and progressively
greater public amenity along the treatment train to the polishing pond last stage.

For trunk roads and motorways, a lower but still important risk was acceptgairiag two levels of
treatment: a source control featw such as a gravel filter drain (as already standard practice for
motorways in Scotland) or swale, followed by a detention basin or pond. The latter (as on an
industrial estate) would also serve as a holding pond in the event of an acamehting an oil or
chemical spillage.

For housing development only a single level of treatment was requiiieete was much debate in
SUDSNorking Party during the preparation of the SUDS manual as to whether a requirement for

source contol could be stablished or, if the developeasreferred to put in enebf-pipe features

should that be acceptable? Either option would be ¢l of treatment. The levelasthus not

related tothe type of treatment, andhow many different processes were provided by one SUDS
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traffic than a suburban street).

3.0THE CURRENT ROLE OF SOURCE CONTROL TECHNIQUES

Source ontrol features are listed iTable 33, together with indications of conveyance capabilities,
functionality for principle statutory driveramenity and ecological benefits and suitable application.
Source conbl SUDS can be further sorted by function, for example for pollution control attributes.
Laboratory and field evidence has shown that hydrocarbons degrade in soil and in gravel, favouring
selection of those types of SUCDRolest al 2008 Napieret al 2010). Consequently, it is possible

to screen source control techniques by type of lars# (and hence predominant pollutants).

Table3 Source control features: conveyance capability, function and application.

Permeable | N | ' Stone fill base must have sufficient storage volur storage volur

pavement

swale Y All H, S, Li, CPL Filtration. Can absorb soluble pollutants in soil in
low flows especially (detergents etc)

Filter strip N P, A, E(P, GR:| All As above. Topsoil is beneficial for pollutant

limited) degradation, as is exposure to sunlight.

Biofilter N All R,S, Li, CPL As above

Rain garden N All R,S, Li, CPL Large area needed to store water during winter
months

soakaway N All R,Li, CPL By-passes top soil where adsorption &
biodegradation optimal. Not suitable for
contaminated land.
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Waterbutt N F R, Li, I, CPL zero storage when full
Stormwater Y (possible if | F, GR R, S, |, LCPL | Can be installed on a plot by plot basis, e.g.
storage  cells| as under beneath lawn or driveway.
(geocellula) drained
swale)
Filter drain Y All All Volume (void space) critical for flow attenuation
Rainwater N F (P: Limited) | R, I, Li, CPL Limited water quality treatment
harvesting
Green roof N P, AE (F: R, I, Li, CPL Limited storage volume
limited)
Green wall N P,A E (F R, I, LI, CPL V. Limited storage volume
limited)
Tree planters| Y (if linked by| All R, S, Li, CPL | Storage volume limited in planter; frontier
and tree pits under-drain) technicques
Planted rills Y (?) All: Limited P, | R, Li, CPL Filtration. Can absorb soluble pollutants in soil in
F, GR low flows; invalidated frontier technique
Infiltration Y All All Ideal where soil conditions favourable / low
trench pollution risk
Schottelasen N P,GR, A E R, Li, CPL Ideal where soil conditions favourable and low
(gravel turf) pollution risk; frontier technique
Key:

Conveyance: ¥ yes;N = no.Function: P = Pollution controlf= Flood risk managemengR= Groundwater
RechargeA = Amenity; E= Ecology.Application: R = ResidentialH = HighwayS= Streets; = Industrial;Li=
Light Industrial CPL= Commercial / Public / Leisure.

3.1 Treatment train: current and future practice
The treatment train concept favours deployment of SUDSaimprogressive waywithin a

development, such that at each scale of development (e.g. individual house or businessreeit,

entire estate) SUDS features can be uddis allows foprogressively increasing percentage aagt

of pollutants across a development. Whilst the technology can be cost effectively applied across
each level, other constraints and developer preferences mean that it is not often acoeptttat
basis.Consequentlyapplication of successive levelstoeatment was reviewed as a policy by SEPA
and general minimum requirements on the basis of pollution risks for each type of development
were establishedTable33).

SEPA policy hasvoided being too precriptive, but the differing characteristics of various SUDS
types has requiredome guidance from SEPAor examplea road-edge filter drain or swale for
motorways and other major highways, followed lydetention basin or pondSource control
measues which deliver treatment and quantity control are adequate for residential areas.

3.2 Stormwater management train
Given somavater quality source control SUDS do not have significant stormwater storage capacity

(e.g. grass filter stripsof pollution control) but are effective for pollutant removal, whilst other
features are the converse (e.g. stormwater storage modular box units), requirextiievements of
the SUDS aspirations to often be met by a successiteatires acrosa development.

3.3 Proprietary SUDS
Many types ofsource controlSUDS are commercial produatsg. permeable block paviourgreen

roofs, water butts, and inlet kerbs to filter trenchesSome ofwhichare included irsection5 of this
report as they are accepted (and mostly validated) as effective source control technigidisonal
innovative devices arenow available thatare targeting the SUDS markéfthere is an omgoing
debate amongst professionals and regulatorshiéyt shoull be considered as SUDiSthey are a
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componentof the above, or meet the passive treatment, degradatino situ features of SUDS should

they not be considered as SUDS?

Some proprietary techniques may have a role to play in retrofit scenariosofied it will be a
combination of soft and hard engineered interventions which will be the most efficient and cost
effective solution, particularly iregeneration and relevelopment situations

British Water in partnership with the EnvironmeAgency hagublished twotechnical guidance
documents on proprietary produci®ritish Water, 2005 and 2010} he first was published in 2005

and stemmed from the limited amount of information available to stakeholders on the use of the
products availald in the market at tht time. It was intended to complement existing SUDS
guidanceto promote their use for the most suitable and appropriate situation (residential, industrial
or commercial etg to ensurethe environmentis considered during development. The document
covers general guidance and comparative information on the criteria that should be assessed when
considering the incorporation and selection of proprietary SUDS products and stresses that every
consideration odownstream treatment conditions should be taken into account when selecting the
most suitable product. The document refers to each proprietary product and its relationship to the
SUDS triangle. The four principle areas of proprietary SUDS solutiodiginclu

1 infiltration as the first option to consider (if ground conditions are appropriate) for dealing
with runoff at source and a solution which usually requires little or no additional land take.

9 storage/attenuation (if infiltration is not an option) toontrol peak runoffs and mimic the
undeveloped process. All methods will require some form of flow control to perform as a
storage structure and to satisfy any discharge licences.

1 flow control which is generally required to retain or divert flows withire tsurface water
network (source control / SUDS structures) to facilitate required storage volumes.

T treatment of polluted rainfall to protect receiving watercourses.

The updated guidance published in 20&0iews sustainable drainage and outkrthe issues which
impact on surface water drainagk.is intended primarily to be a live web based publication so that
a greater range of upo-date information can be provided. It provides detailed descriptions of
proprietary technologiego help select the most appropriated be incorporated into a particular
sustainable drainage solution

3.4 Source control in combined sewer areé8SOs)

This is an important opportunity and driver for sourcentrol SUDSDisconnection of rainwater
using source control can offer an affordable option if tteerecttechnique is selected (as opposed

to expensive engf-pipe solutions), especially in locations which have poorly draining soils or are
long digances from available watercourses. Source control techniques could be used to reduce
flows by retaining runoff and slowly releasing it back into existing networks tiboaid prevention

A study undertaken for Yorkshire Watkighlighied that CSOs are likely to be required for many
years to come However \ith increasingpressures to continue to reduce spills, the construction of
large storage tanks is unsustainable (Myerscough and Digman, 2008). Although new CSO structures
constructed oer the last decade have provedliable and substantially contributed to an overall
improvement in urban river water quality in the UK it is unlikely that significant further
achievements can beained using the same approach. One conclusion was WHaiough the

retrofitting of Best Management Practices, pollution within surface2uf ¥ Ol vy @&leti O1 f SF

al, 2005).
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Renfrewshire Council undertook a disconnection study as pam &Ufunded programme (Jefferies

et al 2008). The study evalwat disconnection options which would be applicable in Renfrewshire,
discussed institutional, planning and funding obstacles and presented potential future disconnection
targets based on successful experienceSunpe(WSR 2004 and Gemeentle Nijmegen 2007

3.5 Retrofits

There several examples of retrofit SUDS source control schemes for improving water quality within
Scotland. In most casdkese havebeen driven by existing environmental problems, for example
quality of receiving wates or flooding of combined systems, or where social regeneration projects
are undertaken (Atkins 2004, Heat al 2005). Atkins(2004) assessed retrofit options for ten
locations in Ayrshire and Heat al (2005)studied the retrofit example of the Caw Burn Wetland
which serves the Houstondnustrial estate in Livingstorin both situations space was a common
driver with scoping studiegprecluding site control in favour of low footprint source control
measures.However the Atkins scoping study only identified two locations where source control
could be retrofittedand although he Cawburn retrofit wasuccessfuljts effectiveness is limited
due to a lack of source control in the catchmevthilst there is the orgoing question of whether
retrofit source controls should be located within the property curtilage or with in public open
space, recent case studies (CIRIA 2012) demonstrate that the latter is commonly the norm.

Theregeneration of CraigmillaEdinburgh is an example of source control incorporated into a large
scale regeneration programme (SCOTS, 2010)cfitegia which narrowed the scope of options for

the development weresmall footprint option as space was a premiutwo levels of teatment
required to protect the environmentally sensitive receiving watercoumtagration of SUDS with

the existing infrastructure. The scoping study identified five possible techniques all of which were
small footprint optiongsource controlwith porous pavements beindpe selectedoption.

In dense inner city areas space is an absolute premium and making use of existing areas is a key
focus. A common example is the retrofitting of green roofs in the UK and further afesdsgction

5.6). Qurrent uptake of the structuresppears to bdimited in Scotland but the City of Londds

pushing forthe implementation ofgreen roofs / living wallsvith a policy statementissued byKen
Livingston(previous Mayor of London) nowvcorporated into the Londo Plan (DFL, 2008).

4.0THE EVIDENCE FOR THE EFFECTIVENESS OF SOURCE CONTROL OPTIONS

Considerable research has been carried out into the performance of. JUB/Ras shown thaBUDS
features including source controhre successful in sidigantly attenuating pollutants such as
suspended solids, phosphorus and nitrogen, creating habitat and amenity as well as mitigating the
impact of flooding. Scotland has benefitted from a number of SUDS research programmes which
have been mainly fundedybstakeholdersvith a role to play in either constructing or owning the
structures. The first programme was undertaken by #8eottish Universities SUDS Centre of
9EOStfSyO0SQd ¢KAA 61L& | {!5{ Y2yAl2 N3} YokshileNR dzLJ
Water and several other stakeholders, ftdges (ed) 2001 and 2004)e8ults have validated many
performance and financial aspects of SUDS inctudource control (primasiltraditionaltechniques

such as filter drainand swales) ath playeda part in setting national guaines such as the CIRIA
2000 and 2007 design manuals. It is worth noting that research in Scotland regarding the more novel
source control techniques such as green roofs, bioretenti@ingardends limitedto date.

The American Society of Civil Engine@&SCEhas developed a BMP database to record research
findings. Thisdatabase is a lonterm project that began in 1994 through the vision of members
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active in the Urban Water Resources Research Council ofuk8€Bhe leadership of EPA. Funded

for many years by EPA, the project is nhow supported by a coalition of partners including the
American Public Works Association (APWAE database is intended to provide a consistent and
scientifically defensible setfodata on Best Management Practi¢gSUDS)esigns and related
performance.lt is updated on an annual basis with tRellutant Category Summary Addenddion

2012 providing the evidence basmost source control typefl_eisenringet al 2012). The pollutant
categoriesncludesuspended solids, bacteria, heavy metals and nutrients.

We identified fifteen source control techniquegor this study and a brief literature review
undertaken Most of the techniques are validated by resdafalthough not all of them are currently
being implemented in Scotland) and a few examples are cited for. €mthiled @scriptions of the
techniques according to the current national SUDS guidance ma&&@J (CIRIA200) induding
design drawing, additional imageand brief descriptioaof the application or option for usean be
accessed in the technical report froBREW, th&UDS Working party via SE®AAbertay University
via the Urban water Technology Centtevic@abertay.ac.uk

4.1 Swale

In 2004 the SUDS Monitoring Programme stated t
4h many ways the ingporation of swales into
drainage systems has been one of the m
innovative aspects of source control SUDS
{ O2 i f (DeffeRe@ 2004). The report providi
evidence for the hydrological and water quali
performance of roadside swales and describes
design for treatment and conveyance swale
throughout Scotland.

Swales can be incorporated into most settings ¢
provide an array of benefitH{ghways Agency 200t
CIRIA, 2007, SCOTS 2010, Charlesworth et al .
RSPB an&/WT 2013).

Figure5 Trunk road wet swale which
conveys and treats rungfScotland Source:
Alison Duffy

4.2 Filter Drain /Infiltration trench

Filter drains are linear trenches filled with aggrege
designed to attenuate and treat runoff. They offer
smdl footprint solution and arecommonly used ir
the road environment. Studies have shown that fili
drains can removeup to 75% of total suspendes
solids from runoff (Schliter, 2002).

Hiter drains are effective atteimation and treatment
techniques butcan have high failure rates due t
wrong siting ancbe prone to cloggingt the top of
the trench leaving a redundant storage volume bel
(McDonald & Jefferies 200Bampe ¢ al. 2005 Todd
2007,Hill & Mitchell, 2012Healet al, 2007%).

Figure6 Roadside filter drainScotland Note
kerb inlets. Source: Alison Duffy
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4.3 Bioretention
A bioretention area is a filtering system whiatilizes
parking area islands and planting strips for esite
treatment of water quality volume. Surface runoff
directed into shallow, landscaped depressions wh
are modeled to incorporate many of the pollutan
removal mechanisms that operate in foredt
ecosystems (Claytor, 1996).
Bioretention can be adapted to fit intalifferent
development contextsand is designed to capture
small storm events or the water quality stora¢ Figure7 RoadS|de bloretentlon in Seattle USA.
requirement. An overflow or bypass is necesstry { 2dzNOSY . NRIY
pass large storm everiows (TRCA, 2010)

4.4 Rain gardens

Rain gardens capture roof, lawn and driveway rur
from low to medium density residential lots in
shallow depression. Hese can be simple garder
constructed by the homeowner as a retrofit,
professionally designed into a residential developm:
and may have an underdrain connected to the m.
storm drain pipe (TRCA, 2010).

Building a raingarden is a simpleayto help the
environment and the health of local water cours
while providing a sefivatering garden (Melbourne
Water 2010).Owners with raingardengnstalled on §
house plots need to be educated on routine Figure8University COUftyadengland Porous
maintenance need§TRCA 2010). paving/ rain garden. Source: Alison Duffy

4.5 Permeable pavement

A large number of studies have been undertak
concerning the pollutant removal properties
permeable pavements, their hydraulicrictions and
the effects of clogging (See Mullanetyal 2012).

Coventry Universityundertook hydrological anc
water quality field studies on a permeab
pavementconstructed in 1986 in Nottingham whel
they showed significant reductis in outflow
volumes and water quality parameters fi

] Figure9 Lidl car parkwith maintenance
suspended solids and le&@ratt et el 1995). underwayScotland Source: Alison Duffy
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4.6 Greenroof

Green roofs have the potential tochieve SUD!
triangle benefitssimultaneouslywith an opportunity
for engineering to work in harmony with natur:
environmental processes to contribute 1
sustainable urban environments (Stovin et al 201
There are tihee main types of green roofs: extensi
roofs with low growing, low maintenance plant [
intensive roofs which are landscaped environme
with high amenity benefitsand with significant
maintenance obligations; simple intensive gre
roofs with lawns or gund covering plants witt
regular maintenance required (English Nature 20
Dunnet 2003 Gedge, 2003

rel0Garage, Augestenborg, Sweden.
Source: Alison Duffy

Figu

4.7 Greenwall or Living Walls

Living Walls areelatively nev phenomena in the UK, witl
the first constructed in 2007. Since then, much research .
development work has gone into producing walls that
attractive, durable and costffective. Living Walls offel
design solutions for awkward urhaspaces, but they als
bring flora and fauna, colour and biodiversity to buildir
andurban landscapes
www.scotscapelivingwalls.net/discowvivingwalls.html
Living walls provide environmental benesiin the form of
biodiversity, thermal insulationcooling effects and noise
attenuation.(Design for Londo(Ed) 2008)

o FigurellLiving WallLondon
Source: Design for London 2008
4.8 Soakavay

Inthe WK, ®akawaysare atraditional way to dispose
of stormwater from buildings and paved areas remc
from public sewer or watercourséBRE 1991Jones
2001) They store rapid runoff from a single house
development and allow infilation into surrounding
soil. Drainage from individual propertiels often
connected toover-sizesquare or rectangular, rubble
filed voids sited beneath lawns without form
provision for access and inspecti(@IRIA, 2007)
Pollution dangetto the quality of groundwater mus : —

be con3|d_ered. Limited evidence suggemf run-off glv%gfjilnz. Sszil:?:agﬂ;isgg?;ﬁ' g;‘éiog&?t
does not impact on groundwater quality (BRE, 199:



http://www.scotscapelivingwalls.net/discover-living-walls.html
















