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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 tbr 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 perfbrmed. 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 lbr differing reasons 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 In~brmation 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 fbur 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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Theretbre it has been recommendated that Dublin City Council update and maintain the

SUDS database and use this as a tool fbr 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 Surthce Water Drainage policy in place promoting the use of SUDS since 1998. In

2005 a new Stormwater Management Policy tbr 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 perfbrmed. 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 modem 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 modem drainage systems were a reaction to the discovery of the link between water

pollution and disease. In the mid 19th 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)



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

"’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)

Lelxllp
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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 modem 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 WED 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

impacO. 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 (BOD5), Chemical Oxygen Demand (COD), Total Suspended Solids (TSS), Total

Phosphorus (TP) and Total Nitrogen (TN) as indicated in Figure 2.
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Biochemical oxygen 25 mg/l 02 70 - 90
Demand (BOD5 at
20°C) without
nitrification

Chemical Oxygen 125 mg/1 02 75
Demand (COD)

Total Suspended 35 mg/1 90
Solids (TSS)

Total Phosphorus 2mg/1 80
(TP)

(10,000-100,000 p.e.)

1 mg/1

(>100,000)

Total Nitrogen (TN) 15 mg/l 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
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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 111. 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/1 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 "1.6 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:

¯ collect and analyse background information,

¯ characterk~e the District in accordance with the Water Framework Directive,

12
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¯ 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 aprogramme of measures,

o implement a public awareness and consultation programme,

o formulate an Environmental Management System (EMS),

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

implement-ability of the River Basin Management System,

¯ prepare a River Basin Management Strategy. "(ERBD 2010)

Approx 25KM / N

Figure 3 ERBD Catchment Area (ERBD 2010)



The Use of SUDS in Dublin: Building SUDS Database MA1 Engmeermg

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

Rainwater Runoff Storm water network

Figure 4: Conventional Drainage System

Waterway

"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.

17



The Use of SUDS in Dublin: Building SUDS Database MA1 Engineering

Th& approach has a number of harmful effects:

¯ 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.

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

metals.

¯ 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.

¯ After heavy rain, thefirstflush is often highlypolluting.

¯ 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 th& 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

18
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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, scouting 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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¯ i
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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 fiver beside another Rathmines and Pembroke sewer coming from

Pembroke Road and Shelboume 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

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
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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 m3 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
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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 Bailey 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

c) Water amenity

These issues are commonly referred to as the SUDS triangle

Water uantity

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

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 rainfalls

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 SODS

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)

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:

1. 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.

2. Source Control

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

permeable paving, filter drains, soakways, etc.

3. Site Control

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

detention basins, and runoff routing.

4. 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,

¯ Basin, ponds and wetland

¯ 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

carded 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 lm 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 ". 03. Sharma12008)
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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 5m wide at ground level and lm 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 is incorrectly designed, be it too small or have too large a gradient into the

swale, the swale may not function correctly and may become a quagmire of muddy ground

that is both an eyesore and of little use for dealing with future runoff. Swales are commonly

used in the stormwater drainage for major roads

Permeable Paving

Permeable paving is a type of paving surrounded by a permeable material (sand in some

cases), above a membrane layer with a pipe underneath the paving. This is designed to slow

the runoff from getting into the drainage system and also has the benefits of removing large

pollutant matter from the runoff.

,ll
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Figure 11 Cross section through permeable paving (Ernest O Nadi12008)
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".4 permeable surface that is paved and drains through voids between solid parts of the

pavement into a permeable sub-base. " (Irish suds 2009)

"The sub-base normally comprises granular material of specific size grading, but high voids

plastic media is used sometimes due to storage volume efficiency gains. The depth of

construction is designed to provide structural support as well as provide surface water

storage. The granular fill is normally around 350mm deep, although depths can be designed

to be more or less than this value." (Irish suds design criteria 2010)

"Permeable pavements are designed to reduce imperviousness, consequently minimizing

surface run-off. They vary in type from porous asphalt, porous concrete, or modular paving

(large gaps between impervious areas allows infiltration) and are suited to lightly trafficked

areas. " (GDSDS SUDS vo12 2005)

"Use of porous asphalt, porous paving or similar concepts to reduce imperviousness thus

minimising runoff. Runoff infiltrates to a stone reservoir where some breakdown of pollutants

occurs before controlled discharge to a drain or watercourse or direct infiltration". (B

Hennelly 2005)
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Figure 12 permeable paving Thomond park Limerick (tobermore 2010)

Permeable paving has a large effect on the reduction of the quantity stormwater runoff as

well as slowing the rate that runoff will enter the downstream surface water network. It also

has a beneficial effect on water quality as large pollutant matter gets stuck in the voids in the

pavement. The main amenity value of permeable paving is its use in car parks.

Permeable paving is particularly usefully when paving ear parks and is used as standard

practice by the German supermarkets Aldi and Lidl. The downside of permeable paving is

that it is quite maintenance heavy. The top surface itself needs careful maintenance to ensure

that the pervious sections between the paving doesn’t become clogged. Permeable paving

generally has a shorter life than normal paving due to the need to replace the sand and the

membrane underneath it more frequently than normal paving. Permeable paving also has an

image of being less robust than normal paving and due to this image most road departments
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of county and city councils in Ireland are reluctant to take it in charge. Dublin City Council

Roads and Paving Department has yet to take any permeable paving in charge and it is

predominantly only in use in private development and in some Dublin City Council housing

developments. Figure 10 below is from research carded out in Canada and while the results

may be more extreme due to Canada very cold winters than could be expected in Ireland, it

still demonstrated the reduction in effectiveness of permeable paving over time and the need

for regular maintenance.
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Figure 13 Graph from Characterization of Long-Term Solids Removal and Clogging

Processes in Two Types of Permeable Pavement under Cold Climate Conditions (B. van Duin

2008)

Attenuation tanks

The concept of attenuating flow is to reduce the peak flows of runoff in a storm by storing the

runoff in a tank or system of pipes, the attenuation tank. The principle is to release storm

water only at set rates and to store the additional flow until it can be released over time at a
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set rate. In the case of attenuation tanks there is no pollution treatment or amenity value to the

attenuation storage. Attenuated storage is not considered a true SUDs device because of this.

"A storage unit designed to attenuate flows by limiting flow rates out of it and storing the

difference between the in-flow and out-flow temporarily, and releasing it as in-flows reduce/

cease." (Irish SUDS 2009)

Attenuation storage was one of the first storm water management system used in Dublin and

indeed the first storm water policies in Dublin simply asked for attenuated flow. Only after

the Greater Dublin Strategic Drainage Study (GDSDS) report came out was the use of

attenuation systems consider less preferable to SUDS although today a large number of the

storm water management systems built in Dublin use attenuation systems due to space

limitations in the city centre.

Figure 14: Attenuation tank Lansdowne rd stadium Dublin 2009
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Greenroof$

A greenroof is a roof that has been designed with plant life growing on it on a protective

water proof membrane.

"I would describe this as an engineered roofing system that includes vegetation planted in a

growing medium above an underlying waterproof membrane material. It has also been

referred to as a living roof or eco-roof to differentiate a vegetative extensive roof specifically

from other types of sustainable roofs such as those covered with photo-voltaics or highly

reflective roofs (white roofs), which are often included in the broader environmental term of

green or sustainable roofing systems." (Jan Voelz 2006)

The greenroof reduces the amount and slows the rate of roof runoff entering the drainage

system by retaining some of the runoff in a the vegetation layer and in the membrane under

the vegetation layer

"Green roofs are effective in providing both attenuation and reduction of runoff for small

events ". (Irish suds design criteria 2010)

"They play a part in the control of rainwater run-off through three functional characteristics:

storage capacity, water consumption through evapotranspiration, delay in flood peak. " (A

Baraglioli 2008)

The green-roof also has the effect of reducing the pollution load in the runoff. Green-roofs

can retain and bind contaminants that fall on their surface either as dust or dissolved in

rainwater. Research by Johnson and Newton, (2004) found that 95% of heavy metals are

removed from runoff by green roofs and nitrogen levels can be reduced.
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Figure courtesy of lhe National Ftetarch Oouncil Oanada, C)ttawa.
Figure 1: Major components and instrumentation of the green roof system and
reference roof system are shown.

Figure 15: Cross section of a typical green roof (Jan Voelz 2006)

There is also an amenity value to well designed green-roof systems. This is particularly the

case in urban areas where there may be limited green space, so the green roof can be used as

a leisure area for residents. Dublin City Council now has a Green Roof Policy which

promotes the use of green-roofs as a way of not only providing alternative drainage but also

increasing biodiversity in the city.

"ln urbanized areas, undeveloped land is scarce and storm water management must be

retrofitted into the built environment, so green roofs provide a way for roofs to be used

beneficially rather than contributing to storm water problems." (A. Palla 2008)
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Figure 16 Extensive green roof in Basel Switzerland (DCC Green roof policy 2008)

Wetlands

A wetland is a shallow pond with vegetation planted throughout the pond. Wetlands can be

utilised to provide both a good volume runoff control and pollution treatment if designed and

managed properly. The volume of the wetland provides a space for the attenuation of the

stormwater flow and the vegetation provides treatment to the runoff as well as providing a

community amenity by the way of a habitat for birds etc

"Relatively shallow pond(s) and marshland areas covered almost entirely by aquatic

vegetation. Provide good biological treatment and removal of dissolved contaminants and

nutrients" ( Sniffer 2009)

"A wetland is essentially a pond that has a high proportion of emergent vegetation in

relation to open water. Wetlands provide valuable habitat and amenity value as well as

attenuating and treating flows that pass through them. The vegetation slows flows and

facilitates the settlement of solids within the flow. "(Suds Wales 2010)
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",4 continuously wet area in which the water is shallow enough to enable the growth of

bottom-rooted plants. It has a requirement for a continuous base flow to maintain healthy

vegetation. Treatment of stormwater can be very effective, but if used for attenuation,

consideration needs to be given to the effect of fluctuating water levels on plant life." (Irish

Suds Glossary)

However if wetlands are undersized the runoff can have the effect of washing away all the

vegetation in a storm event and leaving little storage. If the wetland is oversized the wetland

can run dry, killing the vegetation in the wetland and therefore the pollution prevention. The

key aspect of wetlands is maintenance, if a wetland is not maintained properly alien plant

species can migrate into the wetland reducing its pollution treatment. Eventually the wetland

will have to be dredged to remove the build up of deposits over the years.

"Maintenance requirements for wetlands are similar to those of retention ponds: lnlets and

outlets should be inspected quarterly or after large storms for evidence of clogging or

accumulation of debris. During the first two years, it is extremely important that the facilities

be inspected quarterly for nuisance vegetation and that these be removed; this will insure a

healthy and aesthetically pleasing facility. Other potential problems that should be checked

include subsidence, erosion and litter accumulation. Remedial work should be carried out

when required Sediment may have to be removed from the forebay once every 5 to 7years or

when half of the forebay depth is filled with sediment. The wetlands themselves may have to

be dredged once every 25 years or less. Stormwater wetlands require frequent maintenance

in the ftrst 3 years to establish the marsh. Thereafter, maintenance will be that carried out as

in other pond systems. Aquatic vegetation within the wetland should be cut back after

flowering, and thinned when necessary, typically every 7 to 10 years". (Irish SUDS Guidance

2009)
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Figure 17: Tolka valley wetland North Dublin May 2009

Rain water harvesting

Rain water harvesting is a system of storing or attenuating rainwater runoff, generally roof

runoff. The main difference between a rainwater harvesting tank and an attenuation tank is

that stored runoff is used on site after the storm for amenity purposes.

The size of these rain water harvesting systems can range from rain water butts used in

household gardens for watering the garden to massive tanks as used in Dublin’s AVIVA

Stadium for watering the playing surface. Rain water harvesting can sometime be used to

feed a grey water system in a building, this recycled water or runoff used is used to feed

devices that require water but not necessarily drinking quality water such as toilets.

"A system that collects rainwater locally (usually from roofs, but occasionally from hard

standings) rather than allowing it pass to the drainage system" (Irish suds 2009)

45



The Use of SUDS in Dublin: Building SUDS Database MA1 Engineering

Figure 18: Rain water harvesting tank York Street Dublin July 2010

Deten tion/ reten tion pon ds

Retention ponds are large lakes that are used as storm water storage. A retention pond is

designed to attenuate the stormwater flow by limiting the outflow from the site and storing

the runoff volume in a lake or pond. Retention ponds also provide some water quality benefit

through the settling of solids over time.

It is essential that they are sized correctly as the retention pond will only provide water

treatment through the settlement of pollutants if the retention time of the runoff is sufficiently
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long. Retention ponds, if well designed and landscaped, can also be seen by the local

community as an amenity

"A SuDS pond consisting of a significant sized permanent pool of water (up to 4 times Vt)

designed to treat surface runoff by detaining the water to provide settling of sediments, and

chemical and biological processing as well as provide attenuation. Often used to provide

high amenity value. "( Irish SUDS Glossary 2009)

"Permanent water bodies which store excess water for long periods allowing particle

settlement and biological treatment. Very effective for pollutant removal but limited to larger

developments. Have high habitat and aesthetic benefits." (B Hennelly 2005)

"Wet detention ponds are storm water control structures providing both retention and

treatment of contaminated storm water runoff". (us EPA 2009)

"The treatment of urban stormwater by retention ponds is known to be effective for water

quality improvement as well as storm flow management and in the past two decades has

become widely implemented." (K. Vopicka2008)

Figure 19: Retention pond Pelletstown North Dublin March 2010
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2.5 Summary/Conclusion

The use of traditional systems such as the one that has developed over time in Dublin are no

longer able to deal with the effects of urbanisation on the environment. EU legislations such

as the WFD and the UWWTD have become also very important drivers for drainage policies

and project development.

SUDS was developed in response to the effects of urbanisation and development have been

shown to have an impact on the water environment. SUDS is also seen as a way to deal with

these developmental, environmental and legislative issues.

SUDS however are not the total answer but if they are carefully designed and managed

SUDS will yield acceptable hydraulic and environmental improvements. SUDS devices work

best in tandem with other SUDS devices and depending on local conditions the correct SUDS

device can vary from site to site depending. Chapter 3 will look into how SUDS are used in

Dublin.

"The use of SuDS is now compulsory in the Dublin Region and this is spreading to other

parts of the country. SuDS bring enormous benefits in terms of stormwater control,

prevention of flooding, removal of pollutants and provision of amenities to local

communities. It is unlikely that the water quality requirements of the EU’s Water Framework

Directive can be met without greatly increased use of SuDS systems" (B. Hennelly 2005)
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Chapter 3

3. SUDS in Dublin

SUDS was first introduced into Dublin in 1998 through the Stormwater Management Policy,

The greater Dublin regional drainage strategy 2005 further promoted the use of SUDS and

has become the key stone to the use of SUDS in Dublin. The GDSDS Development policy

states "SUDS is therefore mandatory for all new developments" (GDSDS SUDS Vol 2 2005).

The GDSDS also set out design criteria for the use of SUDS in Dublin. This chapter tracks

the development of SUDS policy in Dublin, sets the criteria under which SUDS must be

designed in Dublin and sets out examples of SUDS used in Dublin in four case studies.

3.1 Dublin’s Stormwater Policy

SUDS have been an integral part of Dublin City Council’s (DCC) storm water planning for a

number of years. DCC introduced its Stormwater Management Policy in 1998. This policy

limited runoff from developed sites to pre-development levels or, in simple terms, runoff

from new development was not permitted to exceed 2 1/s/ha with excess runoff being stored

on site. Throughout this period developers generally used attenuation tanks with hydro breaks

to reduce the storm flows from their new developments to the permitted levels. The 1998

Stormwater Policy was superseded by the GDSDS Regional Stormwater Policy in 2005

3.2 Greater Dublin Strategic Drainage Study

The Greater Dublin Strategic Drainage Study (GDSDS) was commissioned in 2001 with the

aim of identifying the drainage issues in the greater Dublin Area and developing a common

code of practice for dealing with drainage issues through the Dublin region
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"The Greater Dublin Strategic Drainage Study was commissioned in 2001 to carry out a

strategic analysis of the existing foul and surface water systems in the local authority areas

of Dublin City, Fingal, South Dublin, Dun Laoghaire Rathdown and the adjacent catchments

in Meath, Kildare and Wicklow. The objectives of the study were to identify the policies,

strategies and projects for developing a sustainable drainage system for the Greater Dublin

Region." (GDSDS overall policy 2005)

The identification of drainage issues involved dividing the drainage network into catchments

and the carrying out of large flow surveys of the drainage flow surveys before developing

drainage models of the network. These drainage models were then used to assess the drainage

system problem and propose some outline solutions. These drainage models were also used in

conjunction with the assessment of best international practice to review the local authorities’

practices in five key areas:

¯ New Development

¯ Environmental Management

¯ Climate Change

¯ Inflow/Infiltration and Exfiltration

¯ Basements

In the GDSDS policy documents the use of more SUDS is recommended as an integral part

of the solutions to future drainage problems.

A whole section of the GDSDS policy document is dedicated to SUDS. The policy on new

development goes further than general recommendation in that it states for all new

developments SUDS are a mandatory part of the drainage system.
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"SUDS is therefore mandatory for all new developments, except where the developer can

demonstrate that its inclusion is impractical due to site circumstances. Where SUDS cannot

be provided, the developer must provide alternative means of dealing with pollutants"

(GDSDS SUDS Vol 2)

One of the outcomes of the GDSDS recommendations was the development of a regional

code of practice.

3.3 Greater Dublin Regional Code of Practice for Drainage Works

In March 2005 the Greater Dublin Regional Code of Practice for Drainage Works (Version

6.0) (GDRCOP) was drawn up by the six local authorities involved in the GDSDS (Meath,

Kildare, Wicklow, Fingal, South Dublin, Dun Laoghaire Rathdown County Councils and

Dublin City Council). The local authorities used the GDSDS New Development Policy and

Best Management Practices derived from international experience as a basis for this

document. The GDRCOP document does not override the GDSDS policy document; however

it does act as a practical day to day summary of the policies.

A new Stormwater Management Policy for Developers was drawn up as part of the Greater

Dublin Regional Code of Practice for Drainage Works and SUDS became a compulsory part

of development in the DCC’s administrative area in March 2005. In the Stormwater

Management Policy, the maximum permitted surface water outfall from any new

development is to be restricted to that of a greenfield site before any development took place

and SUDS devices are now "a mandatory requirement of the local sanitary authority". Four

"key design criteria" for stormwater drainage are defined in the code of practise:
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1. River Water Quality Protection: The objective of this criterion is the

interception/treatment of the first 5-10mm of rainfall runoff to receiving water.

2. River Regime Protection: This criteria limits the discharge rate from a site to 2 1/ha or

the rate equal to a 1 year storm on a greenfield site.

3. Level of Service: The purpose of the criteria is to limit the onsite flooding to no flooding

for a 30 year 30 minute summer design storm, no property flooding for a 100 year storm

and no flooding of an adjacent site in a 100 year storm event.

4. River Flooding Protection: To accommodate long term temporary storage for floodwater

on the site for extreme events.

The Stormwater Management Policy does not consider attenuation tanks as true SUDS device

as they are not designed to improve the water quality. Attenuation tanks are only permitted as

a "last resort". However, developers have installed a large number these tanks in the DCC

area because of the confined nature of the sites under development. This is especially true for

the Dublin Docklands Development Area where developers have built some tanks under the

public road. SUDS devices mentioned as acceptable in the storm water policy include swales,

permeable paving, filter drains, storage ponds, constructed wetlands, roof gardens,

soakaways, etc.

3.4 Design of SUDS in Dublin

The Greater Dublin Regional Code of Practise gives a guide to developers regarding the use

of SUDS and the conditions that must be complied with. These conditions are shown in

Figure 19 which has been taken from the Greater Dublin Regional Code of Practise.
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Criteria Sub Return Design Objective
criteria Period

(vean)
Criteria 1: 1.1 <1 Interception storage of at least
River water quality 5mm, and preferably 10mm, of
protection rainfall where runoff to the

receiving water can be prevented.

1.2 <1 Where initial runoff from at least
5mm of rainfall cannot be
intercepted, treatment of runoff
(treatment volume) is required.
Retention pond (if used) is to have
minimum pool volume equivalent
to 15mm rainfall.

Criteria 2 2.1 1 Discharge rate equal to 1-year
River regime greenfield site peak runoff rate or
protection 21/s/ha, whichever is the greater.

Site critical duration storm to be
used to assess attenuation storage
volume.

2.2 100 Discharge rate equal to 1 in 100
year greenfield site peak runoff
rate. Site critical duration storm to
be used to assess attenuation
storage volume.

Criteria 3 3.1 30 No flooding on site except where
Level of service specifically planned flooding is
(flooding) for the site approved. Summer design storm of

15 or 30 minutes are normally
critical.

3.2 100 No internal property flooding.
Planned flood routing and
temporary flood storage
accommodated on site for short
high intensity storms. Site critical
duration events.

3.3 100 No internal property flooding.
Floor levels at least 500mm above
maximum river level and adjacent
on-site storage retention.

3.4 100 No flooding of adjacent urban
areas. Overland flooding managed
within the development.
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Criteria Sub Return Design Objective
criteria Period

(Years)
Criteria 4 4.1 100 "Long-term" floodwater
River flood protection accommodated on site for
(Criterion 4.1, or 4.2 development runoff volume which
or 4.3 to be applied) is in excess of the greenfield runoff

volume.
Temporary flood storage drained
by infiltration on a designated
flooding area brought into
operation by extreme events only.
1 O0 year, 6 hour duration storm to
be used for assessment of the
additional volume of runoff.

4.2 100 Infiltration storage provided equal
in volume to "long term" storage.
Usually designed to operate for all
events.
100year, 6-hour duration storm to
be used for assessment of the
additional volume of runoff.

4.3 100 Maximum discharge rate of QBAR
or 2 1/s/ha, whichever is the
greater, for all attenuation storage
where separate "long term" storage
cannot be provided.

Figure 20 : SUDS Criteria In Greater Dublin Regional Code of Practice for Drainage Works

(Greater Dublin Regional code of practise 2005)

All the sites developed in Dublin since the adoption of the GDSDS policies and the

introduction of the GDRCOP for drainage works should have SUDS as part of their storm

water management for the development and these SUDS devices should fulfill the minimum

criteria set out in Figure 19.

The criteria are designed to "provide a consistent approach to addressing the increase in

both rate and volume of runoff as well as providing a mechanism for protecting the
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environment from the pollution that is washed off roads and buildings" (Irish SuDS: design

criteria 2010)

However all these criteria are site specific and" In some exceptional cases it may not be

feasible to use the above devices and at the discretion of the Local Sanitary Authority,

approval may be given to install underground attenuation tanks or enlarged pipes

in conjunction with other devices to achieve the required water quality" (Greater Dublin Regional

code of practise 2005)

The design criteria recommended by the GDSDS and GDRCOP to design SUDS are all based

on the best international practice for stormwater design however it is important to recognise

there are limitations when used to design drainage systems for urban drainage catchments.

All the design calculations are based formulas, coefficients and assumptions developed for

the study of rural river catchment. These rural catchment formulas do however provide a

good conservative approximation of runoff quantities for the design of storage volumes.

The following sections will look at the way in which these SUDS design criteria are

calculated and applied for interception and treatment volume, runoff rate, storage volume

long term storage volumes. The importance of amenity value to SUDS design will also be

discussed.

3.4.1 River Water Quality Protection Criteria 1

The rainfall runoff from greenfield sites generally only contributes a nominal amount of

pollutant and sediment in run-off to rivers. For most rainfall events, which have low rainfall

depth and intensity there is little or no direct run-off to rivers, with rainfall filtering away into

the ground. The CIRIA SUDS Manual says that "around 50% of rainfall events are

sufficiently small enough that there is no measurable runoff from Greenfield areas ". This

water will over the next period of time find its way into the base flow in the river place.
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The rainfall runoff from an urban site when drained by a traditional pipe systems, results in

runoff from virtually every rainfall event drained directly to the river. This runoff will carry

high levels of pollution, particularly in the first part of the run-off (the first flush), with little

or no of the rainfall actually filtering into the ground. There is no support for the base flows

in rivers. SUDSManual states that "The different means that streams and rivers receiving

runoff from impermeable sites become more flashy and groundwater recharge and river base

flow are reduced. In addition, development runoff flushes surface pollutants directly into

receiving waters with every rainfall event."

"Appropriate design criteria to address these differences are therefore:

¯ No run-off to pass directly to the river for rainfall depths of 5mm and up to lOmm if

possible (interception);

¯ Use of infiltration drainage techniques;

¯ Use ofstormwater treatment techniques" (GDSDS stormwater design 2005)

There are, however a number of practical issues in applying these criteria. The storage

volumes required to store 10mm of rain were seen by the GDSDS report as too large for

urban sites and infiltration may not be practical in all types of sites in Dublin due to varying

soil types and ground conditions. To resolve these practical issues the solution applied

requires the interception of the first 5-10mm of runoff or the storage for treatment of an

additional 15mm of runoff.

Criteria 1.1 is designed to reduce the first flush effect of rainfall events on the receiving

waters from small events. A first flush effect is seen when there is a buildup of sediment and

pollutants on surfaces which are then washed into the surface water drainage system when a
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rainfall event big or small happens, which causes a higher pollutant effect on the receiving

waters.

"Many researchers have reported that pollutants can exhibit higher levels in the initial

portion of a stormwater runoff event and this phenomenon is commonly referred to as the

’first flush’ effect" (D.T. McCarthy 2008.)

"The quality of stormwater runoff is an issue for frequent small events. This is due to the

flush of debris and sediment from the catchment surface in the firstpart of the event together

with any sediment deposits in the pipe network". (The GDSDS Design of SUDS 2005)

The interception volume (Vi) is calculated by multiplying the paved area connected in the site

by intercepted rainfall (5mm) by a runoff factor

Vi = Rainfall * permeable area *Runoff coefficient

The best systems for fulfilling criteria 1.1 are infiltration systems

Criteria 1.2 is designed for larger storms where the interception storage can’t be provided.

The treatment storage is for the first 15mm of rainfall and again is designed to reduce the

effect of first flush but this time for larger storms. "The concept of Treatment Storage is to

provide a body of water in which dilution and partial treatment (by physical, chemical and

biological means) of this runoff can take place ". (The GDSDS Design of SUDS 2005)

The formula for treatment volume (Vt) is:

Vt (m3/ha)

Where:

= 9 x D(SOIL/2 + (1 - SOIL/2) x I)
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I = fraction of the area which is impervious (30% impermeable area = 0.3)

D = M5-60 rainfall depth (5 Year Return, 60 minute duration)

SOIL = Soil Classification (Flood Studies or the Wallingford Procedure WRAP map)

"Vt is thus a function of local hydrological characteristics, soil type and the level of

impermeability of the catchment. The presumption is that the treatment volume (permanent

pool) is sized to capture runoff from 90% of storms that occur each year." (GDSDS Stormwater

Design 2005).

GDSDS Stormwater Design (2005) states that "The value for the Dublin region would be an

equivalent rainfall depth of around 20mm."

In the SuDS Design Manuals CIRIA C521 and C522 it is recommended that up to 4 times Vt

is required to provide good treatment of the stormwater volume. Therefore 4 times Vt would

be a storage volume of 80mm. This volume is thought by the GDSDS to be impractical to

store in an urban environment where they state that

"This is a very large volume of water and recent research suggests that the advantages of

large volumes of storage, particularly deep ponds, have limited benefits. It is becoming clear

that long residence times can result in the production of high levels of ammonia, due to

anaerobic conditions in the sediments, which is very poisonous to river crustaceans and

fish. "(GDSDS Stormwater Design 2005).

Shallow ponds however use a greater area and require more maintenance. The GDSDS

therefore recommended "that a figure of 15 mm of rainfall is used for the Dublin region to

determine the permanent pool volume, until research provides clear evidence as to what

constitutes best practice." (GDSDS Stormwater Design 2005).
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Taking the GDSDS guidelines into consideration the treatment volume (Vt) is therefore

calculated by multiplying the paved area connected to the site by intercepted rainfall (15mm)

by a rtmoff factor

Vt = Rainfall * permeable area *Runoff coefficient

Retention ponds and wetlands are good examples of systems that could be used to fulfill this

criterion

3.4.2 River Regime Protection Criteria 2

In a Greenfield or rural catchment runoff into rivers occurs at a slow rate. In the urban

environment, with pipe systems, the runoff is almost immediate and unrestrained. Urban

runoff can have high velocities and cause erosion, affecting the morphology of the river

channel.

Criteria 2 is designed to protect downstream rivers by limiting the stormwater flow from a

site to greenfield flow or 21/s/ha whichever is greater. This is to ensure that runoff from urban

sites is limited to that of a greenfield site and to stop downstream damage of rivers.

"This causes flashy flow in the river that is likely to cause scour and erosion that is likely to

seriously affect the morphology and ecology of the stream ". (Irish SUDS: Design criteria 2010)

The Institute of Hydrology in their report124 "Flood estimation for small catchments",

(1994) reviewed 71 small rural catchment areas. A regression equation was produced to

calculate QBARrural which is used to determine the mean annual flood.

QBARr~ral = 0.00108AREA0.89SAARI.17SOIL2.17
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Where:

QBARrur~ is the mean annual flood flow from a rural catchment in m3/s.

AREA is the area of the catchment in km2.

SAAR is the standard average annual rainfall for the period 1941 to 1970 in mm.

SOIL is the soil index, shown in Figure 21

SOIL SPR value (% runoff)
0.1

.
0.3

.
0.37

,
0.47

.
0.53

.

Figure 21 SPR Values for SOIL (pervious surface runoff factor) (GDSDS Stormwater Design 2005).

The Standard Percentage Runoff value for SOIL types in Dublin are based on runoff models

carried out using design storms during the GDSDS. The results of these runoff models are

shown below in Figure 22
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Figure 22 Percentage Runoff as a Function of Rainfall Depth using the New PR Equation

(GDSDS FSR Curves 2005).

"The New UK PR model allows for some contribution from pervious areas, which increases

with event size. As storms become larger, this is a reasonable premise to make. This pervious

term is controlled by the parameter NAPI (Net Antecedent Precipitation Index).

NAPI increases with rainfall depth during the event and therefore PR also increases. Design

values for NAPI are a function of SOIL type and selected (usually) on the basis of the mean

winter value from analysis of a rainfall time series for attenuation storage analysis." (The

GDSDS Design of SUDS 2005)

It is important to recognise that the SPR value for soil used for calculation of runoff was

developed using rural fiver catchments in Britain and is not necessarily appropriate for SUDS

design in urban catchments in Ireland. And indeed the GDSDS report even recognizes the

need for further research regarding the soil SPR values. "It is recognised that further more
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detailed work is warranted to look into this subject, as the implications for drainage design

are quite significant". (GDSDS FSR Curves 2005). However until more research is carried out to

develop more appropriate soil SPR value, it is recommended to use to SPR values specified

by the GDSDS in calculation of greenfield runoff.

3.4.3 Level of Service Flood protection Criteria 3

Criteria 3 provides the developer with the level of flooding storage that they are required to

design for. Storage is calculated from the total runoff from the impermeable area less the

runoff to the Greenfield runoff or 2 1/s/ha whichever is greater. This is carried out using a

hydraulic model for 1 year, 30 year and 100 year storms and for the site critical duration.

Criteria 3 gives limits as to when any surface flooding can take place onsite and where on the

site this flooding can occur. No flooding can take place for all 30 year events. For pluvial

(rainfall) 100 year events and for river flooding 100 year events no property flooding can take

place onsite and the site cannot route flood water to another site unless such routing has been

planned for at the planning stage of development. In the case studies that have been reviewed

the storage volume is calculated using the rational method to calculate the total flow and

limiting the flow to QBARRrural for each storm duration

The rational method for calculating flow is

Q= 2.78 * C * I *A

Where

Q is the peak flow

C is the runoff coefficient

i is the design rainfall intensity
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A is the impermeable are drainage to the network

The rainfall intensity for each for the 10 year, 30 year and 100 year rainfall event for the

various durations are based on the Met Eireann rainfall intensity chart in Appendix B

The storage volume is calculated as follows:

V= (Qtotal * t) - (Qlimit * t)

Where

Qtotal is the total runoff flow onsite

t is the time in seconds

Qlimit is the limit to the volume as calculated for Criteria 2

3.4.4 Long Term Storage Criteria 4

Criteria 4 is about designing long term flood storage for the site and limiting the discharge

from the site to that of a greenfield site. The idea of long term storage is to allow the

developer to separately design long term storage for the site.

"The objective of providing "long term" storage is to protect the river from effects of the

increased volume of runoff compared to greenfield conditions. Peak flow rates are addressed

by the use of attenuation storage, but it is also important to minimise the additional volume of

runoff created by the development." (GDSDS Stormwater Design 2005).

"The volumetric analysis for "River Flow Protection" is purely a comparison of pre- and

post development runoff volumes and can be described as "Long term" storage volume. The

objective is to limit the runoff discharged to the river after development to the same as that

which occurred prior to development" (The GDSDS Design of SUDS 2005)
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"The estimation of the "long term" storage volume is a simple calculation of finding the

difference between the runoff volume generated by the development site and that for the

greenfield site using the 100 year 6 hour event" (GDSDS Stormwater Design 2005).

The formula for long-term storage is:

IPIMP PIMP

]
Vol.  :RDA.10 i0--O {a0.8}+ 1 i0--0,i{[3SOIL )- SOIL

Where:

Vol~ is the extra runoff volume (m3) of development runoff over Greenfield runoff.

RD is the rainfall depth for the 100 year, 6 hour event (mm).

PIMP is the impermeable area as a percentage of the total area (values from 0 tol00).

A is the area of the site (ha).

SOIL is the "SPR" index from FSR.

a is the proportion of paved area draining to the network or directly to the fiver

(values from 0 to 1).

13 is the proportion of pervious area draining to the network or directly to the fiver

(values from 0 to 1

This additional long term storage volume is assumed to only come into effect for extreme

events such as 100 year 6 hour storm. In a practical sense this is flood routing to a floodable

area of the site (car park, sports field etc)
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3.4.5 Amenity Design Criteria

As mentioned in Chapter 2 SUDS is not just about water quality and quantity, a SUDS device

should also have an amenity value. The CIRIA SUDS Manual (2007) suggests that the issues

that should be dealt with at design stage are visual impact, health and safety and amenity

benefit.

The visual impact of SUDS devices should be masked by careful landscaping of the device

into the surrounding area. Health and safety has become a major factor in all construction

projects and SUDS is no different. There is a perception that some SUDS devices such as

wetlands and ponds are unsafe, however with careful design features like shallow slopes

these problems can be averted. A risk assessment should be carded out of all SUDS designs

prior to construction to minimise the health and safety issues. The amenity benefit of a device

should also be reviewed if a SUDS site is to be seen as of benefit to the local area. If a SUDS

system is seen as benefit to a local area it is more likely to be maintained and less likely to be

damaged through vandalism. Some SUDS device can also have a beneficial effect to the local

ecology by increasing biodiversity and reducing pollution

3.5 Use of SUDS in Planning & Development

Dublin City Council Drainage Planning Section (DCCDPS) review the drainage requirements

for all developments in the Dublin City Council administrative area and deal with on average

6,000 planning permissions per year. DCCDPS have taken a proactive approach to the use of

SUDS in Dublin and in addition to the SUDS requirements set out in the GDRCOP, the

DCCDPS place additional planning conditions on developers. Developments are dealt with

on an individual basis but there are standard approaches used. DCCDPS access the developer

drainage system to ensure that appropriate SUDS devices are used for the developments. In
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accessing the suitability of the SUDS DCCDPS check the developers runoff off calculations,

check the site location for local water quality, and ground water issues.

In conditioning developments using Soakaways or filter drains DCCDPS uses the following

standard condition

"Design and construction of soakaways must comply with the requirements of BRE Digest

365 and CIRIA C522. Calculations to be submitted prior to the submission of the

Commencement Notice. "(DCCDPS Standard Condition 2012).

This standard condition requires developers to carry out a percolation test and to design the

soakaway to the following standard; CIRIA, 2001 C522 Sustainable urban drainage systems -

design manual for England and Wales.

In conditioning developments with a) swales, b) permeable paving, c) retention ponds or d)

other SUDS devices that are not primarily used to soak the runoff in the ground but retain and

gradually transmit the runoff downstream, the SUDS device and downstream pipes are

designed on the basis that all the runoff is retained within the system. DCCDPS approach

may be considered a conservative one; however it is probably prudent. One of the councils

primary responsibilities is under GDRCOP in to prevent flooding downstream from runoff

new sites and given the lack of research in the area of soils permeability in Dublin and runoff

from SUDS devices such swales and permeable paving it may be difficult to quantify the

amount of runoff soaking away and the amount.
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3.6 Case Studies

The four case studies have been picked to give as wide a range of different types of SUDS

sites and also to provide different reasons for their installation. All the case studies have also

had a large amount of Dublin City Council Drainage Division input and therefore the

information of the site was more accessible.

Each case study will investigate why SUDS was used instead of traditional drainage, the

design considerations and criteria, calculate the flows and interception treatment and storage

volumes, discuss the main issues with the use of SUDS at each location and investigate

whether or not the SUDS system has been successful and the design criteria have been met.

Case Study 1 in Glendhu Park is a system of swales retro fitted into the exiting urban

drainage catchment. It was designed to reduce flooding by allowing excessive surface water

runoff to infiltrate into the ground using two large swales.

Case Study 2 in Tolka Valley park is a Wetland build at the end of the Finglasswood river. It

is design to treat the urban runoff in the river prior to its entry into the Tolka river.

Case study 3 is in a DCC housing development at York St. The system is design to comply

with the GDRCOP. The SUDS system uses both a green roof to treat rainfall runoff and

rainwater harvesting tanks to attenuate and recycle rainfall runoff.

Case Study 4 investigates two large development areas in Dublin; Ballymun Regeneration

Limited and Pelletstown Development. The SUDS systems for both developments are

designed to comply with the GDRCOP and are built on a catchment wide basis rather than on

a site by site basis.
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3.6.1Case study 1: Glendhu Park

Introduction

On the 9th of August 2008 an extreme rainfall event hit north Dublin which totalled 76mm of

rainfall over a period of five hours, 24.1 mm of rain fell between the hours of 4 pm and 5 pm

as recorded in Dublin Airport. This event came at the end of a very wet summer where parts

of eastern Ireland had more than twice the normal rainfall level being recorded for the months

of June and July and three times the normal rainfall level for the month of August. In the

Glendhu estate on August 9th 2008, eight houses experienced flooding; these were Numbers

10-17 Glendhu Park. In addition to this, many other houses within the estate came within

inches of being flooded as the entire estate experienced high levels of road flooding. This sub

catchment and three others drain into the River Tolka which is located approximately 1

kilometre downstream of Glendhu Park.

House flooding also previously occurred in Glendhu Park on November 17th 2002, following

heavy rainfall over a protracted period, which affected houses Numbers 16 and 17. On this

occasion the installation of sand bags prevented Number. 15 being flooded. During the 2002

the water level in the two flooded houses was 50mm lower compared to the flooding that

occurred 2008 while outside the flood levels were 150mm lower in 2002 compared to 2008.

This is consistent with information from the local weather stations which recorded their

highest rainfall levels in August 2008.

The houses that experienced flooding in 2002 and 2008 are at a level of 8.8m lower than the

estate’s entrance at the Navan Road and are also located at the lowest point of the estate. The

Glendhu estate and the neighbouring Ashington estate are bordered on the four sides by the
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Kempton estate, the Navan Road, the Ratoath Road and the railway line. Within the Glendhu

sub-catchment there are 621 houses and a small number of commercial premises. The area of

impermeable ground in Glendhu is approximately 82,000m2 and 105,000m2 giving a total

area of 187,000m2 to be drained to the River Tolka. Urban creep has significantly increased

the impermeable areas since the Glendhu estate was built in the fifties and preventing further

urban creep is another recommendation for flood prevention in these estates.

Figure 23 Arial Shot of Glendhu Park catchment (Bing Maps 2010)

The existing surface water network

The Glendhu Estate is made up of over 4 kilometres of underground surface water drainage

while there are 5 kilometres of surface water drainage in the Ashington estate. These pipes

are the following sizes in diameter: 225mm, 300mm, 375mm, 450mm, 600mm, and 675mm.
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The drainage from these two estates come together and continues under the canal and from

here the pipes are 750mm and 1050mm in diameter which continues under the Royal Canal.

In times of very heavy rainfall the local surface water sewers cannot take the excess flood

water from the estate at the required rate. This leads to surcharging of the drainage network

which results in the discharge of flood waters onto the roadways. Eventually significant

volumes of floodwaters flow to the lowest point of the catchment which is Glendhu Park.

In order to help prevent future flooding in this area two large swales in the Glendhu Park area

were proposed and are currently being constructed by Dublin City Council.

Figure 24: SUDS site 94 Glendhu Park

SUDS DATABASE

Glendhu park

SUDS Site 94
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t

r

Figure 25: Location of swales in Glendhu Estate

Design Criteria

The Swales are a retro fit system into an existing urban catchment and have been designed to

store the storm flow volumes in the area for up to a 1 in 100 year event over 60 minutes to

ensure that there is no property flooding resulting from a 1 in 100 year event 60 minutes

event and no road flooding in a 1 in 30 year 60 minute event
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The following calcualtions are based on the stormwater design formulas in GDSDS Vol 2 as

outlined earlier in this Chapter have been been applied to verify if the SUDS device has been

effectively desiged to prevent future flooding in Glendhu Park

Criteria I Interception/Treatment

Criteria 1 is not relavent for the calculations of the swale in Glendu Park. This swale is a retro

fit design into an existing stormwater network to aleviate flooding issues and is not designed

to capture the first flush as only excess flows will enter into the swales

Criteria 2 Limit to down Stream flow

The calculation of Greenfield flow

QBARrural = 0.00108 x AREAo.89 x smmRl.17x SOIL2.17

Where:

QBARr~rai is the mean annual flood flow from a rural catchment in m3/s.

AREA is the area of the catchment in km2.

SAAR is the standard average annual rainfall (for the period 1941 to 1970 in mm).

SOIL is the soil index, which is a composite index determined from soil survey maps

that accompany the Flood Studies Report.

QBAR can be factored by the regional growth curve to produce peak flood flows for other

return periods.

AREA = 18.7 ha
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SAAR = 750 mm this a typical value for Dublin used in the GDSDS storm water design

Soil runoff %. = 0.3 (assumes the soil type is type 2 which is atypical soil type for the Dublin

region type 5)

QBARrural = 0.00108(18.7)0.89(750)H7(0.3)2.17

QBARrur~ =2.48 1/s

QBARrural (Greenfield flow) is greater than 2 1/s and so is therefore used as the limit to

downstream flow.

Criteria 3 Level of Service

The storage volume required for various storm events occurring in the region of the Glendhu

Estate are presented in Figure 31.The storage calculations have been carded out using the

rational method.

Total flow is calculated as follows

TotalvoL = C*i*A

Where

C is the runoff coeficent

i is the rainfall intensity

A is the area.

The flow out of the catchment is calculated as follows
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Volout= Q * t*A

Where

Q is the limited flow out of the catchment (from criteria 2)

t is the time in seconds

A is the site area
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As this is a retrofit design the criteria for the swale was to resolve flooding issues for 1 year

,30year and 100year 1 hour events.The storage required in the Glendhu Estate for a 1 year 1

hour duration storm event is 713m3. For a 30 year 1 hour duration event the storage

requirement is 2,292m3 while for a 100 year 1 hour duration event the storage requirement is

3,326m3.

The storage volume for the Glendhu Estate is provided by a 1800m3 swale in the green area

beside Glendhu Park and a 682m3 swale in the green area beside Park Road at the junction of

Kinvara Grove. This design complies with the GDSDS criteria as the design fulfils the

requirement that there will be no property flooding for a 30 year event. The additional storage

require for a 100 year event is to be provided by the road network in the catchment.

Criteria 4 Long Term Storage

The long term storage requirements were not considered in the design as this was a retro fit

system and therefore the Greenfield conditions did not exist prior to the building of the swale.

However calculations of the long term storage requirements have been assessed in order help

show the difficulties in properly sizing retrofitted systems

PIMPPIMP (aO.8)+ 1      ( .SOIL)- SOILVOlx  = RD.A. IO 10--0      ,

Where:

Volxs is the extra runoff volume (m3) of development runoff over Greenfield runoff.

RD is the rainfall depth for the 100 year, 6 hour event (ram).
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PIMP is the impermeable area as a percentage of the total area (values from 0 to 100).

A is the area of the site (ha).

SOIL is the "SPR" index from FSR.

~t is the proportion of paved area draining to the network or directly to the river

(values from 0 to 1).

13 is the proportion of pervious area draining to the network or directly to the river

(values from 0 tol).

It is assumed that all the 80% imperious drains directly into the drainage network for

a and that 80% of the pervious area drain to the network for 13.

The PIMP value is the total area impermeable area =. 18.7 * 60%= 11.22 ha.

The soil runoff coefficient used is 0.3 for soil type 2 which is a GDSDS typical soil type for

Dublin

Vol Xs 2201.364
RD 65.4
a 18.7

soil 0.3

0.8

0.8
pimp 0.6

( ][0.60 (1 x 0.8) + 1 (0.8 x 0.3) - 0.3Volxs = 65.4x 18.7x 10 El00
1001

The Vxs (excess volume) required for long term storage is 2,201m3 This excess storage

capacity has not been accounted for as this is a retro fit design and additional area was not

available to increase the storage capacity
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Design of the SUDS System

The SUDS system in Glendhu Park consists of 2 swales, a 1800m3 swale in the green area

beside Glendhu Park and a 682m3 swale in the green area beside Park Road at the junction of

Kinvara Grove.

Swale 1
~75m

!i-

.4

Figure 27 Design Drawing for Swale 1 at Glendhu Park

This swale is located in the green area of Glendhu Park. It has an approximate footprint of

75m x 25m, a depth of 1.5m and has a storage capacity of 1200m3 in times of flood. The
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edges have gentle slopes of 1:3 around the perimeter with a smooth transition from sides to

base. These details allow mowing of grass without difficulty.

Two manholes immediately before the swale have been be re-constructed to include a weir to

allow for the water to enter the swale in times of flood and one manhole has been be re-

constructed to allow floodwater to drain from the swale after a flood event. A small earth

mound has been formed between the existing footpath and the new swale.

/ 1,
Tr---42------ -

, ¯ ]ii

L.

JlI-U -
r=! , -I ’

, ~      i

Figure 28: Redesign drawing for Surface water manhole upstream of swale

Swale 2

This swale is located in the green area adjacent Park Road. The storage capacity is 500m3 in

times of flood. The edges have gentle slopes of 1:3 around the perimeter with a smooth

transition from sides to base also.
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Figure 29 Design drawing for second swale at Park Road

One manhole immediately before the swale has been re-constructed to include a weir. A one

new manhole will be constructed with a weir to allow for the water to enter the swale in times

of flood while another manhole has been re-constructed to allow floodwater to drain from the

swale after the flood event.

Section A-A

Figure 30: Design drawing for upstream manhole for swale 2
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In addition to the new swale some additional improvements have been incorporated while

this phase of construction has been ongoing.

1) A new footpath through the green area adjacent the swale.

2) Two or three new cast iron bollards between the new footpath and the lane leading to

Glenadff Rd.

3) Re-surfacing of the existing footpath from Park Road to the laneway.

In a 1 in 100 year event the two swales will take approximately one hour to fill up and a

further one-hour to drain away. However it will take a 1 in 10 year storm event before any

water will flow into the proposed swales.

Construction of the swales, which is now almost complete, started in May 2010 and was

carded out by Dublin City Council Drainage Reconstruction Section. Previously these green

areas were suitable as play areas for young children and once construction is complete, the

swales which will have gentle side slopes, will be grass seeded and maintained by the Dublin

City Council Parks Department. This will ensure that the two swales will blend into the

existing landscape
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Figure 31 Construction of Swale 1 at Glendhu Park

Conclusion

When assessed against the 4 design criteria in the GDSDS Development Policy the design

fails to meet both Criteria 1 interception/treatment volume and criteria 4 the long term

storage.

The design of the piped network does not intercept or treat the first flush; it allows it to stay

within the piped network and does not direct it into the swales. Only the excess volumes

overflow into the swales. To improve on the design for water quality treatment/interception
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of the first flush for future project perhaps DCC Drainage should look at source control

methods such. DCC could work with the local community by trying to reduce the number of

misconnections by carrying out a misconnections survey and encouraging local source

controls methods such as rain water barrels for roof drainage. The design also does not take

account of long term storage however as this is a retro fit design it is difficult to see where

such large volumes could be stored. The difficulty in finding areas to retrofit SUDS devices

into urban catchment areas shows the importance of SUDS design being incorporated into the

early stages of the planning and development of a catchment

The swale design does however meet the criteria 2 and 3 limiting offsite flow and for flood

protection and as mentioned throughout this case study, the design for the Swales in Glendhu

park is primarily concerned with the flood protection of property. In this regard the design

appears to be successful.

Dublin City Council is trialling the use of these two swales in the Glendhu estate as a way of

resolving the existing flooding issues in the estate in a cost efficient manner. If the Glendhu

estate trial is successful Dublin City Council will be using these types of swale systems in

other estates in the DCC area and indeed the design for another estate in Cabra is already well

progressed.
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3.6.2 Case study 2: Tolka Valley Wetland.

Introduction

The Tolka Valley Wetland in Finglas was built in 1999 as a way of treating the badly

polluted Finglaswood stream prior to it rtmning into the fiver Tolka. The Finglaswood River

or Mount Olive Stream running south west of Finglas Village is a tributary of the River

Tolka. It is approximately 2.2 kilometre long and runs from Rathoath Road, Cappagh Road to

Tolka Valley Park in Finglas

Figure 32 Map of Finglaswood River (Sweeney 1991)

The Finglaswood River has been badly polluted by misconnections and urban runoff which

consisted mainly of
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¯ Domestic misconnections - generally taking the form of incorrectly plumbed washing

machines and dishwashers but also includes showers, baths and toilets

¯ Disposal of household chemicals, paints and solvents

¯ Diffuse pollution from intermittent road run-off with all the usual pollutants that are

carded from trafficked roads

¯ Car wash run off with detergent, oils and solids

¯ Disposal of used engine oil into road gullies, most prevalent in summertime

¯ Disposal of old petrol from lawn mowers

¯ Disposal of material used in construction such as plaster slurry, cement, lime and

concrete container washing

¯ Fouling by dog and cat litter

"A recent survey of 2602 domestic premises in an area similar to this catchment gave the

following misconnections :

Washing Sinks Dishwashers Showers Ba~s Toilets
Machines

i00 63 22 18 4 3
48% 30% 10% 8% 2% 2%

Figure 33 Misconnection Type

This is a total number of 210 misconnections or 8% of houses surveyed". (J.Collins 2009)
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Misconnection Type

..Washing Machine

uSink

[] Dishwasher

[] Shower

¯ Bath

¯Toilet

Figure 34 Misconnection type (J.Collins 2009)

It is a common perception that a toilet misconnection is more serious than a domestic

appliance misconnection however the table below, which shows a pollutant load from some

typical domestic appliances, demonstrates that this is not the case. While only a spot sample

it still gives a good indication of the typical pollution load from a misconnection

Phosphate Population
Appliance B.O.D. (rag/I) pH Solids (mg/I)

(mg/I) Equivalent

Washing 1,534 10.0 366 0.53 1.5

Machine
(58.5 litres)

Dishwasher 313 9.2 19 0.32 0.13

(25 litres)

Car Wash 3,160 0.36 0.36

(7 litres)

Figure 35 Domestic Appliance Loading J.Collins 2009)
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Figure 36 Layout prior to wetland (J.Collins 2009)

The wetland

The wetland composes of two cells, a primary cell and a secondary cell with a length to width

ratio of 4:1. The cells are designed to distribute the flow evenly throughout the area to avoid

dry patches and make the best use of the area. Unfortunately due to the constricted area onsite

the wetland cannot cope with additional storm flow and additional flows are diverted at the

weir and bypass the wetland." At a dry weather flow of 9 l/sec the wetland has a retention

time of 49.5 hours however at maximum flow the retention time is just 13 hours." O.Collins

2009)
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Figure 37 Layout of wetland (J.Collins 2009)

Figure 38 Areal shot of wetland (J.Collins 2009)
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Figure 39 Picture of wetland March 2009

To date Dublin City Council has been very pleased with the results of the Tolka Valley

Wetland "between 1999 and 2005 the phosphate levels decreased from an average of 0.296

mg/l to 0.014 mg/l and the ammonia level decreased from 1.080 mg/l to 0.503 mg/l in the

receiving lake waters. " (J.Collins 2009)

The most recent testing carded out between 2008 -2010 by Dublin City Council on the

receiving waters are shown in Figure 45. These results over this period show that the

improvements have in general been maintained.
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Sampling Location

Tolka Inflows Finglaswood

Tolka Inflows Finglaswood

Tolka Inflows Finglaswood

Tolka Inflows Finglaswood

Tolka Inflows Finglaswood

Tolka Inflows Finglaswood

Tolka Inflows Finglaswood

Tolka Inflows Finglaswood

Tolka Inflows Finglaswood

Tolka Inflows Finglaswood

Tolka Inflows Finglaswood

Tolka Inflows Finglaswood

Tolka Inflows Finglaswood

Tolka Inflows Finglaswood

Stream

Stream

Stream

Stream

Stream

Stream

Stream

St

Stream

Stream

Stream

Stream

Stream

Stream

Tolka Inflows Finglastown Stream

Tolka Inflows Finglastown Stream

Tolka Inflows Finglaswood Stream

Tolka River, Finglaswood Stream

Tolka Inflows Finglaswood Stream

Tolka Inflows Finglaswood Stream

Tolka Inflows Finglaswood Stream

Tolka Inflows Finglaswood Stream

Tolka Inflows Finglaswood St

Tolka Inflows Finglaswood St

Tolka Inflows Finglaswood Stream

Tolka Inflows Finglaswood Stream
Figure 40: Test results from outfall to

~Date Time

May 8, 2008    09:40
August 7,
2008 09:40
October 8,
2008 09:40
October 23,
2008 09:25
November 20,
2008 09:25
January 7,
2009 10:00
January 28,
2009 09:35
February 26,
2009 09:30

April 1, 2009 09:35

April 23, 2009 09:50

May 27, 2009 10:20

June 18, 2009 09:55

July 16, 2009 09:00
August 13,
2009 09:50
September 3,
2009 10:00
September 17,
2009 09:50
October 14,
2009 09:45
November 5,
2009 09:35
December 16,
2009 10:50
January 21,
2010 09:10
February 17,
2010 09:35
March 11,
2010 09:10

April 15, 2010 09:20

May 19, 2010 09:25

June 17, 2010 09:20

July 8, 2010 09:20
Tolka River

Ammonia
(mg/I)

0,57

0.05

0.21

0,49

1.00

2.59

0.95

6.94

2.23

0.50

0.24

0.11

0.12

0.62

0.15

0.17

0.16

0.59

2.60

3.53

2.01

1.51

1.52

<0.03

0.03

0.11

Phosphorus
(mg/I as P)

0.11

<0.13

<0.03

0.03

0.04

0.03

<0.03

<0.03

<0.03

0.09

0.03

0.07

0.09

0.06

0.04

0.08

0.13

0.03

0.03

<0.03

<0.03

<0.03

<0.03

<0.03

0.09
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Figure 41 is a comparison of the pre and post wetland levels for ammonia. As can be seen

from the graph the wetland has had a dramatic effect on the ammonia level. Levels of

ammonia have dramatically decreased and although peaks are seen in ammonia levels they

reduce back within a short period of time.

Figure 42 is a comparison of the ammonia level at the wetland against the Base on Water

Framework Directive standard for ammonia (0.065 mg/1) for good water quality. This shows

that at times the water quality has improved to a level where it fulfils the criteria for good

water quality

6

5

~ Pre wetland Ammonia based
on singal spot sample (me/I)

Post Wetland Ammonia
(rag/I)

Figure 41" Test result for ammonia pre and post wetland
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Ammonia (rag/I)

-- -- WFDAmmonia
Standard for Good
quality Water(mg/I)

Figure 42: Test result for ammonia at wetland against the WFD standard

Figure 43 is a comparison of the pre and post wetland levels for phosphorus. As with the

ammonia level the phosphorous levels have dramatically decreased since the introduction of

the wetland.

Figure 44 shows the phosphorous level at the wetland against the Base on Water Framework

Directive standard for phosphorous (0.035 mg/1) for good water quality. Having the wetland

in place has helped to bring phosphorous levels down to a level where it at times achieves the

standard of good water quality.
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0.35

0.3

0.25

0.2

0.15
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-------- Post- Wetland Phosphorus
(mg/I as P)

-- -- Prewetland Phosphorus
based on single spot sample
(mg/I as P)

Figure 43: Test result for Phosphorus pre and post wetland

8

Post- Wetland Phosphorus
(mg/I as P)

-- -- WFD Phosphorus Standard
for Good quailty
Water(rag/I)
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Figure 44: Test result for Phosphorus at wetland against the WFD standard

Figure 45: Tolka Valley wetland May2009

The other part of the success story for this wetland has been the increase biodiversity in both

the wetland and the receiving waters. In 2008 Dublin City Council commissioned a

biodiversity survey of the wetland. This study concluded that the Tolka Valley wetland as

well as reducing the pollution in the area has become a community amenity.

"The establishment of the ICW at Tolka Valley Park is an excellent example of how the forces

of biodiversity can be harnessed for the benefit of people - in this case transforming a foetid

quagmire into a water purification unit with amenity value" (Openfield Ecological Services 2008)

The study also found that a large number of bird and plant species could now be found in the

area and that the wetland even attracted plant, bird and animal species that otherwise would

not be found in this area of Dublin
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"While only a small number of species were planted at the onset of the project, this survey

has found that many other species have since colonised the site and the wetland has even

attracted species that would not otherwise be found in the area, even from the banks of the

Tolka. These include the Reed Bunting, the Common Frog, a variety of flowers and sedges,

and the Banded Jewelwing Damselfly. These colonisers are indicators of the success of the

1CW and their variety in turn enhances its capacity to remove pollutants" (Openfield Ecological

Services 2008)

Figure 46: Nest of moorhen in wetland (Openfield Ecological Services 2008)

95



The Use of SUDS in Dublin: BuiMing SUDS Database MA1 Engineering

Figure 47: Moorhen in wetland June 2010

Design Criteria

The wetland is not designed to provide any short term or long term storageand is designed

purely for pollution prevention. However calculations have been carried out to show the

SUDS storage requirements of the catchment

The following calculations are based on the stormwater design formulas outlined in GDSDS

vol 2 for the treatment volume required

Critria I Treatment interception Volume

The interception volume of 10mm is required by the GDSDS and/or 15mm treatment volume

Vt. Assuming there is 50% impermeable area in the catchment as this is a low density

residential, the catchment area is approximately 50 ha.
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Vt = Rainfall x area x % of impermeable area

Vt= 0.015 x 50ha x 0.5

Vt = 3750 m3.

The wetland itself is only approximately 1,000 m3 which is smaller than the calcualtions

above indicate and therefore a bypass system is required to operate in wet weather.

Criteria 2 Limit to down Stream flow

The calculation of Greenfield flow

QBmRrural = 0.00108 x AREAo.89x SAARI.17 x 8OIL2.17

Where:

QBARn~ral is the mean annual flood flow from a rural catchment in m3/s.

AREA is the area of the catchment in km2.

SAAR is the standard average annual rainfall (for the period 1941 to 1970 in mm).

SOIL is the soil index, which is a composite index determined from soil survey maps

that accompany the Flood Studies Report.

QBAR can be factored by the regional growth curve to produce peak flood flows for other

return periods.

AREA = 50 ha

SAAR = 750 mm this a typical value for Dublin used in the GDSDS storm water design
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Soil runoff %. = 0.3 (assumes the soil type is type 2 which is atypical soil type for the Dublin

region type 5)

QBARrural = 0.00108(50)0.89(750)1.17(0.3)2.17

QBARr~r~ =5.95 Us

QBARrur~ (Greenfield flow) is greater than 2 1/s and so is therefore used as the limit to

downstream flow.

Criteria 3 Level of Service

The storage volume required for various storm events occurring in the region of the Glendhu

Estate are presented in Figure 31.The storage calculations have been carded out using the

rational method.

Total flow is calculated as follows

TotalvoL = C*i*A

Where

C is the runoff coeflcent

i is the rainfall intensity

A is the area.

The flow out of the catchment is calculated as follows

Volout= Q * t*A
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Where

Q is the limited flow out of the catchment (from criteria 2)

t is the time in seconds

A is the site area
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The storage required in the Tolka Valley Park for a 1 year minute duration storm event is

964m3. For a 30 year 2 hour duration event the storage requirement is 4717m3 while for a 100

year 3 hour duration event the storage requirement is 7365m3.

Criteria 4 Long Term Storage

Where:

Volxs is the extra runoff volume (m3) of development runoff over Greenfield runoff.

RD is the rainfall depth for the 100 year, 6 hour event (ram).

PIMP is the impermeable area as a percentage of the total area (values from 0 tol00).

A is the area of the site (ha).

SOIL is the "SPR" index from FSR.

a is the proportion of paved area draining to the network or directly to the river

(values from 0 to 1).

13 is the proportion of pervious area draining to the network or directly to the fiver

(values from 0 to 1).

It is assumed that all the 80% imperious drains directly into the drainage network for

ct and that 80% of the pervious area drain to the network for 13.

The PIMP value is the total area impermeable area =. 40 * 50%= 20 ha.

The soil runoff coefficient used is 0.3 for soil type 2 which is a GDSDS typical soil type for

Dublin
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Vol Xs 3662.4

RD 65.4

a 40

soil 0.3

Cl 0.8

P 0.8

pimp 0.5

[0.60 (lx0.8)+ (1 0.55’~
]

Volxs = 65.4x 40x 10 tO00
1-’~’/(0.8 x 0.3) - 0.3

The Vxs (excess volume) required for long term storage is 3662m3

’\
\    \

Figure 49: SUDS Site 93 Tolka Valley Wetland

SUDS DATABASE

Tolka Valley WelJand

SUDS Site 93
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Conclusion

As can be seen in the results in Figures 42 and 44 above the ammonia and phosphorous levels

are generally above the WFD standard for good water quality and although there have been

some peaks in both ammonia and phosphorus level, these peaks generally coincide with

heavy rainfall. As the design criteria calculations have shown that due to the size restriction

on the site area available for the wetland a bypass system is required to operate in wet

weather. This bypass system and the large catchment area means that during periods of wet

weather peaks in both ammonia and phosphorous are seen in the Tolka inflows from the

Finglaswood steam. These peaks show the importance of upstream/onsite treatment as the

wetland would need to be four times its current size to completely treat the first flush from

the catchment area. However despite these peaks the wetland has had a dramatic effect with

regard to improvement in water quality. The wetland has also been a great success in terms of

improving biodiversity as the increase in the number of plant, animal and insect species has

demonstrated

The design calculations for storage also show how large the wetland would have to be to

cater for the storage requirements, and show how large downstream SUDS solutions need to

be to fully meet all SUDS requirements

Currently Dublin City Council is planning to upgrade the wetland in order to combat these

peaks flows and generally improve the capacity for dealing with storm event by building a

third wetland cell. This cell is to be built on the far side of the park to the north and is to take

dry weather flow directly from the culvert with a bypass pipe for excess flows. This third cell

will hopefully double the capacity of the wetland site. Dublin City Council also intend to
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carry out a misconnect survey upstream of the wetland which should improve the water

quality upstream of the wetland.
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3.6.3 Case study 3: York Street apartments

Introduction

The York Street apartments are a housing scheme consisting of sixty-six social housing units

which are made up of: 20 - 1 bed, 29 - 2 bed and 17 - 3 bed units. Dublin City Council

worked with its energy advisor, Codema in redeveloping the York Street site as a model for

sustainable living. The newly-constructed apartments boast excellent Building Energy

Ratings, with ratings ranging from A3 to B2. Codema estimates that the energy-efficient

measures of this redevelopment will result in a reduction in fuel costs for residents by up to

70 per cent and a reduction of over 50 per cent in both energy usage and COz emissions. This

complex is one of the first Dublin City Council housing schemes to incorporate several new,

innovative and most importantly, sustainable energy efficient concepts. Some of the concepts

include:

¯ Solar panels for the provision of constant hot water for the residents

¯ Sedum roofs which have exceptional insulation properties and have excellent

rainwater retention properties

¯ Rainwater is collected in twelve stainless steel water butts for use by the residents

in the courtyard area

¯ Extensive use of sheep’s wool in external walls for insulation purposes

¯ Encouragement of organic waste recycling by the provision of a food digester on

site

¯ Provision of glazed balconies with sliding glass panels, which trap solar heat, for

use as winter gardens in winter- time and as extra living space in the summer.
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Figure 50 Sedum Roofs July 2010

Dublin City Council social housing scheme was officially opened at York Street, Dublin 4 on

Monday 25th May 2009 by the Lord Mayor of Dublin, Eibhlin Byrne and the Minister for the

Environment, Heritage and Local Government, Mr. John Gormley, TD.

"I am delighted to welcome this wonderful example of sustainable and energy efficient

housing. This reflects strongly Dublin’s commitment to making our city greener which can

only improve the quality of life for people as well as ensuring that Dublin’s sustainability is

ensured into the future" said the Lord Mayor. (DCC press release 2009)
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Figure 51 : Roof York Street July 2010

The York Street Housing won an award from the Royal Institute of the Architects of Ireland

(RIAI) for Best Sustainable Building. These awards recognise excellence in architectural

designs and are made both to the designers and to the commissioning clients.

Dublin City Council issued a draft green roof policy in August 2008 which promotes the use

of green roofs in the Dublin City Council area. The York Street housing complex is a good

example of how the green roof policy and Dublin City Council storm water management

policy could co-exist

"A Green Roof policy could become central to the implementation of SuDs, as Green Roofs

reduce the quantity of run-off improve water quality and provide valuable new habitat in

urban areas. It is also important to note that the drainage study recommends that a SuDs

system be mandatory in all new developments unless the developer can demonstrate to the
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Local Authority that its inclusion is impractical due to site circumstances or that its effect on

the control of run-off would be minimal such as for rural sites. Again Green Roof policy

would aid in reinforcing this recommendation" (DCC Green roof policy)

Typical Commercial Green Roof SecUon

m..,..,

~ -~

GeotexUle Filter Layer

m

m mum ameba taBU iDa Ham ion am

A /~ ~ & z~ A -~- Roof Structure

Figure 52: Section through green roof: (DCC Green roof policy)

Drainage Layer

Root Barrier with Waterproof
Layer below

Insulation

Vapour Control Layer

The development

Figures 52 and 53 show two of the drawings submitted as part of the drainage approval

process. These drawings show the surface water drainage pipe work and the water harvesting

tanks. The surface water system is developed so that any runoff from the sedum roof is

collected into the rain water harvesting tanks and is used by the residents for grey water usage

and for use in the communal garden. The overall SUDS capacity on site is provided by

approximately 1200 m2 sedum roof which has a 100-50 mm depth and 14 rain water storage

tanks with approximately 3.6 m3 of storage each. There are also two small roof gardens that

are also used for drainage.

108



The Use of SUDS in Dublin. Building SUDS Database MAI Engineering
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Figure 53: Drainage Drawing from planning file

Figure 54: Design Drawing of Rainwater harvesting tanks from planning file
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Figure 55" Sedum roof July 2010

Figure 56: Aerial Photo of Construction (bing maps 2009)
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~:’ii ~?:

Figure 57: Drainage from roof to rain water tank July 2010

Figure 58: Rain water Harvesting Tank York Street July 2010
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Figure 59: Roof Garden (part of Green Roof) July 2010

Design Criteria

As with all new developments in the Greater Dublin Area the York St Development must

comply with the GDSDS development policy Vol 2 and GDRCOP Stormwater Management

Policy for developers as outlined earlier in this Chapter.

The following design calculation are based on these design criteria and the information

available in the DCC Drainage Planning and DCC Housing Files
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Criteria I Interception/Treatment volume

The interception volume Vi of 10mm is required by the GDSDS and/or 15mm treatment

volume. As this site is in the middle of the city it is assumed that there is no impermeable

area.

Vi = Rainfall x Permeable area

Vi = 0.010 mm x 2130 m2

Vi = 21.3 m3

"Green roofs reduce the annual and seasonal rain runoff considerably. The annual runoff

coefficient ranged between 23% and 38%. During summer 16%-31% and in winter 40%-60

% were observed for the runoff coefficient" (M. Uh12008)

Taking a conservative yearly value from the above research and assuming that the green roof

reduces the runoff by 62% then Vi volume is 8.094 m3. Assessment of the treatment volume

has not been determined as the interception volume is more than covered by the rainwater

harvesting tanks

Citeria 2: Limit to down stream Jlow

The calculation of Greenfield flow

QBAR~ur.~ = 0.00108 x AREAo.89 x SAARI.17 x SOIL2.17

Where:

QBARn~ra~ is the mean annual flood flow from a rural catchment in m3/s.

AREA is the area of the catchment in km2.
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SAAR is the standard average annual rainfall (for the period 1941 to 1970 in mm).

SOIL is the soil index, which is a composite index determined from soil survey maps

that accompany the Flood Studies Report.

QBAR can be factored by the regional growth curve to produce peak flood flows for other

return periods.

Area = 0.213 ha

SAAR = 750 mm this a typical value for Dublin used in the GDSDS storm water design

Soil runoff %. = 0.3 (assumes the soil type is type 2 which is atypical soil type for the Dublin

region type 5)

QBARrura] = 0.00108(0.213)0.89(750)1.17(0.3)2.1

QBARrural = 0.046 1/s

A runoff rate of 2 1/s is being used here as QBARrur~ (Greenfield Flow) is smaller than the

runoff rate and the GDSDS states that the high value should be used

Criteria 3 Level of Service

The storage volume required for various storm events occurring in the region are presented in

Figure 65. As the site is located in the city centre it is assumed that the whole site is

impermeable. The storage calculations have been carded out using the rational method and

total flow is calculated by

TotalvoL = C*i*A

Where

C is the runoff coefficient

i is the rainfall intensity
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A is the area.

And flow out of the catchment is calculated by

Volout= Q * t*A

Where

Q is the limited flow out of the catchment (see criteria 2)

t is the time in seconds

A is the site area
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The GDSDS states that for most small sites a "summer design storm of 15 or 30 minutes are

normally critical". As an Infoworks model is not being used for this design, the storage

requirement that is being used is a more conservative 1 hour duration events. The storage

required for the critical storm duration of 1 hour for 1 year, 30 year and 100 year events are

19 m3, 57 m3, 79 m3

The green roof is assumed to reduce the runoff by 62% so the storage volume required for no

property flood is 30m3. The rain water harvesting tanks provide approximately 50m3 of

storage

Criteria 4 Long term storage

= RD.A. 10I PIMPVOlxs
i 100

PIMP              ]
-- {ct0.8}+ (1 ~ )([3.SOIL }- SOIL

Where:

Vol~ is the extra runoff volume (m3) of development runoff over Greenfield runoff.

RD is the rainfall depth for a 100 year, 6 hour event (mm).

PIMP is the impermeable area as a percentage of the total area (values from 0 tol00).

A is the area of the site (ha).

SOIL is the "SPR" index from FSR.

is the proportion of paved area draining to the network or directly to the river

(values from 0 to 1).

[3 is the proportion of pervious area draining to the network or directly to the fiver

(values from 0 to 1).
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Assuming that all the impervious area drains directly into the drainage network for ix.

The PIMP value is the total area- green roof =0.2130 ha -0.1200 ha= 0.213 ha.

The soil runoff coefficient used is 0.3 for soil type 2 which is a GDSDS typical soil type for

Dublin

RD 65.4

a 0.213

soil 0.3

ix 1

0.6
PIMP 0.55

r0.55
Volxs = 65.4 x 0.213 x 10 [ 1-T-~- (1

Volxs = 30.78 m3

100 / (0.6 x 0.3) -

The Vxs (excess volume) required for long term storage is 31 m3. Some of this excess storage

is provided by the rainwater harvesting tanks, the additional storage is provided by an

underground car park which will flood in an extreme 6 hour 100 yr event which would cause

no property flooding

Conclusion

The York Street apartments are a successful combination of both Dublin City Council green

roof policy and Dublin City Council storm water drainage policy. They are able to meet all

the design criteria listed in the GDSDS development policy and the GDRCOP Stormwater

Management Policy for developers and even have an amenity value in a roof garden for the

available for the residents. The rainwater harvesting tanks are also used recycled water to

water the plants in the green space in the middle of the housing block. The York Street

apartments are an excellent example of SUDS use in a confined site in Dublin city centre.
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During a site visit to the York Street apartment, it was discussed with the Dublin City

Council housing staff on site whether there had been any issues with SUDS devices onsite. In

general it was found that the SUDS systems have worked well and there have been no

problems with the green roof. Although there had been some vandalism problems with a

couple of the water tanks, these were also functioning well.

Figure 61 Courtyard above car park York Street July 2010
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3.5.4 Case Study 4: Large Scale developments: Ballymun Regeneration

Limited/Pelletstown

More and more development in Dublin is now happening on an area by area basis rather than

piecemeal. This gives Dublin City Council an opportunity to design a catchment wide

drainage plan for the development. Two recent examples of this are Ballymun Regeneration

Limited and Pelletstown

Ballymun Regeneration Limited

Ballymun Regeneration Ltd (BRL) is a Dublin City Council company, set up in 1997, to plan

and implement a regeneration programme which will result in a new town centre with new

and improved facilities for the 30,000 people who will live there. BRL is working with the

community to develop and implement the Masterplan for the physical, economic and social

regeneration of Ballymun.

The seven fifteen-storey tower blocks, nineteen eight-storey blocks and ten four-storey blocks

of flats have been demolished. They are being replaced by at least 5,000 new homes in a

variety of styles and sizes in five existing neighbourhoods.
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Figure 62 BRL Aerial shot of catchment (BRL 2010)
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.

SUDS DATABASE

BRL

SUDS Site 02

Figure 63 SUDS Site 02 BRL

The unique aspect from a SUDS viewpoint is that this redevelopment in Ballymun gave

Dublin City Council an opportunity to use SUDS on a catchment wide level rather than the

piecemeal development by development approach. As part of the plan to redevelop the

Ballymun suburb BRL were asked to attenuate the storm water flows within the project area.

This plan involved the use of SUDS on a development level and a large storm water

;attenuation pond on a catchment wide level. The overall Storm water Masterplan (Figure 69)

ihas three large attenuation ponds in Poppintree Park, Whitepark and Shangan Court (shown

:in black in the drawing below). The storage available at each location is as follows:

Poppintree Park: 30,000 m3, Shangan Court 800 m3 and Whitepark 1200 m3.
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This storage is designed to avoid flooding in the residential and commercial property for

extreme storm events.

Figure 64 BRL Stormwater Masterplan (BRL 2010)

Figure 65 Poppentree Park Retention Pond(BRL 2010)
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The 2007 BRL Masterplan promotes the development of SUDS technology in the building of

new developments such as soakaways, rain water harvesting, green roofs and permeable

paving. Most of the older BRL housing developments use filter drains in their back gardens,

while the newer developments use permeable paving, green roofs and rain water harvesting.

A couple of examples of this is the development located around Balcurris Park where the

local surface water drainage from hard standing area and roof drainage from local buildings

are to be drained into swales in the park and rain water tanks for use by Dublin City Council

Parks department and the Ballymun Recreation Centre which has had a green roof installed

Design Criteria

As with all new devlopments in the Greater Dublin Area the SUDS design for the BRL area

are based on the stormwater design formulas outlined in GDSDS vol 2 and GDRCOP

Stormwater Management Policy for developers as outlined earlier in this chapter. These

SUDS design critrea have been been applied to the following calcualtions.

Criteria 1 Interception/Treatment volume

The interception volume of 10mm is required by the GDSDS and/or 15mm treatment volume

Vt. As this site is a middle density urban area it is assumed that there is 70% impermeable

area.

Vt = Rainfall x %Permeable area x total area

Vt = 0.015 mm x 0.7 m2 x 100ha

Vt= 10,000m3
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Criteria 2 Limit to down Stream flow

The calculation of Greenfield flow

QBARRrural = 0.00108AREAo.89SAARl.17SOIL2.17

Where:

QBARRrur~ is the mean annual flood flow from a rural catchment in m3/s.

AREA is the area of the catchment in km2.

SAAR is the standard average annual rainfall (for the period 1941 to 1970 in mm).

SOIL is the soil index, which is a composite index determined from soil survey maps

that accompany the Flood Studies Report. QBARR can be factored by the regional

growth curve to produce peak flood flows for other return periods.

Area 150 ha

SAAR = 750 mm this a typical value for Dublin used in the GDSDS storm water design

Soil runoff %. = 0.3 (assumes the soil type is type 2 which is atypical soil type for the Dublin

region type 5)

QBARRruraJ = 0.00108(150)089(750)1.17(0.3)2.1

QBARRrural =15.82 1/s

QBARRrur~ (Greenfield flow) is greater than 2 1/s and so is therefore used as the limit to

downstream flow.

Criteria 3 Level of Service

The storage volume required for various storm events occurring in the Ballymun region are

presented in Figure 71.The storage calculations have been carried out using the rational

method.
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Total flow is calculated by

TotalvoL = C x i x A

Where

C is the runoff coefficient

i is the rainfall intensity

A is the area.

The flow out of the catchment is calculated by

Volout= Q x txA

Where

Q is the limited flow out of the catchment (see criteria 2)

t is the time in seconds

A is the site area
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From Figure 71 the critical storm duration is 1 hour for a 30 year and 100 year event and the

critical storm duration is 15 minutes for the 1 year event. The storage required for the critical

duration storm 1 year, 30 year and 100 year storms are 2,736 m3, 14,470 m3 and 23,207 m3.

This storage requirement is accounted for by the three retention ponds with a total storage

capacity of 32,000 m3

Criteria 4 Long term storage

i¸VOlx  = RD.A.10 PIMP (ct0.8)+ 1
100

VV’here

Volxs is the extra runoff volume (m3) of development runoff over Greenfield runoff.

RD is the rainfall depth for the 100 year, 6 hour event (mm).

PIMP is the impermeable area as a percentage of the total area (values from 0 to 100).

A is the area of the site (ha).

SOIL is the "SPR" index from FSR.

~t is the proportion of paved area draining to the network or directly to the river

(values from 0 to 1).

13 is the proportion of pervious area draining to the network or directly to the river

(values from 0 to 1).

It is assumed that all the 80% imperious drains directly into the drainage network for et and

that 55% of the pervious area drain to the network for 13. This is to account for all the filter

drains in use in Ballymun development
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The PIMP value is the total area impermeable area =. 150 * 55%= 52.5 ha.

The soil runoff coefficient used is 0.3 for soil type 2 which is a GDSDS typical soil type for

Dublin

RD 65.4

a 150

soil 0.3

ot 0.8

13 0.5

PIMP 0.55

r0.55
Volxs = 65.4 x 150x 10 [ 1-’~" (0.8

Volxs = 11722.95 m3

x0. +
100 J (0.5 x 0.3) -

The Vxs (excess volume) required for long term storage is 11,723 m3. This excess storage

capacity is accounted for in the remaining capacity of the retention pond (approximately 9000

m3) and the other onsite SUDS systems. This additional storage will operate in an extreme 6

hour 100 year event and will prevent property flooding.
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Pelletstown Development

Pelletstown is located in the north west of Dublin between the River Tolka and the Royal

Canal, just north of Ashtown and previously was undeveloped area formally known as

Pelletstown House. The development was carried out by two private companies Ballymore

Homes and Castletorn Properties and is approximately 40 ha which includes approximately

2,500 housing units and a town centre.

Figure 67 SUDS site 03 Pelletstown

SUDS DATABASE

Pelletstown

SUDS Site 03
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Figure 68: Pelletstown Master plan (from the planning record)

The development qualified for funding under the Department of Environment Heritage and

Local Government (DOEHLG) Strategic land initiative (SLI) which meant that Dublin City

Council part funded the water and drainage infrastructure through this DOEHLG initiative.

The surface water system in Pelletstown was designed to work for the whole development

area. The main feature is a three level retention pond with a storage capacity of over

10,000m3 which is located at the end of the surface water system. All the car parking spaces

throughout the development area are drained using permeable paving systems and there is

also a 70 metre swale running through the centre of the development. This swale however is

bypassed by a traditional piped system and only comes into operation in extreme events.
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/

Figure 69: Design drawing of retention pond in Pelletstown from planning files
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Figure 70: Retention pond in Pelletstown March 2010

Figure 71" Retention pond in Pelletstown March 2010
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Figure 72: Swale in Pelletstown March 2010

Design Criteria

As with all new devlopments in the Greater Dublin Area the SUDS design for the Pelletstown

area are Based on the stormwater design formulas outlined in GDSDS vol 2 and GDRCOP

Stormwater Management Policy for developers as outlined earlier in this chapter.These

SUDS design critrea have been been applied to the following calcualtions.
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Criteria llnterception/Treatment volume

The interception volume of 10mm is required by the GDSDS and/or 15mm treatment volume

Vt. As this site is a middle density urban area it is assumed that there is 70% impermeable

area.

Vt = Rainfall x %Permeable area x total area

Vt = 0.015 x 0.7 x 40

Vt = 4,200 m3

Citeria 2: Limit to down stream [low

The calculation of Greenfield flow

QBAR~ur,~ = 0.00108AREA0.89SAAR1.17SOIL217

Where:

QBARrural is the mean annual flood flow from a rural catchment in m3/s.

AREA is the area of the catchment in km2.

SAAR is the standard average annual rainfall (for the period 1941 to 1970 in mm).

SOIL is the soil index, which is a composite index determined from soil survey maps

that accompany the Flood Studies Report.

QBAR can be factored by the regional growth curve to produce peak flood flows for

other return periods.

Area = 40 ha

SAAR = 750 mm this a typical value for Dublin used in the GDSDS storm water design

Soil runoff %. = 0.3 (assumes the soil type is type 2 which is atypical soil type for the Dublin

region type 5)
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QBARrur~ = 0.00108(150)0.89(750)1.17(0.3)2.1

QBARn~r~ = 4.88 1/s

QBARr~ral (Greenfield flow) is greater than 2 1/s and so is therefore used as the limit to

downstream flow.

Criteria 3 Level o[ Service

The storage volume required for various storm events occurring in the region are presented in

Figure 78. The storage calculations have been carried out using the rational method.

Total flow is calculated by

TotalvoL = C * i * A

Where

C is the runoff coefficient

i is the rainfall intensity

A is the area.

’The flow out of the catchment is calculated by

Volout= Q * t*A

Where

Q is the limited flow out of the catchment (see criteria 2)

t is the time in seconds

A is the site area
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As can be seen from the Figure 78 the critical storm duration is 15 minutes for the 1 year

event, the critical storm duration is 1 hour event for the 30 year event and 2 hours storm

duration for a 100 year event. The storage required for the critical duration storm 1 year, 30

year and 100 year storms are 903 m3, 4,554 m3 and 7,292 m3. This storage requirement is

account for by the retention pond which has a total storage capacity of 10,000 m3

Criteria 4 Long term storage

E  PIMP I 1
PIMP (o.0.8)+ 1

(13.SOIL)- SOILX,’ol   = RD.A.IO
iO--O

Where:

Volxs is the extra runoff volume (m3) of development runoff over Greenfield runoff.

RD is the rainfall depth for the 100 year, 6 hour event (mm).

PIMP is the impermeable area as a percentage of the total area (values from 0 tol00).

A is the area of the site (ha).

SOIL is the "SPR" index from FSR.

a is the proportion of paved area draining to the network or directly to the river

(values from 0 to 1).

13 is the proportion of pervious area draining to the network or directly to the river

(values from 0 to 1).

It is assumed that all the 80% imperious drains directly into the drainage network for

a and that 50% of the pervious area drain to the network for [3. This is to account for

all the permeable paving in use in Pelletstown development

The PIMP value is the total area impermeable area =. 40 * 55%= 22 ha.
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The soil runoff coefficient used is 0.3 for soil type 2 which is a GDSDS typical soil type for

Dublin

RD 65.4

a 40
soil 0.3

a 0.8

13 0.5
PIMP 0.55

( ][0.55 (1 x 0.8) + 1 (0.6 x 0.3) - 0.3Volxs = 65.4x 40 x 10 [100
1001

Volxs = 3,126.12 m3

The Vxs (excess volume) required for long term storage is 3,126 m3. This excess storage

capacity is accounted for in the remaining capacity of the retention pond (approximately

2,700m3) and the 70 mz swale. They will operate in an extreme 6 hour 100 year event and

will prevent property flooding.

Conclusion

The two examples of Ballymun and Pelletstown show a coordinated approach to storm water

design and SUDS use. There is use of small scale filter drains, permeable paving at the source

level combined with downstream retention. Both the Pelletstown and BRL systems are

heavily dependent on infiltration through the permeable paving, filter drains, swales and

retention ponds and this dependence for the proper operation of the SUDS devices on

infiltration highlights the need for further research into the effect of infiltration on

groundwater quality and soil type on the rate of infiltration into the ground particularly with

such large volumes of runoff
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Both catchment areas also show some of the reasons why a SUDS database is needed. When

investigating the SUDS in use in Pelletstown there was confusion and conflicting details on

how exactly the SUDS system works. During review of the SUDS system it was revealed that

the large swale in the middle of the site is effectively bypassed by the piped system and that

the swale only operates in extreme events. The normally operating storm water SUDS

consists of just the retention pond.

In Ballymun filter drains have been installed in the gardens of most of the residential

development. The use of these filter drain not widely known and if this information is not

record and passed onto the Drainage Planning engineers, future planning permissions such as

house extensions could cause a gradual degradation of the overall SUDS system.
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3.5.5 Summary Of Case studies

The four case studies have shown a sample of the range of different types of SUDS devices in

Use in Dublin. They have highlighted the issues in applying the GDSDS and GDRCOP

Design Criteria in a practical setting such as

¯ The area restrictions of a SUDS retro fit to an existing urban catchment,

¯ The problem of using downstream solutions to resolve water quality issues,

¯ The design of SUDS for new developments in the city centre

¯ The creation of catchment wide stormwater systems.

The four case studies have also show the volume of information needed as well as some of

the key factors in assessing a SUDS system and its effect on the surrounding catchment.

Factors listed below are all important in assessing a SUDS devices effectiveness

¯ Catchment size,

¯ SUDS device type,

¯ Physical size

¯ The shape of the SUDS device,

¯ The downstream flows,

¯ Maintenance,

¯ Ecological features

¯ The reason for the SUDS devices installation

The next chapter will discuss how and why this information should be stored in a SUDS

,database for Dublin.
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Chapter 4

SUDS Database

This chapter will provide a step by step process of how the SUDS database was developed.

Initially a description will be provided of other SUDS databases that have been built. Then

details of where the source information for this database comes from and how the information

for inclusion in the database was determined. A description of the field descriptors used in the

database will be presented along with an explanation the software used to display the

database. And finally the database itself will be displayed where a number of case studies and

the types of SUDS systems used will be reviewed.

4.1 International SUDS Databases

The first step in developing the database was to carry out research in order to ascertain if any

other county councils, water companies or regional bodies have already developed a SUDS

database. Five other relevant databases were found:

¯ The "SNIFFER report" by the Scotland and Northern Ireland Forum for

Environmental Research. (Sniffer Suds Database July 2002)

¯ "Wetland Classification System, Criteria for Inclusion and Data Presentation" by

Environment Australia (Environment Australia 2009)

¯ International Stormwater Best Management Practises (BMP) Database from the

Urban Water Resources Research Council (UWRRC) of the American Society of

Civil Engineers (ASCE) (International BMP stormwater Database 2009)

¯ Dutch Stormwater database ( Boogaard F.C 2008)

¯ UK SUDS Database (CIRIA Suds Database2009)
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4.1.1 The SNIFFER Report

(Sniffer Suds Database July 2002)

In July 2002, SNIFFER (Scotland and Northem Ireland Forum for Environmental Research)

published their Final Report on "SUDS in Scotland- the Scottish SUDS Database ".

Their data was collected primarily from plans and correspondence contained within SEPA’s

(Scottish Environment Protection Agency) planning and working files. The author examined

files wherever possible in order to optimise data quality. This approach was adopted in

preference to the widespread use of surveys employing questionnaires or interviews, since

these techniques could lead to inconsistencies in responses, and to varying quality of output.

The terms ’SUDS Systems’ and ’SUDS Sites’ were clearly defined for the purpose of storing

and analysing the data.

¯ A SUDS system is defined as "a surface water or stormwater drainage installation,

which maximises benefits in terms of water quality, water quantity and amenity" e.g.

1 soakaway, 1 Retention pond

¯ A SUDS site is defined as "a site served by one or more SUDS system", e.g. 200

house development served by 200 soakaways and 1 retention pond.

A list of the characteristics or field descriptors stored within the SUDS Database is shown in

Figure 19 below. The SNIFFER Report also states that the data was stored and analysed

using an MS Excel spreadsheet.
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SCOTLAND

Sustainable Urban Drainage Systems and SUDS sites

Location

Land use

National Grid Reference

(SEPA) Team

File/Consent Reference

Client/Developer and Consultant

Addresses and telephone numbers

Local Authority

Status (constructed or otherwise)

Previous land use (greenfield or brownfield)

Date of correspondence

Size of the site

Other comments

Sustainable Urban Drainage Systems and SUDS sites

Location

Figure 74: Characteristic Fields in Scottish Database
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4.1.2 Wetland Classification system, Criteria for Inclusion and Data Presentation

(Environment Australia 2009)

A Report entitled "Wetland Classification system, Criteria for Inclusion and Data

Presentation" published by Environment Australia was also examined. The system uses the

field descriptors shown in Figure 21 to classify nationally important wetlands in Australia.

These wetlands include human made wetlands for wastewater treatment.

AUSTRALIA/NZ

Name of Wetland

Reference Number

Location

Area

Elevation

Other Wetlands in same Aggregation

Wetland type

Criteria for Inclusion (reference number 1-6)

Site Description

Physical Features

Hydrological Features

Ecological Features

Significance (reference code for Endangered, Rare etc)

Notable Flora
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AUSTRALIA/NZ

Notable Fauna

Social and Cultural Values

Land Tenure

Current Land Use

Disturbances or Threats

Conservation Measures Taken

Management Authority and Jurisdiction

Compiler & Date

Figure 75: Characteristic Fields In Austrialian Database

4.1.3The International Stormwater BMP Database project

(International BMP stormwater Database 2009)

The International Stormwater BMP Database project (first known as the National BMP

Database) began in 1996 through the efforts of a team of experts from the Urban Water

Resources Research Council (UWRRC) of the American Society of Civil Engineers (ASCE).

The project’s original long-term goal which remains the central focus of the project, is to

gather transferable technical design and performance information to improve BMP selection

and design, so that local stormwater problems can be cost-effectively addressed. Original

project tasks included:
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.

Developing a set of recommended monitoring and reporting protocols for BMP

monitoring studies.

2. Designing and creation of a national stormwater BMP database.

.
Collecting existing BMP design and performance data, evaluating it to ascertain if it

could meet the protocols and, if so, entering the data into the BMP Database.

4. Developing a recommended data evaluation approach.

5. Evaluating the data entered into the database and reporting initial findings.

The database encompasses a broad range of field descriptors including test site location,

watershed characteristics, climate data, BMP design and layout characteristics, monitoring

instrumentation, and monitoring data for precipitation, flow and water quality.

The International Stormwater BMP Database project (USA)

PART 1. GENERAL TEST SITE INFORMATION

1. General Test Site Information

2. Test Site/Study Documentation Information

3. Monitoring and Sponsoring Agencies

4. Location Information

PART 2. ESTABLISH MONITORED EVENTS

5. Monitoring Events

6. Site Monitoring Costs

PART 3. WATERSHED (TRIBUTARY AREA) INFORMATION

7. General Watershed Information

8. Roads and Parking Lots in Watershed

Streets, Roads and Alleys

Parking Lots in Watershed
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The International Stormwater BMP Database project (USA)

Highway Data

9. Land Use

PART 4. GENERAL BMP INFORMATION (required for all sites)

10. General BMP Information

11. BMP Cost Data

PART 5. MONITORING STATIONS

12a. Monitoring Station ID

12b. Monitoring Station Relation

13. Site Monitoring Instrumentation

PART 6. MONITORING RESULTS (PRECIPITATION, FLOW AND WATER QUALITY)

14. Precipitation Data

15. Flow

16. Water Quality Data for Sampling Event

17. TSS Settling Velocity Distribution

PART 7. INDIVIDUAL BMP DESIGN SPREADSHEETS

18. Detention Basin Design Data

19. Retention Pond Design Data

20. Grass Filter Strip and Swale Design Data

21. Media Filter Design Data

22. Porous Pavement Design Data

23. Infiltration Basin Design Data

24. Percolation Trench and Dry Well Design Data

25. Wetland Channel and Swale Design Data

26. Wetland Basin Design Data

27. Manufactured Device

28. Green Roof

29. Low Impact Development (LID)

30. Non-structural BMPs
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The International Stormwater BMP Database project (USA)

31. Other

Figure 76: Characteristic Fields in American Database

4.1.4 The Dutch Stormwater Database

( Boogaard F.C 2008)

In the Dutch Stormwater database measurements were taken from stormwater outfalls from

numerous SUDS devices throughout Holland, which were then assessed against the Dutch

water quality guidance.

"The Dutch Stormwater database consists of over 500 measurements in Holland and more

than 200from nearby countries in Europe" ( Boogaard F.C 2008)

This database is mostly concerned with documenting the water from runoff of from the

SUDS devices. Details on the field descriptor used could not be located.

4.1.5 The UK SUDs database

(CIRIA SUDS Database)

The UK SUDS database which has been set up on the CIRIA website, has 75 entries and does

not appear to have been updated since 2007. The database is a public database which gives

the following information regarding each SUDS site.

IlK SUDS Database

Site Location
Street: Grid reference:

Town: Local district:

Postcode: County/Unitary
Authority:

Receiving River
watercourse: catchment:

149



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

SITE DETAILS

Site Description

Status: Date of Start month: End month:
construction Start year: End year:

Development type:

Size of development:

Description of the site and its drainage system:

Objectives of the drainage system:

Who currently maintains the drainage system
and what is done:

How the system has been accepted by local
residents, and the reasons why it is or is not
considered a success:

Any other comments:

Description of any monitoring of the site:

Components
Component: Number: Quantity

CONTACT INFORMATION Organisation: Town: County:

Contact: Tel: Email:

Developer

Organisation: Town: County:

Contact: Tel: Email:

Designer

Organisation: Town: County:

Contact: Tel: Email:

Local Authority

LA Name: Contact:

Environmental regulator

Organisation:    Contact:

Figure 77: Characteristic Fields in UK Database
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4.2 SUDS database for Dublin

The information for the SUDS database was primary sourced from the planning files of

Dublin City Council Drainage Divisions Planning and Development Control Section and was

from planning permissions submitted between 2005 and 2009. Over this time an average of

7,000 planning permissions were submitted to Dublin City Council this search was reduced

by only looking at planning permissions with drainage reference in drainage divisions filing

system. This left between 500 and 1000 planning permission per year to review.

One of the first necessary steps in developing a SUDS database is to define the "scope of

interest". This involved setting inclusion or exclusion criteria for SUDS in the database, as

including every SUDS would be near impossible. In Scotland for example, surface water

drainage was omitted from the analysis wherever systems served fewer than 10 housing units

or 10 car parking spaces within commercial, retail, industrial or public developments.

The following were the criteria for inclusion in the Dublin City Council SUDS Database:

1. Developments which include SUDS devices in their storm water drainage, found in

the Drainage Divisions electronic Planning files between 2005 and 2009.

2. All new developments in the Dublin City Council area are required to fill out a sewer

connection form prior to connection to the drainage network. As part of this process

applicants must agree their drainage details with Dublin City Council Drainage

Division and Dublin City Council Drainage division ensures that all the planning

permission conditions have been complied with. Once this is completed a final

approved drawing is agreed. Only those developments which have their final drainage

details agreed were included.

3. Developments of a single house and over.
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.
SUDS devices constructed by Dublin City Council Drainage Division or constructed

in consultation with Dublin City Council drainage division

The SUDS database includes all types of SUDS devices including attenuation tanks. This is

due to the large amount of development built in Dublin that have used attenuation tanks as

their main form of storm water attenuation

4.2.1 Setting Characteristics or Field Descriptors

The next step involved the development of field descriptors that were relevant to the needs of

Dublin City Council Drainage Division. The field descriptors should enable Drainage

Division to view planning, maintenance, and pollution issues at any given SUDS site as well

as providing the necessary information about the SUDS device for future network modelling.

The fields descriptors captured should be in sufficient detail to eliminate the need for

additional searching through planning files or a site visit and if possible should be digitised

into GIS.

The following field descriptors have been included in the Database:

¯ Location: (i.e. the street address). The first step for ease of use of the database in the

future.

¯ The Geo Co-ordinates: (i.e. the x-y co-ordinates). This information is essential for

carrying out any transfer of the proposed excel database into a GIS package

¯ The SUS Reference: (.i.e. the drainage network id). This provides the necessary link

point into the existing SUS25 drainage record database. This will assist Drainage

Division staff in checking problems in the network. Also it will allow for future
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drainage network models to allow for the SUDS input into the drainage system at tSais

location.

¯ Dublin City Council and Developer Contacts for the SUDS Site. This field is

necessary for following up and updating the database for SUDS sites that are

currently in planning of construction stages. It will help future modifications of :he

SUDS device to be recorded in the database

¯ The Size of the Site: (i.e. the catchment area for the SUDS device.) This is necessary

in order to help qualify the benefits of a SUDS device. It will also allow anyone who

using the database to carry out the storage calculations for the catchment area.

¯ The Previous Land Use: (i.e. whether an old site is being redeveloped (Brownfield)

or is in a new development area (Greenfield)). This will have an effect on network

models. For a Greenfield site the SUDS device will only mimic the existing surface

water capacity while in a Brownfield site a SUDS device may improve surface water

drainage capacity

¯ The Status of the Development: Whether it’s constructed or not, and when it is

expected to be completed.

¯ The Type of SUDS Device: The types of SUDS devices used is important as different

devices have different benefits and problems

¯ The Reason for Installation: SUDS devices are generally installed because of

planning conditions, to improve water quality in an area or to increase stormwater

storage. It is important to future drainage planning in the local drainage catchment

that the reason for a SUDS device’s installation is known.

¯ Ownership: Field descriptors showing ownership and the organisation responsible for

maintaining the SUDS device are also essential to the needs of Dublin City Council
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Drainage Division. This will assist in the tracing and resolving of any problems

caused by the malfunction of a SUDS device.

¯ The Physical Features: an essential element to record in the database is the feature of

the SUDS system (inlets, retention feature, outlet...) and its geographic location and

dimension. This is vital for the Planning Control Section in guarding against the

removal of any SUDS in future planning permissions. The database should also

record the geographical shape of the feature and the capacity of the SUDS device.

¯ The Outflow Limit Flow: This is the limit set on the flow rate out of the site. Sites are

limited under GDSDS criteria 2 to an outflow of Greenfield flow (QBARRr=~) or 2

1/s/ha

¯ The Water Quality/Ecological Features: The Water Framework Directive requires all

inland and coastal water to reach "good status" by 2015 and it is important that the

water quality information field be included in the database. This is particularly

important for SUDS devices installed by Dublin City Council to improve water

quality.

Figure 77 details those field descriptors used in the DCC SUDS database
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I)CC SUDS Database F~! Descriptors

Sustainable Urban Drainage Systems and SUDS sites

Location

Land use

National Grid Reference

SUS Reference

DCC Contact

File/Consent Reference

Client/Developer and Consultant

Addresses and telephone numbers

Status (constructed or otherwise)

Previous land use (Greenfield or Brownfield)

Ownership

Maintained by

Size of the Catchment

Type of Device

Reason for Installation

Physical Features, (Shape, size, etc)

Hydrological Features (Capacity, hydro brake flow limit, Etc)

Ecological Features (Plant life)
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Water Quality

Other comments

Figure 78: Characteristics or field descriptors

4.2.2 Software

The drainage Manhole database is stored on a DOS based SUS25 system. This system does

not allow for the numerous character fields that a SUDS database requires. The software used

to display the SUDS database is called Mapdrain which does allow additional information to

be displayed alongside the drainage data. Through discussion with Dublin City Council

Drainage IT it was determined that the optimum method of displaying the data, once it has

been collected would be an excel database. The SUDS excel database is then Geo- reference

and converted into .tab format. This format is compatible with the Mapdrain system and the

database is displayed alongside the drainage data as shown in Figures 25 and 26

The Regional GIS Office, which is part funded by Dublin City Council, is currently working

on a new system for mapping drainage infrastructure in the Greater Dublin Region and this

method of data collection and geographical representation is compatible with this new

drainage records system.

4.2.3 DCC SUDS Database

The a sample from the database is shown in a tabular format in Figure 78. The whole

database containing 95 Sites throughout the Dublin Region is shown in tabular format in

Appendix A. Figure 79 shows the extent of the database across the DCC administrative area

with all 95 site represented as a blue star. Figure 80 shows a zoom in on one individual site,
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in this case SUDS site 61. Site 61 is the Shelling Hotel on the Howth Road. In the top right of

the screen the information available with a click of the "i" button on this site is shown. The

total catchment area is 7665m2. The SUDS on site 61 are an attenuation tank (198 m3),

permeable paving (188 m2) and a swale (90 m2).
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Chapter 5

Discussion

5.1 Analysis of Database

As shown in the chapter 4 the database consists of 95 SUDS sites drawn from final approved

drawings in the electronic planning records from 2005 to 2009. In the database there is a

large range in the sizes of catchment area for each SUDS sites. Figure 82 below shows the

number of SUDS sites divided up based on catchment size. The categories are as follows:

0 to 300 m3 - these are generally one offhouses

¯ 300 to 1000 m3 - these sites are small housing developments or city centre

redevelopments

¯ 1000-5000 m3 -these are generally large city centre developments

¯ 5000 m3 and upwards -these are generally large suburban developments

Catchment Size

Small (0- Medium (300- Large(lO00 -

300m2) 1000m2) 5000m2)

Catchement size

Very

Large(greater

than 5000m2)

Figure 82: Catchment size for SUDS devices
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Figure 83 shows the number of SUDS sites from the years 2005 - 2009, the lower number in

2005 are due to changes in the planning records systems and the introduction of the electronic

storing of final approved drawing system for drainage connections. Prior to mid 2005 the

final approved drawing was not stored digitally. Due to time constraints paper records have

not been reviewed.

Due to the downturn in the economy there was drop in number of planning permissions for

the years 2008 and 2009 and the lag in receiving connection drawings from developers.

r            ,      !
2006    2007    2008    2009 , N/a

Yearofplanning permission

Figure 83: Year of Submission of Planning Permission

Figure 84 shows the number of Brownfield site compared to the number of Greenfield sites.

As can be seen from the chart below the level of construction on Greenfield permeable land

in the last 5 years is higher compared to that of Brownfield site. This show the importance of

use of SUDS in Dublin, as if these Greenfield developments had been drained using a

traditional piped system, it would have placed a much greater pressure on the downstream

drainage network in terms of water quantity and quality, than it would with the use of SUDS
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¯ Brownfield site ¯ Greenfield Site

Figure 84: Greenfield/Brownfield Site

Figure 85 shows the different type of SUDS devices in use in the city, Figure 86 shows the

areas drained to the different SUDS devices and Figure 87 shows the average area

contributing to each device. As Figure 85 shows the most common SUDS system in use in

the city is the attenuation tank. The majority of attenuation tanks in use in Dublin are located

in medium sized sites that are primarily located within the city centre. The developers’ use of

attenuation tanks in these city centre locations is higher as the sites are smaller and

attenuation tanks have a smaller land take than other SUDS devices.

This is reflected in Figure 86 in the area drained by attenuations tanks, which at

approximatly186,000 mE is shown as the third lowest and an average contribution area of

3,060 mE which is the second lowest. Dublin City Council Drainage Planning and Control

Section are currently trying to move away from the use of attenuation tanks by encouraging

the use of permeable paving, green roofs and rainwater harvesting for city centre sites.

Permeable paving is the second most commonly used SUDS device in the database and is

generally used in private car parking areas in Dublin as Dublin City Council Road and Paving

Department do not take in charge permeable paving because of perceived maintenance issues.

Permeable paving is commonly used in very large, large and medium sized developments as
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shown by the large area, 604, 677 m2, drained by permeable paving in Figure 86. The average

contribution area to a permeable paving is 20,850 m2.

The third largest SUDS device used in the database are soakaways. The number of smaller

sites in the database appears to correlate to the number of soakaways.. This is not tmexpected

as soakaways are generally considered most useful for smaller sites which can be seen by the

relative small area, 16,023 m2, drained to soakaway in Figure 86 with the average

contribution area being just 696 m2

The least common SUDS devices, retention ponds and wetlands have some of the largest

contribution areas, with the average wetland contribution area of 50 ha and the average

retention pond contribution area of 25.5 ha. This is reflective of their use on very large

catchment wide schemes

j/

60 /

50

40

30

20

10

0

TYpe Of Suds Device

Type of devices

Figure 85: Type of SUDS devices in use in Dublin
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Area Drained to Different SUDS
Devices

800000

700000

600000

500000

400000

300000

200000

100000

0

e,*

¯ Area m2

Figure 86: Area drained by SUDS devices in use in Dublin

Average area contributing to Suds

Device
600000

500000

400000

300000

¯Average area contributing
Area m2

Figure 87: Area drained by SUDS devices in use in Dublin
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As previously mentioned SUDS generally work best in SUDS management trains, where a

number of SUDS devices are linked to work together.

"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 VOL3 2005)

Figure 88 shows that unfortunately most SUDS sites in the database are working alone. Only

a small number of sites are using more than one SUDS device onsite. This indicates the piece

meal way in which SUDS has been used in Dublin up until now.

70

One device Two Devices Three Four Devices Five Devices
Devices I

Number of SUDS Devices onsite

Figure 88: Number of SUDS devices on any given site

Figure 89 shows the difference between the number of privately maintained SUDS sites and

the number of publicly maintained SUDS site. As can be seen from the graph the majority of
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the sites are in private ownership. Because of this Dublin City Council Drainage Divisions

does not know if these SUDS devices are properly maintained

¯ Site ownership private

¯ Site ownership Public

Figure 89: Site ownership

Figure 90 show the design criteria use for the SUDS devices in the database. As can be seen

in the pie chart the majority have been design to comply with GDRCOP, which have been

detailed in Chapter 3. This is because the SUDS device has been installed as part of a new

development and the GDRCOP Design criteria were as included as a condition of the

planning permission. The 2 SUDS devices in the Other category are both retro fit systems

designed by DCC to resolve existing drainage issues. The designs of these two devices are

detailed in case study 1 and 2.
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¯ To Comply with G.D.R.C.O.P.

¯ Other

Figure 90: Design Criteria

5.2 Benefits of database

Why is a SUDS Database needed? Since the introduction of stormwater management to

Ireland there have been a large numbers of SUDS devices installed and the exact location and

performance level of these SUDS devices is generally unknown. At present, no digital

database exists with the details of SUDS devices and features in the Dublin City Council

Administrative area

"SUDS implementation in the Dublin region is in its infancy, and the Policy therefore

recommends that databases be kept of SUDS installations, and their performance, in order

that knowledge can be built up and shared between the stakeholder" (GDSDS SUDS Vol 2 2005)

Some of the main benefits of developing a SUDS database are

Assist in the forward planning and prevention of any accidental removal of SUDS

devices by developer or contractors in the future.
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2. Essential in the future modelling of the Dublin City Council’s drainage network to

include SUDS devices. "All SUDS systems need recording, both those in private

ownership as well as those in the public domain. This is because any change in any

part of the system will have an influence on the performance of the drainage system

downstream" (R. Kelleher 2008)

3. Ownership of a SUDS device: responsibility for the maintenance of a SUDS device is

critical, as poorly maintained devices may not benefit the drainage network

hydraulically or improve water quality. They may in fact even be causing some local

drainage issues.

4. The Water Framework Directive (2000/60/EC) requires all inland and coastal water to

reach "good status" by 2015. Dublin City Council is now required to provide details

of all outfalls to rivers to the EPA. A number of these outfalls may be affected and

changed by the use of SUDS devices. This is particularly relevant when Dublin City

Council install a SUDS device for the purpose of improving water quality.

5. The recording of SUDS information in a centralised database will aid in future

research into the benefits of using SUDS in Dublin and the design of SUDS devices.

Indeed in investigating the design criteria in Chapter 3 of this thesis use it was

discovered that the approached in sizing SUDS devices a approach is generally

conservative due the lack of research into the long term impact of various SUDS

devise

A series of meetings have been conducted in order to define the benefits Dublin City Council

Drainage Division in the development of a SUDS database. The following parties were

involved in these meetings: Strategic Planning and Project Management Divisions Record

Section. the Pollution, Maintenance and Planning Control Sections of Drainage Division,
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Don MacEntee (Dublin City Council Senior Engineer responsible for IrishSUDS.com

website), Patrick Daily (Resident Engineer responsible for Regional GIS for drainage and

Water) and Richard Kelleher Hrwallingford (consultant on Dublin City Council Irish SuDS

website). Through these meetings the following issues were identified

¯ Drainage Division has no database of SUDS currently in use in Dublin City Council’s

jurisdiction.

¯ Interrogating planning applications would be highly impractical due to the large

volume in our possession, and the volume that continues to be received on a daily

basis.

¯ In general practise, Dublin City Council Drainage Planning and Control Section does

not receive As-Constructed Drawings from Contractors. For the review of SUDS

systems currently installed these would have been beneficial.

¯ No individual with Dublin City Council Drainage Division reviews what SUDS have

been installed in new developments

¯ Dublin City Council currently has no record if SUDS devices already installed by

developers are being maintained properly

¯ The Water Framework Directive (2000/60/EC) requires all inland and coastal water to

reach "good status" by 2015. Dublin City Council is required to provide details of all

outfalls to rivers to the EPA. A number of these outfalls may be affected and changed

by the use of SUDS devices. This is particularly relevant when Dublin City Council

has installed a SUDS device for the purpose of improving water quality.

¯ SUDS measures may be included in Dublin City Council’s future surface water

separation schemes and will need to be recorded.

¯ Development of a greater understanding of the use of SUDS in Dublin now and in the

future. The database shows that most SUDS sites in Dublin are installed by
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developers because of planning permission requirements and the SUDS concept in

generally is seen as a planning obstacle to be overcome rather a tool to optimise the

local drainage system. This database promotes a greater understanding both in DCC

and outside of the council of why SUDS is essential to future drainage needs.

5.3 Recommendations for the Maintenance and updating of the SUDS

Database

5.3.1 Collection of SUDS Data from new developments

Should the SUDS Database fulfil all of Dublin City Council Drainage Division’s

requirements it is proposed to update the database to record all SUDS in any new

developments fulfilling the criteria in the "scope of interest" as laid out in the chapter 4.

For this to be carried out, changes in Dublin City Council’s planning procedure will need to

be implemented. It is proposed that before expanding the database that a procedure is put in

place (involving Dublin City Council Drainage Planning and Control Section and Dublin City

Council Strategic Planning and Project Management Divisions) to facilitate the recording of

SUDS systems in future development.

These procedures would likely include

¯ Amending planning application conditions to include a new standard condition for the

construction, inspection and recording of details of SUDS devices.

¯ Amending the planning application procedure to give developers an incentive to

provide "as constructed" drawings to Drainage Division. These could then be

examined for SUDS. The most obvious incentive would be withholding a bond until

such drawings are received.
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¯ Requirements for Drainage Inspectors to check the required SUDS systems detailed

in new planning applications have been implemented. This could be implemented

when reviewing new drainage infrastructure during the construction of a

development.

¯ Development of a system to Quality Cheek the SUDS data from any development

prior to it being entered into the database. This would be similar to the quality check

performed prior to other drainage infrastructure being entered into the drainage

database.

As part of this proposal a SUDS card (Figure 91) similar to Manhole cards (Figure 92)

has been developed. The SUDS card is designed to aid the recording of SUDS details

ensuring that entry into the SUDS database is more streamlined. These SUDS cards

would be filled out by the developer in conjunction with Dublin City Council Planning

and Control Section and can then be used as part of the quality control check process.
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Figure 91: DCC Drainage Records Manhole Card
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Suds Card

Location Name

Address

Database

reference

X Co-ordinate

Y Co-ordinate

Outfall Manhole
Reference

Site Details Land use

Greenfield

/Brownfield
Ownership:
Public/private

Reason For Suds
Catchment Size

Contacts DCC Contact Name
Phone Number

Email

Site Contact Name

Phone Number
Email

Suds Details Type of Suds Device Capacity

Device 1

Device2

Device3

Device4

Device 5

Site Outflow
Limit
Ecological

Features

Water Quality

Restrictions

Comments

Figure 92: Proposed SUDS Record Card
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5.3.2 SUDS Database - maintenance

As with any database without continuous maintenance and updating the SUDS Database

would prove to be ineffective. Currently this SUDS database only includes the SUDS data

from the "final approved drawings" from the electronic planning files between 2005 and

2009. As the SUDS database does not included paper planning files it is certain that are

SUDS devices in existence in Dublin City Council’s area that have not been included in the

current database. It is envisaged that the collection of the addition SUDS data for this

database will be carded out hand in hand with the updates of information for the rest of the

drainage network. With that in mind, it recommended that the maintenance and updating of

the database be incorporated into the maintenance of overall Drainage Manhole Database

which is maintained by Dublin City Council Strategic Planning and Project Management

Division, Drainage Records Section.

As can be seen in Figure 89 most of the SUDS devices in the database are privately

maintained. Therefore it is important to the overall working of the drainage system that these

devices are regularly checked. It is recommended that an inspection process of the recorded

SUDS devices may also have to be initiated by Dublin City Council Drainage Division to

ensure that the devices are still working as intended. Maintenance of the SUDS database

would assist the Drainage Division in this inspection process.

5.4 Future of SUDS in Dublin

With the downturn in the economy the pressure for ongoing development in the Ireland has

eased. This downturn is an opportunity for County and City Councils to catch up in relation

to environmental planning. This will allow the Planning division to focus on large scale
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development plans rather than one off helter-skelter development which has been a feature of

the last ten years. The future in urban planning is most likely to have catchment plans like

BRL or Pelletstown. This in turn will allow SUDS planning to follow a catchment wide

SUDS Management Train rather than one off SUDS devices on individual sites fitting into

these catchment wide plans.

The Dublin Institute of Technology development at the Grangegorman site is a good example

of this new approach to planning. The developers are required to submit a catchment wide

Storm Water Management Plan, while Dublin City Council Drainage Division has also

carded out some small scale drainage modelling to check the capacity of the network and any

likely upgrades needed.

In addition Dublin City Council is currently carrying out a number of large scale surveys of

the drainage network, focusing on the effect of CSO in Dublin in response to the EPA

discharge licence which was issued to Dublin City Council earlier this year. These surveys

will result in a drainage network and water quality model which will be used for the

development of solutions to existing environmental and capacity issues identified in the

GDSDS throughout the city. SUDS systems are likely to have some part to play in the

solutions to the hydraulic capacity and environmental issues found. SUDS systems are

already being seen by Dublin City Council Drainage Division as a cost effective way to solve

some of the drainage issues impacting on some of the Dublin City Council areas. The case

studies on Glendhu Park and Tolka Valley wetland have shown that SUDS systems can be

integrated into the landscape, improving the amenity value of the area while ensuring that the

systems has the capacity to prevent flooding within the area. Another trial wetland has been

proposed to resolve an existing CSO issue in Chapelizod and a second swale development is

being proposed in Cabra to resolve a local capacity issue
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5.5 SUDS and Groundwater

Whiles SUDS have shown themselves as cost-effective method for improving drainage in an

area the impact of infiltration type SUDS requires further investigation. As can be seen in

Figure 93, North Dublin lies on a regionally important aquifer, with most of the rest of

Dublin on a locally important aquifer. Infiltration type SUDS devices are designed to allow

some of the polluted runoff to soakaway into the ground, most other SUDS devices such as

swales detentions ponds and wetlands while not directly using infiltration also do allow some

infiltration into the ground. Over time the portion of polluted runoff which infiltrates into the

ground increases, which may have a detrimental effect on the water quality of the

groundwater in the aquifers in the Dublin region. While the suitability of all SUDS devices

are accessed with by DCCDPS with a view to their impact on ground water it is difficult to

carry out this assessment fully due to the lack of research in this area in an Irish context,

indeed the runoff calculations in the GDSDS are based on rural catchments in the UK.

Therefore is a recommendation that further research is conducted which investigates

infiltration type SUDS.
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Dub~

+

Poorly productive bedrock ~1~

Figure 93: DCC Drainage Records Manhole Card (Geological Survey of Ireland 2010)
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Chapter 6

Conclusion

It was the objective of this thesis to collate and record the occurrences of Sustainable Urban

Drainage Systems (SUDS) in the Dublin area and to understand their design and functioning.

The environment has become a major issue in recent years and in particular the effect that

increases in urbanisation has had on it. This thesis assessed the influence of environmental

legislation such the Water Framework Directive and the Urban Wastewater Treatment

Directive and programmes such as the Eastern River Basin Study and the Environmental

Protection Agency Discharge Licences and how these regulatory instruments have become a

major driver in the use of SUDS in Dublin.

A key concept of SUDS is the maintenance of natural hydrological conditions as against

concentrating drainage discharges at specific points/outthlls. A review of how urban

drainage grew from basic stormwater management into the more complex systems underlying

SUDS has been presented. The motivation behind the increasing use of SUDS is partly

regulatory and partly the need to reduce environmental impact. The differences between

traditional drainage systems and SUDS systems has been assessed in the context of the

benefits of SUDS in general and of typical SUDS devices.

The development of Dublin’s drainage system over time ranged from the culverting of rivers

through the transport waste, to the building of the Ringsend tertiary treatment works was

reviewed, with respect to how Dublin’s drainage system currently works. It is clear that what

is perceived as a SUDS system is much wider now than was probably intended by the

original proponents.
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The impact of the Greater Dublin Stormwater Drainage System (GDSDS) project and its

associated reports has strongly influenced stormwater management in Dublin particularly

under the philosophy of SUDS. New developments must design and utilize SUDS sites and

must meet specific criteria designed to limit pollution and flooding both off and onsite as well

as provide a means of protecting river morphology. An explanation of the basis for each

criterion and how each criterion is applied has been presented.

Four case studies were assessed to show how different SUDS devices have been employed

for different reasons and to indicate how each system fulfils their design criteria. These case

studies were selected to give as wide a range of different types of SUDS sites and also to

reflect the different reasons for their installation. They also highlight the issues and

difficulties in applying the relevant design criteria in a practical setting such as the area

restrictions of a SUDS retro fit to an existing urban catchment, the problem of using

downstream solutions to resolve water quality issues, the design of SUDS tbr new

developments in the city centre and the creation of catchment wide stormwater systems.

The review of other international SUDS databases was undertaken and using the intbrmation

gathered from these and the tbur case studies, a scope of interest and the appropriate field

descriptors for a Dublin SUDS database was developed.

A database of known SUDS sites has been compiled as a way of presenting the current ’state

of the play’ in SUDS in Dublin. A desk study of all the planning permissions submitted to

Dublin City Council (DCC) Drainage division between the years 2005 to 2009 was carried

out. This study identified 95 different SUDS sites throughout the city which fitted the scope

of interest. A SUDS database for the DCC area was then constructed using the 95 sites

identified and the relevant field descriptors and this was mapped onto the DCC GIS system.
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Patterns within the SUDS database were examined, such as the large number of sites which

use one-off SUDS devices, the types of site ownership and the large amount of attenuation

tanks/ponds built as part of SUDS for development sites. The database also shows that to date

most SUDS sites in Dublin are installed by developers under planning permission

requirements and the SUDS concept generally is seen as a planning obstacle to be overcome

rather a tool to optimise the local drainage system and improve the environment.

The benefits of having a SUDS database both operationally for DCC and in promoting the

better understanding and design of SUDS in the future was set out. A recommendation fbr a

system to record future SUDS devices in use in the Dublin City Council administration area

and the maintenance of the database is made. Finally an evaluation of the impacts arising

from the future use of SUDS in Dublin was made with detailed recommendations for future

research.

As drainage and environmental legislation continue to set ever more strict criteria fbr the

health of the water environment in the fhture there is no doubt that the use of SUDS in Dublin

will become more common place in the drainage network. As an asset in the management of

the drainage network, pollution and development, SUDS devices in Dublin can be better

deployed in the future, than they have been to date.

As mentioned throughout this thesis SUDS are not a comprehensive solution to pollution

control but if they are carefully designed and managed SUDS will yield acceptable hydraulic

and environmental improvements. SUDS devices work best in tandem with other SUDS

devices and depending on local conditions the correct SUDS device can vary from site to site.

This thesis shows that the development of a database fbr Dublin City Council is an important

part of the increasing implementation of SUDS.

181



huterstanding 7he Use �?/S~ /I)S m Dublin: lhtilding SI/DS Datahase AL’II Fngmeermg

The inlbrmation gathered in the SUDS database will help Dublin City Council in more

accurately identifying current drainage problems. It can support the management of the

drainage network and can be used to help better targeting of SUDS devices to a drainage

problem, be it a development site and/or an environmental issue like combined sewer

overflows or a hydraulic capacity issue in the drainage network.

It is anticipated that the SUDS database will help promote a greater understanding both in

DCC and outside the council of why SUDS is essential to meeting future drainage needs.
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APPENDIX B:

Met Eireann Rainfall Frequency Tables
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