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[bookmark: _Toc535774806]Introduction
An overview of the effects of climate change and the development of our towns and cities have on the drainage and sewerage systems. During periods of heavy rainfall, large volumes of surface water are entering the sewers, causing severe flooding and releasing an overflow of raw sewage into our rivers causing potential health hazards. Looking at London in particular, we look at the history of the sewer system, how it has evolved and the current ‘super sewer’ that is being constructed to cope with the increase in population and stress placed on the sewerage system. 

[bookmark: _Toc535774807]Sir Joseph Bazalgette
‘Bazalgette, Sir Joseph William (1819–1891), civil engineer, was born on 28 March 1819 at Enfield, Middlesex, the second of the thirteen children, and only surviving son, of Joseph William Bazalgette (1783–1849), a retired naval officer.’ (Oxford DNB, 2016)
Joseph Bazalgette’s route into civil engineering began via a career as a railway engineer where he was exposed to and gained vast experience in land reclamation and land drainage. Becoming a private practitioner in 1842, he was later appointed to become the first, and only chief engineer to London’s metropolitan board of works, an organisation established in 1856 to oversee public works to the City of London. 
[bookmark: _Toc535774808]‘The Great Stink’
As the population grew, so did the amount of excrement, waste, rotten food, and carcases from slaughterhouses, industrial waste and street runoff. All of this would be disposed of into the Thames with Londoners believing it would be washed out to sea. Many Londoners also relied on the river for a source of drinking water, a combination that caused no end of health problems. 
A team of labourers called 'Night Men', were employed to remove excrement from Victoria cesspits and as plumbing systems developed, flushing toilets would further test the capacity of these pits, flooding and contaminating areas around them.  All contributing to the toxic run off into the Thames.
Not only was the work necessarily strenuous, but it was also dangerous, since the noxious fumes generated by decomposing refuse could cause instantaneous death by asphyxiation. (From Cleansing the City, 2008)
During the summer of 1858, the city experienced a heat wave. This lowered the Thames water level exposing the years of decomposing waste that had been dumped there. 
It followed a series of outbreaks of cholera that killed 40,000 people in the first half of the 19th Century - the Victorians believed the disease was contracted through airborne "miasma" due to sewage in the open air. (BBC News, 2013)
London was brought to its knees by an overwhelming stench. Government was barely functional, even dousing the curtains of Parliament in a mixture of chloride and lime to alleviate the smell, and residents house bound. Public pressure amounted to a bill being passed in some record 18 days to build a combined sewer system for the city, the led by an engineer by the name of Joseph Bazalgette. 

[bookmark: _Toc535774809]Sir Joseph Bazalgette – Pictures
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Sir Joseph William Bazalgette by Ernest Edwards, 1863-1867. (National Portrait Gallery, 2017)
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Illustration of the construction of LONDON'S sewerage system. This was one of the great engineering projects of the Victorian age. The 21,000-kilometre network, designed by Joseph Bazalgette, helped to banish cholera and make the capital habitable and fragrant. (The Economist, 2011)
[bookmark: _Toc535774810]London Sewer – The problems caused by the limited capacity of the old system and the reasons for them. 

The London Sewer system designed by Sir Joseph Bazalgette would collect foul & waste water from the residential and commercial buildings in the city as well as the rainwater run-off from the buildings and road network. This was known as a ‘combined’ system and any overflow during periods of heavy rainfall was designed to drain into the River Thames rather than flood the streets of London. 
‘In Bazalgette’s day, this happened once or twice a year. Now, this happens every week, on average.’ (Tideway, 2018)

The system designed by Sir Joseph Bazalgette was a classic piece of over-engineered Victorian designed infrastructure. At this time London had a capacity of circa 3million people. Predicting an increase in population the sewerage system was designed to accommodate a 50% increase in population to 4.5million. With the population of London reaching over 6 million within 30 years, it is testament to the design & construction that this great piece of engineering still serves the city today. 

As good as it is the sewer system of London is not without problems, mainly caused by modern day living trends, population and the need to accommodate migration of the population by way of housing, work places, infrastructure and transport. 
Modern sewer systems generally have multi channels to separate sewerage from the rainwater run-off from the streets and buildings. The rise in population, severe rain associated with climate change, new buildings, concrete and tarmac surfaces in place of green space has contributed greatly to the capacity these systems must accommodate from run-off.

Diluted sewage ends up being pumped into the Thames about 50 times a year — more than 40 million cubic metres of it. (Evening Standard, 2014)


Bazalgette provided for extreme weather with overflows into the river, to prevent the flooding of homes and streets. And those overflows are now being used more than ever – around 50 times a year – dumping raw sewage under the noses of present-day MPs in Westminster. (The Guardian, 2016)
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Illustration – The population growth of London to date and expected growth timeline, including highlighting the construction of Sir Joseph Bazalgette’s ‘combined’ sewer system. (Tideway, 2018)



















[bookmark: _Toc535774812]London Sewer – The ‘Super Sewer’ project 
The Thames Tideway Tunnel as it is known, is an engineering and infrastructure project of huge significance to the city of London, an upgrade or solution to the system designed and constructed by Sir Joseph Bazalgette. At a cost estimated to be circa £5 bn, a cost that has spiralled from a projected £1.7bn in 2004. Designed and engineered to alleviate the issue of raw sewage overflows into the Thames. 
The tunnel is planned to run from Acton in the West through to Abbey Mills pumping station near Stratford in the East, spanning the tidal section of the river Thames. At 25km long and with 24 construction sites strategically positioned along its path mainly located at the river edge as it flows through the city. Collecting any overflow from the 34 CSO’s (Combined Sewer Overflow Outlets) that would previously have run off into the Thames, it will intercept overflow and store it in the tunnel, running some 65m below ground level. Pumped East to a treatment plant it will be returned to the river once treated.
When will it commence?
With planning approved in 2014 and finance secured in 2015, the construction of London’s Super Sewer is already underway.  Ground was broken in 2016, and tunnelling - which is estimated to take 4 years in total - began in 2017.  The whole project should be completed by 2023. (Londonist.com, 2017)
[bookmark: _Toc535774813]Thames Tideway Tunnel Route – Illustration
[image: Thames Tideway Tunnel]
Thames Tideway Tunnel route. (Thames Water, 2017)

[bookmark: _Toc535774814]The Thames Tideway Tunnel – How Will It Work?
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(Londonist.com, 2017)
[bookmark: _Toc535774815]Thames Tideway Tunnel - Timeline
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Thames Tideway Tunnel – Timeline. (Tideway, 2017)

[bookmark: _Toc535774816]London Sewer – Attitudes to the ‘Super Sewer’ project from media and environmental groups. 
As with all projects of this size, particularly where many people are affected personally, socially and financially, there have been both positive and negative opinions to the project from a wide range of stakeholders.
[bookmark: _Toc535774817]Opposition views
Environmentally there are campaign groups such as ‘Save Your Riverside at the Chambers Wharf’ where campaigner Ana Williams has declared that the super sewer;
‘will ruin the lives of thousands of residents and school children in an area that just isn't suitable for a project of this scale’ (The independent, 2013)
Also claiming that even when operational it will still discharge around two million tonnes of sewage into the river annually.
Professor Chris Binnie, who chaired a steering committee that assessed and supported the construction of the super sewer some years ago, has since changed his stance on the idea and now believes there are more cost-effective alternatives that could be explored. 
“The tunnel will do what it says it will do. But it is almost certainly a stupendous waste of money for very limited benefit,” Professor Chris Binnie, Quote to the Guardian. (The Guardian, 2014)
There are also significant cost implications to the project in terms of the capital delivery and the forecast extra £80 annual increase to a bill payers charges on completion. 
Residents of numerous London Boroughs are unhappy about the location of the sites, the amount of disruption to residents during times of heavy construction traffic and large-scale drilling. 
Most campaigners against the project fall generally into a category of Risk, Time or Cost. 
A group made up of independent experts led by the veteran ecological campaigner Lady Dido Berkeley named the ‘Thames Blue-Green Economy’ and consisting of engineers, lawyers, ecologists and politicians (amongst others) object on the basis;
“so that a cheaper, quicker, lower risk, and more sustainable solution to dealing with London’s excess rainwater can be implemented and effective immediately without waiting another 10 years, an option which has been fiercely opposed by government to date". (Water & Waste Water Treatment, 2104)
[bookmark: _Toc535774818]Project Support
Support for the project is evident from a wide range of groups also. Controversially several long-term Investors and pension funds such as Allianz have invested in the project and already seen returns of over £50million in the year to November 2018, mainly through interest repayments on the capital loan. The investment has been secured following the introduction of “a new model of private infrastructure financing that required special legislation to be passed in 2010” that enables investors to take a return on investment during the construction phase of the project as well as on completion with risk for any overrun shifted to the government. 
	‘Supporters say the model could provide an alternative for funding big public infrastructure projects as the government abandons its controversial private finance initiative model, which saw private companies fund schemes such as schools and hospitals in exchange for long management contracts.’ (The Financial Times , 2018)
Environmental support can be found by a strong consortium of national and local organisations named ‘The Thames Tunnel Now’ or ‘TTN’. With members such as the London Wildlife Trust, WWF and RSPB, the group have campaigned for improvements in dealing with the current sewerage issue and a solution ‘to stop tens of millions of tonnes of sewage overflowing into London’s river each year through the city’s 36 Combined Sewer Overflows (CSOs).’
"London’s dirty secret whereby as little as 2mm of rain can cause the sewers to overflow directly into the river with devastating effects for fish and other wildlife.” (London Wildlife Trust, 2014)
The TTN claim that the only viable solution is the Thames Tideway Tunnel.





















[bookmark: _Toc535774819]Water Supply – Direct & Indirect supply to Housing Stock 

Water supply to residential properties in the UK is via a regional utilities provider and in Wales that is Welsh Water or Dwr Cymru. Water is supplied by large ‘main’ supply usually located under the roads outside the property. From there will be a smaller connection pipe branching off that in the direction of the property, where it will meet a stopcock and water meter. All these services are the responsibility of the utilities company (as the illustration below shows us). It is the home owner’s responsibility for water supply, connection and plumbing hardware from the water supply pipe. 


[image: ]
(Dwr Cymru, 2107)

Once Main water has reached the intended property there are several systems that can then be introduced to supply both hot and cold water to the intended room within the property. 
[bookmark: _Toc535774820]Direct Supply
The ‘Direct Supply’ system will be found in more modern houses and is now common place throughout the UK. By taking a healthy water supply directly from the water supply system, water that has been through a purification process, it is supplied at pressure to the mains constantly and the water taken from the tap in a house will be fresh. This method is significantly more advanced than the indirect system (as outlined below). All cold water taps in a property will be served by this supply, also serving a boiler or combi-boiler to distribute hot water to kitchens, bathrooms and radiators as required. 
The advantages of this system over the ‘in-direct system’ are include improved water quality with less chance of bacterial contamination, along with being more cost effective regarding not needing a water tank or the associated maintenance of it. Some disadvantages can be the threat of leaks due to the system always being pressurised.
[bookmark: _Toc535774821]Direct Supply – Illustration 
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Direct Water System


· Service pipe from water company
· Rising main
· Drinking water to kitchen
· Drinking water to bathroom
· Cold feed pipe to boiler
· Hot-water cylinder




[bookmark: _Toc535774822]Indirect Supply
The ‘In-Direct Supply’, a traditional system found in older properties in the UK and is still common place in some developing countries and those without access to a reliable mains water supply. Mains water enters the property and serves only one tap in the house, usually the kitchen tap. Water supply from the raising main is then also diverted to a water tank, usually stored at height, so in the attic, roof eaves or similar, using gravity to serve the taps and appliances as required. 
Whilst advantages of this system include the ability to still have a water supply even if there is a mains issue due to access to full water tank and the fact there is less chance of a leak due to the system not being pressurised, there are disadvantages to the in-direct system too. 
Water quality and the chance of bacterial contamination are higher as stagnant water in a tank will degrade in quality if not used. The tank needs space to occupy and there can be a lack of pressure via the gravity led system leading to the need for additional pumps to ensure showers and flushing toilets operate as they should. 
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Indirect Water System

· Service pipe from water company
· Rising main
· Drinking water from rising main
· Cold water storage tank
· Overflow pipe
· Cold feed pipe to bathroom
· Cold feed pipe to boiler
· Hot water cylinder




[bookmark: _Toc535774824]Welsh Housing Stock
Regarding the housing stock of Wales, the housing stock being some of the oldest in the UK, the proportion of indirect water systems throughout Wales will be high, with only modern housing and properties that have gone through large refurbishment and maintenance where direct water supply has been installed in place of the in-direct system. 
‘Wales has the oldest housing stock in the UK, with similar spread of housing types.’ (Welsh Government, 2018)
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