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Abstract

The objective of this thesis has been to provide an explanation of the operation of SUDS in
Dublin and the development of a system for the recording the use of SUDS. In order to
achieve this objective a review of the theory of SUDS, how SUDS works and developed, and
how SUDS are currently being used in the Dublin area was performed. A database was then
developed to record the use of SUDS in Dublin based on the design criteria for SUDS
devices. This SUDS database has been developed to assist Dublin City Council Drainage

Division in the planning, maintenance and development of SUDS infrastructure.

Four cases studies have been analysed, each case show how a different SUDS device that
have been installed for differing rea.sons and how each system fulfils their design criteria.
Subsequently a SUDS database was developed using a desktop study of planning permission
of the years 2005 to 2009 with 95 different SUDS sites and mapped into the Dublin City
Council Geographical Information System (GIS). The SUDS database was developed to
ensure that it could be integrated into the current system used to map the current drainage

infrastructure.

Review of the four case studies showed the benefits of SUDS in relieving hydraulic and
water quality issues in Dublin. Development of the SUDS database enabled a review of the
patterns of SUDS use in the Dublin area. This showed that the most commonly used SUDS
device were attenuation tanks due to the restricted size of development sites in the city. In
addition it showed that most SUDS sites are on one-off basis and are private brownfield sites.
The benefits of a SUDS database to Dublin City Council have also been reviewed. The DCC

SUDS database has shown the importance of recording the use of SUDS devices in Dublin.
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Therefore it has been recommendated that Dublin City Council update and maintain the
SUDS database and use this as a tool for the maintenance, planning and design of the

drainage network and future drainage projects.

In conclusion the future use of SUDS in Dublin will become more commonplace and the
utilisation of a SUDS database will become an invaluable asset to Dublin City Council

Drainage management.
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Introduction

The hydrological cycle is one of the most critical processes in supporting life on this plant.
Through the hydrological cycle, water circulates from land to sea to sky and back to land
again. The freshwater created by this process in our waterways is essential to human life and
culture. The increase in urbanisation can cause an increase in the degradation of our
waterways through pollution, resource depletion and construction in flood plans. In recent
years we have become more aware of out effect on our waterways and have begun to develop

ways to reduce our impact.

New environmental legislation that has been brought in, such as the EU Water Framework
Directive, have been enacted in order to encourage better treatment of the environment, by

individuals, organisations and governments.

One of the methods that have begun to reduce the impact on our waterways is through the use
of Sustainable Urban Drainage Systems (SUDS). The use of Sustainable Urban Drainage
Systems has become widespread in the last 10 years throughout Ireland. Dublin City Council
has had a Surface Water Drainage policy in place promoting the use of SUDS since 1998. In
2005 a new Stormwater Management Policy for Developers policy was drawn up as part
Greater Dublin Regional Code of Practice for Drainage Works and SUDS became a

compulsory part of development in the DCC’s administrative area.

The objective of this thesis is to record the use of and provide an explanation of how

Sustainable Urban Drainage Systems operate in the Dublin. This thesis will review how
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SUDS work, how the use of SUDS developed, what the main factors for their use and how
SUDS are currently being used in the Dublin area. A number of SUDS locations for case
studies where different SUDS devices are employed for different reasons will be reviewed
and a database will be developed to record the SUDS devices in use in the Dublin City
Council administration area and then mapped onto the Dublin City Council GIS system. This
database will be populated by a desktop study of planning permission from the last number of
years. The benefits of a SUDS database will be discussed and in addition a review of the
future maintenance of the SUDS database will be performed. Finally a discussion of the

future of SUDS development in Dublin will be presented.
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Chapter 2

2.SUDS in Ireland

This Chapter describes how the modern urban drainage infrastructure can have an effect on
the environment, the legislation that has been driving the change in the way that we think
about the environment and drainage. An overview will be given on how traditional drainage
system work and in particular how Dublin’s Drainage system developed, its current extent

and how the drainage infrastructure is recorded.

This chapter will also explain what Sustainable urban drainage systems (SUDS) are, how and

why they were developed in the first place and how SUDS device are used.

2.1 Drainage and the Environment
The development of drainage systems have always had a strong link with the environment,
through conveying waste matter away from populations, reducing pollution, preventing

waterborne diseases and treating of waste and pollution.

The first modern drainage systems were a reaction to the discovery of the link between water
pollution and disease. In the mid 19" century cholera epidemics were common place

throughout European cities (World Health Organization, 2010)

“During the 19th century, cholera spread repeatedly from its original reservoir or source in
the Ganges delta in India to the rest of the world, before receding to South Asia. Six
pandemics were recorded that killed millions of people across Europe, Africa and the

Americas.”
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2.1.1The Effect of Urbanisation

The Hydrological Cycle is one of the most critical processes in supporting life on this plant.
Through this process water circulates from land to sea to sky and back to land again. The
freshwater created by this process in our waterways is essential to human life and culture.
The increase in urbanisation can cause an increase in the degradation of our waterways
through pollution, resource depletion and construction in flood plains. In recent years as the
effect of the human population on the waterways has become more apparent and methods to

reduce this impact has been developed.

This increase in urbanisation can cause an increase in the degradation of the waterways
through pollution, resource depletion and construction in flood plains. Urbanisation also
increases rainfall runoff by the replacement of the permeable land with impermeable roads,
rooftops and pathways. Mans activities in these urban areas also give rise to an increased
pollution load in surface water flows. The pollution loads can include oils, grits, fertiliser,

pesticides, salts, litter and animal waste.

“Mans Activities give rise to large to a larger number of pollutants such as ediments, oil
grits, metals,fertilier, pesticides, salts, pathogens and litter that, along with animal waste,

can affect public health and cause environmental damage” ( CIRIA SUDS Manual, 2007)

“Much of the rainfall in watersheds with forests and pastures is absorbed into the porous
soils (infiltration), is stored as ground water, and moves back into streams through seeps and
springs. Thus, in many rural areas, much of the rainfall does not enter streams all at once,

which helps prevent flooding.” (USGS, 2010)
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“Since the economy began to grow in Ireland during the 1990s, there has been a sustained
movement of population from rural to urban areas. Cities and towns began to sprawl as a
result of development in infrastructure, housing and industry, with growth rates exceeding
those of our EU neighbours Ratoath in Co. Meath, for example, is the fastest growing town in
Ireland, with a population increase of 54.6% between 2002 and 2006. In addition, the EPA
records that artificial surfaces in Ireland grew by 31% between 1990 and 2000, and again by

25% since 2000. (Ask about Ireland, 2009)

“This trend towards urbanisation is causing many rural areas to be reclassified as urban
areas, and is having a negative impact on the environment. It creates problems such as air
and water pollution, waste management, and damage to surrounding ecosystems. The
dramatic increase in road construction in Ireland has the effect of breaking up habitats.
Wildlife, such as foxes and badgers, is now a common sight in Dublin, Cork, Belfast and

many smaller towns in Ireland”. (Ask about Ireland, 2009)

y A bﬂush
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Figure 1 Areas Converted to Residential Use (EPA4, 2009)
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New environment legislations which have been brought in such as the European Union Water
Framework Directive (WFD) have been enacted in order to encourage better treatment of the

environment by individuals, organisations and governments.

2.2 Legislation

This section will review how environmental policy and European law have become a major
factor in modern drainage system design and a key driver for the use of SUDS in Dublin. An
overview will be provided into what effect legislation such as urban wastewater directive and
the Water Framework Directive have had, as well as how the Eastern River Basin Study and

the Environmental Protection Agency discharge licences effect the use of SUDS in Dublin

2.2.1 European Union Water Framework Directive

The directive establishing a framework for community action in the field of water policy,
commonly known as the Water Framework Directive (WFD), was formally adopted by the
European Union (EU) Parliament and Council in October 2000 (EP and CEU, 2000). The EU
WFD is an important piece of legislation which aims to improve the water environment. The
WFD has become the background to all environmental decisions made in relation to water
throughout Europe. The WFD encourages a more sustainable approach to drainage as it
specifically conditions governments to control surface water runoff. This means that all urban
surface water runoff must be mitigated and this effectively has banned the traditional
drainage approach. This has now been set out in the conditions of a discharge licence issued

by the Environmental Protection Agency (EPA) to Dublin City Council.

“The Water Framework Directive (WFD) marks a new approach to the protection and
improvement of our water resources and aquatic ecosystems. In contrast to previous
legislation, the WFD aims at protecting all waters and water dependent ecosystems:

groundwater, rivers, lakes, transitional waters (estuaries), coastal waters and wetlands. The
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objectives of the WFD are demanding and include the prevention of any deterioration in

status and the achievement of good status or higher in all waters by 2015.” (EPA Ireland, 2010)

The Water Framework Directive:

Considers the full range of the water environment, from "Source to Sea"
i.e.groundwaters, rivers, lakes, estuaries, transitional waters and coastal waters.
Considers the impact upon wetlands of the management of water quality and quantity.
Sets environmental objectives, which take account of the full range of pressures upon
the aquatic environment (pollution, abstraction, flow regulation/transfer and habitat
impact). The emphasis being on ecological quality.

Ecological status is divided into five classes (high, good, moderate, poor and bad)
and is derived from measurements of biological, hydro morphological and physio-
chemical elements. The measurement of the biological elements includes aquatic flora
(plants), benthicinvertebrates (small animals that live on the bottom of rivers, lakes
and coastal water bodies) and fish.

Promotes sustainable use of water resources.

Defines a planning, management and reporting system based upon River Basin
Districts and International River Basin Districts. These are based upon large river
basins or a combination of smaller neighbouring basins and include all rivers, lakes,
estuaries, coastal waters and associated ground waters.

Involves social participation and transparency. Member States have to involve as
many parties as possible (e.g. stakeholders, local and regional authorities,water users
and environmental groups) in drafting, discussing and updating River Basin

Management Plans.

(WFD Ireland, 2010)
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The WFD is also designed to act as an umbrella directive bringing together other EU
directives such as the Urban Wastewater Directive and the Nitrates Directive under it and
ensuring that all the directives act in harmony and don’t contradict each other which
sometimes has been the case in the past . Some of these other EU Directives also have an
impact on the how the water environment is to be protected and the use of SUDS has been

seen as way of fulfilling this objective.

2.2.2 Urban Waste Water Treatment Directive

“The Urban Wastewater Treatment Directive (UWTD) aims to protect the environment from
the adverse effects of discharges of urban waste water and waste water from certain

industrial sectors.” (EU UWTD2010)

“The Directive specifies a minimum level of wastewater treatment, based on the urban
population size and the receiving water type, to be achieved by 2005 " (Butler and Davies, 2004)
and also seeks to deal with wastewater collection systems .Butler and Davies (2004), say that
the UWTD sets out to “ensure all urban area with the population equivalent to 2000 or more

are provided with collection systems”.

The pollutants identified for specific attention and reduction include Biological Oxygen
Demand (BODS), Chemical Oxygen Demand (COD), Total Suspended Solids (TSS), Total

Phosphorus (TP) and Total Nitrogen (TN) as indicated in Figure 2.
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25 mg/l 02 i i

iocemical oxygen
Demand (BODS at
20°C) without
nitrification
Chemical Oxygen 125 mg/1 02 79
Demand (COD)
Total Suspended 35 mg/l 90
Solids (TSS)
Total Phosphorus 2 mg/l 80
(TP)
(10,000-100,000 p.e.)
1 mg/1
(>100,000)
Total Nitrogen (TN) | 15 mg/I 70 - 80
(10,000-100,000 p.e.)
10 mg/1
(>100,000)

Figure2: Concentration values for consent of wastewater (UWWT Directive 91/271/EEC)

In Dublin, the UWWT in setting these criteria for reduction has forced DCC to build large
treatment works such as the one in Dublin’s Poolbeg peninsula which are very expensive to
build and run. In response to this cost authorities are looking at alternatives to the building of
more treatment works. The use of SUDS has been seen as an alternative as it can help reduce
the quantity of rainwater entering the system and can also improve the quality of the waters
by reducing the quantity of the pollutants listed above from entering receiving waters through

both Combined System Overflows and Surface water outfalls.

2.2.3 The Bathing Waters Quality Directive

The EU’s first efforts to improve the quality of bathing waters commenced with the 1976

Bathing Water Quality Directive. The aim of this Directive is to protect public health and the

9
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environment by keeping our coastal and inland bathing waters free from pollution. In 2006 a
new Bathing Water Directive was adopted, repealing the old Directive from the end of 2014.

Under Article 6 Annex III of the Directive bathing water profiles are established

"Member States shall ensure that bathing water profiles are established in accordance with
Annex III. Each bathing water profile may cover a single bathing water or more than one
contiguous bathing waters. Bathing water profiles shall be established for the first time by 24

March 2011".(EU Bathing Water Directive 2010)

A bathing water profile is intended to gain an understanding of the faecal sources and routes
of pollution and focuses on the indicators for faecal pollution. Under the Directive these
indicators are Escherichia coli (E. coli) 200cfu/100ml and intestinal enterococci

500cfu/100ml.

Dublin as a coastal city has a number of beaches which under the bathing water directive
need protection. Dublin’s drainage system has a number of outfalls from surface water
systems and overflows from combined systems spilling directly to the shoreline as well as
into its rivers. DCC has received adverse publicity when Dublin’s beaches have failed to
meet the Blue Flag status. Again SUDS is seen as a way in which DCC can reduce the
number of and improve the quality of the spills to the receiving waters and as a result work

towards achieving Blue Flag status for more of Dublin’s beaches.

2.2.4 Ground Water Directive

The Ground Water Directive provides a groundwater protection framework “that requires
prevention of the (direct or indirect) introduction of high priority pollutants into groundwater
and limiting the introduction into groundwater of other pollutants so as to avoid pollution of

this water by these substances”. (European Union Groundwater Directive, 2010)
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Its main aims are to define and characterise groundwater bodies within River Basin Districts,
establish registers of protected ground water areas within each river basin districts, and
establish groundwater monitoring networks based on the results of characterisation and risk
assessment to provide a comprehensive overview of groundwater chemical and quantitative
status. Ireland has been divided into eight River Basin Districts with Dublin falling into the

Eastern River Basin District.

The limiting of pollutants into groundwater under the Groundwater directive may have an
effect on the design of SUDS devices as some devices use infiltration into the ground as a

method of reducing overall flow and pollutants into the drainage network.

2.2.5 The Nitrates Directive

“The Nitrates Directive aims to reduce and prevent water pollution caused by nitrates from

agricultural sources”. (European Union Groundwater Directive, 2010)

Countries must designate vulnerable zones, which drain into the waters including
groundwater, which currently are or in future are likely to be affected by nitrate pollution.
These vulnerable zones are receiving waters which contain a nitrates concentration of more
than 50 mg/l or are likely to contain such concentrations if measures are not taken. Action
programmes under the Nitrates Directive are one of the basic measures of the Water
Framework Directive. SUDs is again seen as a way of complying with this directive as the

use of SUDs can have a beneficial effect on the Nitrate level in receiving waters

2.2.6 The Integrated Pollution Prevention and Control (IPPC) Directive

“The Integrated Pollution Prevention and Control (IPPC) Directive lays down measures

designed to prevent or reduce air, water, or ground pollution.” (European Union Groundwater

Directive, 2010)
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The Directive allows for the issuing of licences to industrial activities with a high pollution
potential. These permits include conditions which set emission limits for pollutants to protect
the surrounding area. It is under this directive that the EPA issue DCC’s wastewater

discharge licence.

2.2.7 EU Floods Directive

“This Directive now requires Member States to assess if all water courses and coast lines are
at risk from flooding, to map the flood extent and assets and humans at risk in these areas
and to take adequate and coordinated measures to reduce this flood risk.” (European Union
Floods Directive 2010). The attenuating of storm water flow through the use of SUDS can have

import role in fulfilling DCC responsibilities under this directive.

2.2.8 Eastern River Basin District Project

The Eastern River Basin District Project (ERBD) was one of eight river basin studies started
in 2007 as a means of fulfilling Ireland obligations under the WFD. The ERBD is the
framework under which DCC must show it is compiling with the WFD. It is a five-year
project funded by the Department of Environment Heritage and Local Government. There are
twelve local authorities participating in the ERBD Project including the four Dublin Local
Authorities. Around “I.6 million people, 40% of Ireland’s population, live in the Eastern
River Basin District. The population is growing every decade, partly due to the internal and

external migration to live and work around Dublin.” (ERBD 2010)

“Among the ERBD project goals are to:

e collect and analyse background information,

e characterise the District in accordance with the Water Framework Directive,
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e develop a river basin management system,
o develop and implement a monitoring system,
o develop a Geographic Information System (GIS) and associated databases,
o prepare a programme of measures,
o implement a public awareness and consultation programme,

o formulate an Environmental Management System (EMS),

e work closely with statutory authorities and other stakeholders to ensure the

implement-ability of the River Basin Management System,

e prepare a River Basin Management Strategy.” (ERBD 2010)
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Figure 3 ERBD Catchment Area (ERBD 2010)
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The ERBD project investigates the existing condition of Ireland’s water bodies and develops
a management strategy based on these investigations. The ERBD management plan has

identified and graded all the water body in the catchment area.

“The ERBD contains in total 478 water bodies defined by EPA guidelines (75 groundwater,
356 rivers, 26 lakes, 13 transitional and 8 coastal) which will form the basic units for the
study of the ERBD and the prioritisation of a Programme of Measures to ensure GES is met.
In ERBD, the combination of heavy agricultural, urban and hydromorphological pressures
meant that 84.1% of water bodies, covering 74.1 of the ERBD, are either “At Risk” or
“Probably At Risk”. Water bodies rated as “At Risk” are done so because there is a high
degree of confidence that GES will not be met, whilst a “Probably at Risk” denotes a lower

degree of confidence the available data.” (ERBD 2010)

SUDS has been identified in the programme of measures in the River Basin Management
Strategy as a means by which DCC along with the other Local Authorities in the ERBD area

can improve the status of their water bodies.

2.2.9 EPA Discharge Licences

As part of the Irelands responsibilities under the WFD the EPA have developed a Licensing
System for all wastewater and stormwater discharges into rivers, lakes and coastal waters.
From 2007 all Local Authorities have to apply for a licence to the EPA for permission to
discharge wastewater. Part of the EPA discharge licence issued to Dublin City Council has
now conditioned Dublin City Council to identify the locations of stormwater and combined
overflow, examine the effect these overflows are having on the receiving water, to limit the
effects of the overflow on the receiving waters and ultimately try and improve the water

quality of the receiving waters.
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“The licensee shall, based on the assessment of storm water overflows completed under
Condition 4.12.2 and the selection criteria specified by the Department of Environment,
Heritage and Local Government prioritise the most significantly non-compliant storm water
overflows for improvement works. The prioritisation shall as a minimum consider the
frequency of discharge, the duration of discharge, the pollutant parameters within the
effluent discharged, and the impact of the discharge on the receiving water (river and

estuary)”. (EPA licence to DCC 2010).

As part of DCC’s response to the EPA licence conditions the City Centre Catchment Study
has begun. This study includes the monitoring of Combined Sewer Overflow (CSO) in the
City Centre for both quantity and quality of spills, the building of a hydraulic and water
quality model and development of solutions to hydraulic and environmental issues. SUDS is

likely to form a part of the overall solutions considered by this study.
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2.3 Drainage Systems

Drainage Systems are used for the collection of foul, combined and stormwater flows from
urban populations. Foul flow are purely sewerage flow, stormwater flows are the rainfall
runoff from paved such as roads and roofs that enters the drainage network and combined

flow are a mixture of both foul and storm water flows.

Irish SUDS defines Sustainable drainage systems SUDS as “a sequence of conveyance
systems and control structures designed to manage the drainage of surface water more
sustainably than conventional techniques by providing treatment and reducing flow rates and

volumes”.

SUDS are primarily used to deal with stormwater flows, or the combined sewer overflows.
Combined sewer overflows are spills from a combined sewer system which have been
overloaded by a heavy rainfall event. They act as a hydraulic release which prevents surface

flooding. However some of these spills can have a large pollutant load.

This section will take a look at traditional drainage systems, Dublin Drainage System, and

SUDS Drainage Systems

2.3.1 Traditional drainage systems

In conventional drainage systems, excess runoff from built up areas is drained through
underground pipes. These systems are designed to ensure that surface water is removed from
the area without causing flooding locally. In older sewerage system, surface water runoff has
been combined with foul flows into a combined sewer. This surface water flow particularly
during periods of heavy rainfall can cause a significant burden on the capacity of the

sewerage network and its treatment works.
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In certain cases heavy rainfall can trigger untreated combined sewerage to spill into
watercourses through combined sewer overflows and can cause pollution. Over the last 50
years drainage networks have been developed on a separate foul and surface water networks.
This means the foul flows are piped directly to a treatment works and surface water flow are

piped to the nearest watercourse.

However, using the surface water separation approach can cause both environmental and
physical damage, due to high flows and the pollution load within the runoff downstream of
the site. It has also become impractical and costly to lay pipe of the sizes necessary to take all

the surface water runoff for new developments.

“Runoff from impermeable surfaces associated with urban development is often
contaminated by pollutants, such as oils, detergents, trace metals, pesticides and herbicides.
Any such pollutants will also bypass any available natural treatment processes, such as
percolation through the soil, adversely affecting the water quality in receiving waters”.

(GDSDS overall policy 2005)

Source Pathway Receptor

v

Rainwater Runoff Storm water network Waterway

Figure 4: Conventional Drainage System

“Traditional drainage is designed to move rainwater as rapidly as possible from the point at

which it has fallen to a discharge point, either a watercourse or soakaway.
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This approach has a number of harmful effects:

e Run-off from hard paving and roofing can increase the risk of flooding downstream,
as well as causing sudden rises in water levels and flow rates in watercourses.

e Surface water run-off can contain contaminants such as oil, organic matter and toxic
metals.

e Although often at low levels, cumulatively they can result in poor water quality in
rivers and groundwater, affecting biodiversity, amenity value and potential water
abstraction.

o After heavy rain, the first flush is often highly polluting.

e By diverting rainfall to piped systems, water is stopped from soaking into the ground,
depleting ground water and reducing flows in watercourses in dry weather.

As a result, many urban watercourses are lifeless and unattractive, and are often hidden in

culverts under the ground.” (UK Environment agency 2010)

“Built-up areas need to be drained to remove surface water. Traditionally this has been
done using underground pipe systems designed for quantity, to prevent flooding locally by
conveying the water away as quickly as possible. The alteration of natural flow patterns can
lead to problems elsewhere in the catchment. Water quality issues have become increasingly
important, due to pollutants from urban areas being washed into rivers or the groundwater.
Once polluted, groundwater is extremely difficult to clean up. Conventional drainage systems
cannot easily control poor runoff quality and may contribute to the problem. The amenity
aspects, such as water resources, community facilities, landscaping potential and provision
of varied wildlife habitats have largely been ignored. Conventional drainage systems are not

designed with these wider considerations in mind. Continuing to drain built up areas with
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limited objectives and ignoring wider issues is not a sustainable long-term option causing an

impact on the terrestrial and aquatic environments”. (CIRIA 2010)

Traditional drainage practices have promoted the rapid collection and conveyance of surface
runoff through gullies and pipes away from the site and into watercourses, thus bypassing the
natural buffering effect of the natural environment. Consequently, both volumes and rates of
runoff increase significantly after development incorporating such drainage systems as gullies
and pipes. The resulting problems include flooding, scouring of watercourses and reduced
infiltration to recharge aquifers and other sub-soil water bodies. Traditional drainage systems
essentially move a number of small local pollution problems downstream through a piped
network to a point where a large scale treatment works is required to treat the pollutant. The

next sections will look at how one such traditional system in Dublin has developed.

2.3.2 Dublin’s Drainage Systems:

Dublin as with many older cities in Europe developed its drainage system around the city’s
rivers. Most of Dublin’s important eighteenth century streets and parallel lanes running
behind them had surface drains, which carried the content of chamber pots thrown into the
streets and the runoff of cesspools into local waterway and rivers. These rivers, which were
also used as a drinking water sources, essentially became sewers. Over time, the surface
drains were deepened and improved and in the first quarter of the nineteenth century roof

slabs were laid across these creating the first recognisable sewers.
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Figure 5 River network of Dublin (Sweeney 1991)

Throughout the mid nineteenth century cholera outbreaks were the scourge of industrial cities
such as London and Dublin. In 1854 Dr. John Snow (1813-1858) discovered the link between
contaminated water and cholera in London; however it took several years for his theory to
become widely accepted. In 1869 Sir Joseph Bazalgette started to build a drainage system in
London to intercept the sewerage before it entered the Thames River and divert it

downstream, and in doing so prevent it from contaminating London’s drinking water.

Shortly after the completion of the London drainage system, Dublin Corporation employed
Sir Joseph Bazalgette (1870) to design a main drainage scheme for Dublin. However the first
main drainage system to be completed in Dublin was not the Dublin main drainage scheme it

was the Rathmines and Pembroke main drainage scheme which started construction in 1877
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and was completed in 1881. “The first main drainage scheme to be completed in the Dublin
Area was that of the wealthy Rathmines and Pembroke Township”. (Corcoran 2006)

A high level sewer was built along the course of the old Swan River from Harold Cross via
Rathmines, Ranelagh Wellington Place and Ballsbridge. From Ballsbridge a sewer followed
the banks of the River Dodder to just north west of Londonbridge (Bath Avenue) where it
crossed under the river beside another Rathmines and Pembroke sewer coming from
Pembroke Road and Shelbourne Avenue. A third low level sewer was laid from Sydney
Parade to Lansdowne Road Bridge continuing along the east bank of the River Dodder. A
pumping station here raised it to the level of the high level sewer. The sewer ran from here

down to South Wall where it discharged.

GROWTH OF DUBLIN

From 1200 to 1610 [
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From 1900 to 1986
Since 1986

o
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Figure 6 Growth of Dublin: (Dublin Bay Project 2010)

Work started on Dublin Main drainage scheme in 1896. Dublin Corporation designed it to

cater for a population of 400,000. “ In 1891 , the corporation engaged George Chatterton of

21



The Use of SUDS in Dublin: Building SUDS Database MAI Engineering

Sir Joseph Bazalgette’s consultancy Colleague and Successor- as adviser for the long
frustrated main drainage project” (Corcoran 2006)
“Some preparatory work was carried out at Parkgate Street in Autumn 1895, the long

delayed main programme finally starting in 1896 (Corcoran 2006)

The main features of the scheme, which is still in service, are the two interceptor sewers
running either side of the River Liffey, a pumping station at Ringsend and a sewerage
treatment and discharge works at Pigeon House. The two interceptor sewers pick up all the
old drains, which had previously drained straight into the River Liffey. “the local sewers
along the quays which discharged to the Liffey through chambers at existing outfalls now

entered the interceptors” (Corcoran 2006)

The interceptor sewers run from Heuston Station to Wellington Street and have a combined
length of seven and a half miles. They are connected by a siphon under the Liffey at
Wellington Street and from there, a trunk main runs down to Ringsend pumping station. The
pumps at Ringsend lift the sewerage 23 feet to a high level sewer which runs down to the
treatment work on the Poolbeg peninsula. The original pumping station ran until it was
replaced in 1985. In Poolbeg, prior to the upgrade of the treatment works, eighteen reactor
tanks operated using lime precipitated the sewerage into sludge which was then shipped out

to sea. This scheme took 10 years to complete.

The main drainage system was extended and enlarged by other drainage schemes which
include the North Lotts Drainage Scheme (1912), the North Dublin Drainage Scheme (1952-
1959), the Grand Canal Drainage Scheme (1970s), the Dodder Valley Drainage Scheme

(1991) and the North Fringe Drainage Scheme (2002).
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2.3.3 The Extent of Dublin Drainage System

Today the greater Dublin drainage system now caters for population equivalent of over 1.7
million people. There are over 2,500 kilometres of pipes throughout Dublin, over 50,000
manholes and 18 pumping stations which all drain down to the upgraded Ringsend treatment
works (2002), which has a capacity to deal with 2 million m’ of sewerage per day. A large
part of the sewerage network particularly in the City Centre, works as a combined flow

system.

The Ringsend Wastewater Treatment Works, which was part of the 400 million euro Dublin
Bay Project, was completed in 2003. The benefits of the upgraded treatment works included
cleaner water in Dublin Bay and in the city’s rivers, in addition to more land becoming
available for housing and commercial development. Further benefits included two of
Dublin’s beaches, Dollymount and Seapoint, receiving Blue Flag status, conversion of waste
sludge into agricultural fertiliser called Bio-Fert and the conversion of waste to energy to the

value of approximately 3 million euro per annum.

2.3.4 Drainage Records

Dublin City Councils drainage database currently includes over 50,000 manholes and 2,500
kilometres of pipelines. The details of this drainage network are recorded in a SUS25
database. The SUS25 database is a Microsoft DOS based program and is used solely to
record and update the network. The network itself is displayed in a programme called
Mapdrain, which was developed by the Local Government Computer Board for displaying
drainage information and is used by a number of Local Authorities around Ireland for this
purpose. Mapdrain is based on computer software called Mapinfo and all files imported into

it are in .tab format. Dublin City Council along with all the other Dublin Local Authorities in

23



The Use of SUDS in Dublin: Building SUDS Database MAI Engineering

addition to Kildare, Meath and Wicklow County Council are currently developing the Region
Drainage Geographical Information System. This will update the software used for recording
the drainage network throughout Dublin. A standard manhole card is used to collect the data

that will be used in the manhole database.
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2.4 SUDS
2.4.1 A beginning

Stormwater management was a concept developed for dealing with the excessive flow from
intense rainfall events. Butler and Balley (2004) state that, “countries such as Australia, the
USA and Sweden have been using these approaches for many years. In the USA SUDS is

known as BMP and has been developed since the early 1980°’s”

“The significance of storm water runoff in affecting water quality in the United States has
become an increasing concern in recent years, as further improvements are made in
controlling other point sources such as municipal sewage and industrial waste. EPA
conducted a broad analysis of storm water runoff characteristics in its Nationwide Urban
Runoff Program between 1979 and 1983. During the 1980's the Agency made several
attempts to promulgate regulatory controls for storm water runoff under the statutory

framework of the 1972 Clean Water Act.” (US EPA SUDS guidance 2010)

“Following enactment of the Water Quality Act of 1987 in the USA, the EPA began
development of a more comprehensive regulatory program. During the course of these
actions, the use of best management practices (BMPs) in addressing runoff problems was
frequently identified; however it was known that additional research on the performance of
BMPs was also needed. The EPA's Engineering and Analysis Division conducted a study on
storm water best management practices during 1997 and 1998 as part of its series of

preliminary studies in the effluent guidelines program.” (US EPA SUDS guidance 2010)

Butler and Balley state that “In the UK development of stormwater management policy

started in the late 1980s and in 1992 a series of guides with the title scope for control of
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urban runoff was produced by CIRIA”. In the 1990s SUDS became more widespread across

the UK with acceptance generally more rapid in Scotland than in the rest of the UK

Stormwater management in Dublin began in 1998 with the introduction of the Stormwater
Management Policy by Dublin City Council. This policy limited the runoff from a site to 2

1/s/ha. This will be dealt with in more detail in a later chapter.

2.4.2 What is SUDS
SUDS is defined by CIRIA as “a sequence of Management practices and control structures
designed to drain surface water in a more sustainable fashion than conventional techniques”

( SUDS Manual 2007).

SUDS are a way of replicating the natural characteristics of rainfall runoff from any site. To
achieve this, requires a decrease in the rate and volume of runoff from developments

combined with treating the pollutant loading.

“SuDS involve a change in our way of managing urban run-off from solely looking at volume
control to an integrated multi-disciplinary approach which addresses water quality, water
quantity, amenity and habitat. When implementing SuDS, it is essential to consider all of

these issues.

SuDS minimise the impacts of urban runoff by capturing runoff as close to source as possible
and then releasing it slowly. The use of SuDS to control runoff also provides the additional
benefit of reducing pollutants in the surface water by settling out suspended solids, and in
some cases providing biological treatment. The successful achievement of sustainable urban
drainage does not solely rely on the use of engineered techniques to control and treat runoff.
‘Good housekeeping’ measures, such as safe storage and handling of oils and chemicals,
street sweeping and control of sediment run-off from construction sites are an essential
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component of SuDS. Public awareness is also an important factor in ensuring the successful

implementation of sustainable drainage practices” (GDSDS SUDS Vol 3 2005)

SUDS are designed to address three drainage and environmental issues:

a) Water quantity
b) Water quality

¢) Water amenity

These issues are commonly referred to as the SUDS triangle

Water Quality Water Quantity

Amenity

Figure 7: “the SUDS Triangle”

a.) Water quantity

Rainfall on a Greenfield site generally either soaks away into the ground or runs to the
nearest watercourse at a slow rate. When sites are developed, a large percentage of the area
becomes impermeable and the rain runoff is piped to the river or storm water drain which
causes both the volume and rate of runoff to increase dramatically. This can cause problems
in the downstream sewers and rivers and may lead to flooding or an increase in overflows

from combined sewers.
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b) Water Quality

Heavy rainfall on a traditional drainage system can cause two separate water quality issues in
rivers. If the system is combined it is likely that there are a number of Combined Sewer
Overflows (CSO) built into the network which will operate in periods of heavy rain. These
CSOs’ will relieve the network by spilling diluted sewerage into rivers. If it is a separate
surface water system the runoff can carry pollutants such as oil, anti-freeze, animal and

human waste, decaying leaves, grass or other waste matter to our rivers.

c) Amenity

Water ponds, wetlands and other SUDS devices can, if well designed, be of great amenity
value to the local community. Properly constructed wetlands will quickly be colonised by
water birds and small animals. In Scotland it has been shown that some SUDS features have

higher conservation value than natural ponds

“The SUDS philosophy is simply to mimic natural drainage. When construction takes place
the urbanisation of catchments and sub-catchments occurs, and the natural hydrology is
affected. This results in reduced supply of rainfall to groundwater by the interception of run-
off on areas of hard standing (e.g. roads, roofs and paved surfaces). This in turn means less
supply to springs and river network resulting in lower flows and increased likelihood of

drought during dry periods.

In addition, by intercepting run-off and routing it through smooth conduits and piped
networks, we accelerate the passage of flow to the receiving watercourses resulting in higher
peak flows and flooding. Another effect of this is greater erosion and damage to river banks

and beds.” (SEPA 2010)
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“These systems are more sustainable than conventional drainage methods because they:

. Manage runoff flowrates, reducing the impact of urbanisation on flooding

- Protect or enhance water quality

° Are sympathetic to the environmental setting and the needs of the local community
B Provide a habitat for wildlife in urban watercourses

. Encourage natural groundwater recharge (where appropriate).

They do this by:

. Dealing with runoff close to where the rain falls

. Managing potential pollution at its source now and in the future

. Protecting water resources from point pollution (such as accidental spills) and diffuse
sources.

They may also allow new development in areas where existing sewerage systems are close to

full capacity, thereby enabling development within existing urban areas.

Urban drainage is moving away from the conventional thinking of designing for flooding to

balancing the impact of urban drainage on flood control, quality management and amenity”.

(CIRIA 2010)

SUDS management principles are way to maximise the beneficial hydrological,
environmental and amenity effects of SUDS. The next section looks at what these principles

are and how they work.

2.4.3 The Design and Use of SUDS
SUDS like conventional drainage systems are designed using the principles of hydraulic and

hydrology. However unlike conventional drainage systems, factors that influence the design
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will include runoff water quality, the soil type, the receiving waters be they rivers, lakes,

seawater or groundwater, as well as amenity and landscape requirements.

The CIRIA SUDS Manual states 2007 that SUDS management train approach is used to
“mimic natural catchment processes as closed as possible” The SUDS management train
approach is defined as “The management of runoff through the site using a range of SuDS

techniques to maximise the hydraulic and water quality treatment benefits” (Irish SUDS).

In effect, a SUDS management train uses several different types of SUDS in series one after
another. This achieves a more accurate mimicking of a Greenfield site as most SUDS devices
work better in tandem with another SUDS device than in isolation.

“Effective stormwater management is best achieved from a management systems approach,
rather than an approach which focuses on individual practices. Some individual practices
may not be very effective alone, but in combination with others, may provide a key function in

highly effective systems.” (GDSDS SUDS VOL2 2005)
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Figure 8 SUDS management train (CIRCA SuDS Manual 2007)
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The SUDS management train approach to designing of SUDS as described in the SUDS

Manual uses the following hierarchy:

4,

Prevention
Utilizing good housekeeping in the design of SUDS to limit runoff and pollution by
limiting the hard standing area and preventing spills through the use of bunds, having

a regular cleaning regime and the use of rainwater harvesting.

Source Control
Controlling runoff at or near the source of the runoff. For example greenroofs,

permeable paving, filter drains, soakways, etc.

Site Control
Management of the runoff from developed site. Methods of control can include

detention basins, and runoff routing.

Regional Control
Managing the drainage catchment or local network through the construction of large
SUDS infrastructure such as integrated wetlands. The development of regional

policies for the use of SUDS and storm drainage in particular

Generally when designing a SUDS system the designer should consider the hydraulic needs

(the storage volumes), the long term maintenance need, and the removal of sediment, angle of

earthwork banks in a swale or detention basin. In addition the ascetics and amenity value

should be taken into consideration (making the SUDS device fit in with its surrounds).

The use of the management principle has lead to the development of a range of different

types of SUDS devices which is reviewed in the next section.
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2.4.4 Types of SUDS devices

There are a large range of common SUDS devices that are in use. By in large they fall into

the following categories:

¢ Infiltration devices -soakaways, swales, filter strips,
e Basin, ponds and wetland

e Attenuation Devices - attenuation tanks rain water harvesting

Some devices such as permeable paving can either be attenuation device or infiltration
devices depending on their design. This section gives a short guide to some common types of
SUDS devices in use, how each device deals with the three SUDS criteria of water quantity,
water quality and amenity and will also give an example of when this type of SUDS device is

most commonly used.

Soakaways

A soakaway is in essence a pit that has been dug and filled with a permeable material such as

gravel which facilitates the drainage of excess rainwater into the ground.

“A subsurface structure into which surface water is conveyed to allow infiltration into the
ground. Soakaways can be circular perforated manhole structures filled with granular stone
or trenches filled with stone, facilitating percolation and separation of solids prior to

infiltration. The procedure for soakaway design is set out in BRE Digest 365.” (Suds Wales

2009)

“A pit, usually filled by single sized aggregate, into which surface water is drained to

infiltrate into the ground.” (Irish SUDS 2009)
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“Soakaways are normally circular structures constructed with concrete rings with holes in,
surrounded by granular material. Soakaways constructed for houses usually dispense with
the concrete rings and are just filled with shingle.” (Irish suds guidance 2010)
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Figure 9 Soakaway (web com systems 2010)

Soakaways are able to provide a reduction in quantity of stormwater runoff from a site as
some of the runoff will soakaway into the ground. Soakaways also provide a reduction in
water pollution from a site as some of the pollutants are absorbed into the ground and not

carried off site into the downstream network. Soakaways have little or no amenity value

Soakaways however are not very useful in dealing with large scale runoff and if the runoff is
heavily polluted then there may be issues with the pollution of ground water depending on

the local soil type and the level of the local water table.
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“Soakaways should be designed to provide a minimum Im unsaturated zone below the base
of the unit to protect groundwater. This can preclude the use of these units as groundwater
would generally need to be greater than 3m below ground level.” (Irish suds guidance 2010)

Soakaways are normally thought of as a small scale SUDS measure. They are best used for
one off houses and small developments or as a small part of an overall SUDS system where

there are small flows with low levels of pollution.

Swales

Swales can sometimes be described as a ditch or a filter strip and are essentially a vegetated
dip in the ground with permeable material at the bottom of it. Swales are designed to allow
the normal runoff soakaway into the ground and only excess runoff ends up in the piped

system

“Swales are grassed depressions which lead surface water overland from the drained surface

to a storage or discharge system, typically using the green space of a roadside margin” (UK

Environment agency 2010)

“Swales are vegetated surface features that drain water evenly off impermeable areas” (*3

CIRIA Website 2010)

“The term given to a grass channel for stormwater collection with shallow side slopes and
gradients to allow ease of maintenance and which is normally dry except during rainfall. The
design of the soil and vegetation is important to maximise its operational effectiveness, both

hydraulically and for treatment.” (Irish suds 2009)

“Swales are either natural depression or wide shallow ditches which are used to store and
route the run-off temporarily. A swale ought to be comprised of a filter strip and is mainly a

source control measure”. (D. Sharmal 2008)
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Swales are a “Grass lined channel designed to convey water to infiltration or a watercourse.

Delays runoff and traps pollutants via infiltration for filtering effects of vegetation”. (B

Hennelly 2005)

Figure 10: Swale North Carolina USA (Thomas engineering 2010)

“The standard or conveyance swale - is a shallow vegetated channel of around 400mm deep,
up to Sm wide at ground level and 1m wide across the base. This receives sheet flow off roads
and hard standings and conveys it to a point where it is discharged into a pipe network or
other structure. The length of the swale is limited primarily by its conveyance capacity and

characteristics, as erosion of the base needs to be avoided” (Irish suds guidance 2010.)

Swales have a beneficial effect in reducing stormwater runoff as some of the runoff will
infiltrate into the ground and some of the runoff will be stored in the swale itself. Swales also
have an effect on reducing the pollutant load in runoff. The advantage of using swales over
some other infiltration devices is that the vegetation removes some pollutants from the runoff

prior to it entering the surface water system or the groundwater system.
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Swales can have some amenity value as they can be very easily worked into the landscaping
and in some case the public may not even know they are there. However if a swale is not
maintained or if it