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1.0 Abstract

SUDS (Sustainable Urban Drainage Systems), are designed to minimize the effects of new and existing developments, with respect to surface water drainage discharging into the public sewer system and the flooding of surrounding land. 

In the UK, the public sewer system is operating at near to full capacity and is unable to accommodate additional surface water discharge, whilst continuing development of the countries green space and the changing climate patterns has left the remaining permeable ground struggling to cope with run off levels.

The proposed research will examine the wide range of SUDS available to designers and developers and their suitability for providing solutions to the various problems posed. The research will also examine how the increased use of SUDS can realistically be implemented in Wales. Wales, like many other areas of the western UK, experiences high levels of annual rainfall. The region’s geological nature also means that many areas have very little soil cover above the bedrock and water table levels are high throughout much of the year, thus limiting the effectiveness of SUDS.






2.0      Introduction 

The change in global climate has previously caused rare environmental issues. In recent years, more extreme weather events have led to devastating wide spread flash floods and climate forecasters are predicting more of the same for the foreseeable future.

Progressive urban development and changing climate patterns have resulted in a major increase in surface run-off to water courses. This has played a role in contributing to the increase in frequency of flooding in the UK.

Achieving a sustainable way of managing water resources is one way of dealing with hazard and risk. The ability to provide sustainable drainage is the key to long term stability of water resources. 

Built-up areas need to be drained to remove surface water. The conventional approach to draining surface water has been through the underground pipe systems that convey water from built-up areas. These traditional urban drainage systems focus on quantity as they aim to remove excess water away from urban areas as quickly as possible to avoid possible flooding incidents.

Traditional drainage systems have not been designed with sustainability in mind. The majority do not pay sufficient regard for flood control, water quality, water resources or biodiversity requirements.

2.1      SUDS

The idea behind SUDS is to try replicate natural systems that use cost effective solutions with low environment impact to drain away dirty water and surface water run-off through collection, storage and cleaning before allowing it to be released slowly back into the environment. Such as into water courses. This is to counter the effects of conventional drainage systems that often allow for flooding, pollution of the environment, with the resultant harm to wildlife and contamination of groundwater, to provide drinking water.
It is now widely accepted that the drainage of developed areas by conventional piped systems is not sustainable. These systems are often designed to remove surface water run-off from developed areas as quickly as possible with little regard for the drainage regime downstream or the quality of the water. In dry periods when flows are low, these systems can often silt up, causing a problem when the next storm arrives. This contributes to flooding and pollution of watercourses. Also, by diverting rainfall to piped systems, the amount of water infiltrating the ground is reduced, depleting ground water and reducing flows in watercourses in dry weather. 
The SUDS approach to drainage includes a wide range of methods. As a consequence of this, there is no one correct drainage solution for a site. In the majority of occasions a combination of techniques results in best practice.
SUDS techniques can be divided into four categories; Control of rainwater at the source, Infiltration trenches and filter drains, Swales, Basins, Ponds and Wetlands.




The following SUDS techniques are currently available to developers and designers:
· Green Roofs
· Rainwater Harvesting
· Permeable Surfaces
· Filter Trenches/Drains
· Swales (Shallow Drainage Channels)
· Detention Basins
· Purpose Built Ponds and Wetlands

2.2      Sustainability in Wales

In Wales the impact of flooding is well documented in the press, with approximately 12% of the existing housing stock at risk from flooding. Recent flood events have only served to highlight the problem, and predictions for further future climate change and the need to meet the demand for housing means that the issues must be addressed. 
SUDS offer the opportunity to manage surface water, reducing the impact of flooding and pollution.
The SUDS Working Party for Wales has been set up to provide a focus for SUDS implementation in Wales and is chaired by the Environment Agency Wales. The Working Party is made up of all the relevant stakeholders who are working together to actively promote the use of SUDS on development in Wales.

2.3       Developments in Wales

The Welsh Government, formerly the Welsh Assembly Government, have expressed their intention to move forward sustainable development by:
· Improving the economy, social & environmental wellbeing of people and communities achieving a better quality of life for us and future generations.
· Promoting fair and safe communities and equal opportunities.
· Supporting our natural and cultural environment and respecting their limits – This is done by only using our fair share of resources and sustaining our cultural legacy.
There are a number of key indicators that our government will be monitoring. These indicators should be considered together, not individually, to give and overview to our progress towards becoming a sustainable nation. The indicators are:
· Sustainable resource – as measured using Wales’ Ecological Footprint.
· Sustaining the environment – percentage of Biodiversity Action Plan species and habitats recorded as stable or increasing.
· A sustainable economy – Gross Value Added (GVA) and GVA per head.
· A sustainable society – percentage of the population in low-income households.
· Wellbeing.




2.4       Harmful Effects of Traditional Drainage

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 soak away.
This 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 contaminates such as oil, organic matter and toxic metals. Although, often at low levels, cumulatively they can result in poor water quality in rivers and ground water, effecting biodiversity, amenity value and potential water abstraction. After heavy rain, the first flush is often highly polluting.
· 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.

3.0       Literature Review

The development and use of SUDS in engineering and construction is a fast developing discipline and as such new research data and articles are appearing in the public domain on a weekly basis. There are a number of lead bodies in the development and research of SUDS in the UK and a summary of the current position follows.

3.1       The Building Regulation 2010 (Part H)

Part H of the building regulations, specifically part H3 deals with rainwater drainage and requires the rainwater from building and their surroundings should be collected and disposed of, in order of hierarchy.
· A soak away or other infiltration system.
· A water course.
· A sewer.
The guidance contained in approved document H, which was published in 2003, covers topic areas such as permeable paving, the design of soak ways and other infiltration systems, as well as swales or infiltration basins.
The development and increased use of SUDS is a relative philosophy and as it was published in 2003 the guidance in this document is unsurprisingly limited and directs the reader to other sources such as BRE Digest 365 for soak away design and BS EN 752-4.

3.2 British Geological Survey (BGS)

The British Geological Survey is a part of the Natural Environment Research Council and is its principle supplier of national capability in geosciences.
It is the UK’s premier provider of objective and authoritative geo-scientific data, information and knowledge for wealth creation, sustainable use of natural resources, reducing risk and living with the impacts of environmental change.
The BGS has conducted significant research into SUDS and their usage. Data currently available from BGS includes the following. SUDS and their benefits and potential impacts:
· The ability of the ground to accept water and the impacts on ground stability and water quality problems when water soaks into the ground.
· BGS can provide subsurface data and information that may help make decisions about the suitability of the subsurface for the installation of SUDS.
· BGS is actively developing new data and information systems that aim to provide information on the suitability of the subsurface for ground infiltration and its potential impacts.

3.3       Environment Agency (EA)

The Environment Agency is the UK government agency concerned mainly with rivers, flooding and pollution. They provide public information and educational material and have conducted detailed research into SUDS in the UK. 
The EA currently published data on the following fields:
· The harmful effects of traditional drainage.
· The wide variety of techniques while designing SUDS.
· Policies currently developed by the EA on SUDS.
· Publications on the design of SUDS, introductory booklets and a guide for developers.
The EA accepts that although many of the elements of the SUDS approach to drainage have been in use for a long time, there is a need to better understand how they work individually, in combination, what their maintenance requirements are and associated cost information.


The EA is a partner in a number of SUDS related research projects, which includes:

1. Yorkshire Ponds – SUDS maintenance – A study of accumulated sediments in drainage ponds, Bradford University.
2. Bourne Stream Project – A study of a small urban catchments and opportunities for SUDS.
3. Social aspects of SUDS – A study of attitudes to urban water and SUDS, in particular, University of Abertay, Dundee.
4. The use of SUDS in high-density developments – Collaborative project managed by HR Wallingford.
5. Model agreements for sustainable water management systems – Collaborative project managed by CIRIA.
6. SUDS Techniques – Further guidance on hydraulic and structural design standards – Collaborative project managed by CIRIA.
7. Waterlooville SUDS project – The first initiative of its kind in the country, a study of the benefits of SUDS in a major development by examining flows, water quality and ecology before, during and after construction. The project is a collaborative effort between the Environment Agency, the developers Grainger, their drainage consultants Mayer Brown and Portsmouth University.

3.4       CIRIA

CIRIA is an initiative that promotes good practice in the use and development of SUDS.
· CIRIA can provide the following resources relevant to SUDS.
· Sustainable Drainage Systems – Design Manual for England and Wales C522.
· Sustainable Drainage Systems – Best practice C523.
· Source control using constructed previous surfaces C582.
· Infiltration drainage – Manual of good practice C156.
· Rainwater and grey water use in buildings – Best practice guide C539.
· Review of the design and management of constructed wetlands C180.
· SUDS – Hydraulic, structural and water quality advice C609.
The information published by CIRIA is both wide ranging and detailed and covers areas such as:
· SUDS management train.
· SUDS techniques.
· Legal Issues.
· Selection of SUDS.
· Case studies.

3.5       British Research Establishment (BRE)

The BRE has limited publications in relation to SUDS. Their document, BRE Digest 365 deals solely with the design of soak away and the tests require to ensure that a soak away will work. The document does not explore other methods of introducing SUDS.





3.6       Flood and Water Management Act 2010

The Flood and Water Management Act 2010 identifies new responsibilities for flood and coastal erosion risk management authorities together with a duty on all relevant authorities involved to cooperate. Section 7 of the act states that the Environment Agency may issue guidance about how the national strategy should be applied and Section 7 (6) in particular about how English flood and coastal erosion risk management authorities are to comply with duties relating to cooperation and requests for information under Sections 13 (1) and 14.
The EA have proposed a two-tier approach to helping risk management authorities understand the requirements for cooperating, working in partnership and requesting information as outlined in the Act. The first tier will fulfil the requirements of the Act under Section 7 (6) for statutory guidance for England, to be laid before parliament in conjunction with the English national strategy in April 2011. The second tier will be non-statutory advice and will provide information and examples of partnership working, cooperating and information sharing. The more informal advice will aim to address more detailed, technical questions around information sharing, standards and how barriers to this might be avoided.

3.7       Summary

Whilst each of the above organisations have researched and developed SUDS in separate fields, the existing literature is piecemeal and fragmented. Very little has been written about implementing SUDS in areas such as Wales that suffer from high levels of annual rainfall and only a thin covering of soil above bedrock.

4.0       Research Methodology 

As explained previously, SUDS is a fast developing topic of research. Many organisations currently publish the results of their research. Much, if not all of this information is available on this internet. The methodology of my proposed research will be as follows:
· It is intended to thoroughly research the existing currently available publications on SUDS. It is intended to spread the net fair and wide to complete this task and anticipated sources would be amongst regulations, British standards good practice guides, trade literature, trade magazines & journals, previously written dissertations and articles. 
· The data gathered above will be evaluated for relevance and for providing new leads for further research.
· The BRE is involved with many case studies. It is intended to approach BRE Wales (Based in Port Talbot) to seek approval to visit and be involved with a Welsh SUDS case study. This will be a living project and give me the opportunity to access live information that is not yet published. The case study should be in Western Wales where rainfall is higher and in an area with a typically high water table or an area with little soil cover on bedrock.

5.0       Results

It is anticipated that results of the research will demonstrate that Wales is in a rather unique and delicate position where the current sewers are working near to full capacity. To deal with this issue and prevent sewer overloading, Welsh Water via the planning system refuse to allow new development that required surface water to enter the combined sewer system, insisting that all surface water run-off be dealt with by SUDS.
There is a possible conflict here between separate pieces of legislation. Approval under The Town and Country Planning Act where development without SUDS can be refused, but under the Building Act and Building Regulations connection to a sewer is permissible if unavoidable. The Floodwater Management Act goes someway to address this issue.
It is recognized by the BRE that this is not always possible in Wales, due to the position highlighted above and traditional SUDS will not work in many areas. To find solutions to this we will require an innovative approach by designers and engineers.

6.0       Timescale, Resources and Budget

The timescale for the research is set by my course requirements. The research will be completed and produced in the correct format. My research will be conducted in my own time outside of lecture and seminar hours and will be done in the university library and the internet at home. All expenses incurred for travel or subscriptions will be met by myself. I will be providing all of my own materials so there will be no budget issues passed onto the university.






7.0       Evaluation

The research conducted will be thorough and thought provoking. I feel that there is genuinely an issue that needs to be addressed and that my research will identify a weakness in the strategy of using SUDS in Wales, certainly in their current format.
New ideas will need to be developed to overcome the unique issues that affect Wales and the rest of the western UK. It is hoped that the research will identify new ways of tackling the problems being faced.
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