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Introduction
Service reservoirs are used by water companies to store potable treated water and to provide some retention time in supply to the water Network. These reservoirs are usually of concrete construction (Post 1960’s – Reinforced Concrete) and usually consist of 1 or more compartments. These compartments are split by dividing walls which are of the same construction material. Some of these Service reservoirs are capable of storing more than 10,000m3 (escapable volume above natural ground level) and are then subject to statutory inspections under the Reservoirs Act 1975 (more than 10,000m3 in Wales, currently at more than 25,000m3 in England). These Inspections take place annually to inspect the integrity of the embankments and general maintenance and once every 10 years to internally inspect the structure. Any reservoir that falls into this category is classified as a ‘large raised reservoir’ or a ‘dam’. Traditionally only large river impounding ‘dams’ would have been subject to the Reservoirs Act but due to regulation change in 2016, Service reservoirs now form a part of UK water company portfolio of dams.
DEFRA (Department of Environment Food & Rural Affairs) is a UK government department which enforces the Reservoirs Act. They have a panel of engineers which carry out the statutory inspections on the reservoirs. These Panel Engineers must inspect the reservoirs to ensure their safety and that they are not under threat of imminent breach which could have disastrous consequences for those who live nearby (within Flood Hazard map areas) or for Critical National Infrastructure. 
The deterioration of the construction material would primarily be the cause of failure and most Service Reservoirs are constructed of reinforced concrete.
Aims & Objectives
What I aim to achieve in this project/study is to gain a better understanding on how the carbonation of reinforced concrete effects the structure of service reservoirs and the possible prevention techniques that could be used by Engineers during construction and throughout their operation in an attempt to maximise lifespan. I also aim to discuss techniques used to predict and assess the structures remaining lifespan. I aim to discuss the factors and modes of deterioration of reinforced concrete, specifically the carbonation mode of deterioration.
I aim to achieve my aims and objectives by carrying out a Literature Review of the subject and by carrying out Interviews with subject matter experts (SMEs) and panel engineers. Some of these SMEs will be employees of Welsh Water and others will be panel engineers who work for consultancies such as Arup, Dams and Reservoirs and Jacobs. 




What do I know about the subject (Currently)
From an initial review of the literature, I have concluded that there are 6 common modes of deterioration of concrete structures. 
The ISO guide for Concrete design states 6 common modes of deterioration.
https://www.iso.org/obp/ui/#iso:std:iso:16204:ed-1:v1:en
ISO16204:2012 Durability – Service life design of concrete structures
1. Carbonation – induced corrosion
2. Chloride – induced corrosion
3. Freeze/Thaw attack
4. Excessive cracking of concrete
5. Chemical attack
6. Alkali Silica Reaction (Concrete Cancer)
I have chosen to discuss carbonation – induced corrosion as the subject I will research. Discussions with subject matter experts and reviewing inspection reports of service reservoirs as part of my role have concluded that carbonation induced corrosion of reinforced concrete is the most common mode of deterioration of concrete structures and this is also true in service reservoirs.
According to Edwards ‘The carbonation induced corrosion of reinforced concrete happens when Carbon Dioxide from the atmosphere enters the concrete and forms carbonic acids. These acids react with the calcium hydroxide in the pore solution and are deposited as calcium carbonates which line the internal surfaces of the concrete pores. Eventually the reservoir of alkaline hydroxides is consumed and is replaced with neutral solid compounds and the pH of the concrete is reduced to between 7 and 9. The depth to which carbonation has affected the concrete is called the carbonation front.
When the carbonation front reaches the steel surface, the alkalinity forming the passive layer is neutralised and in the presence of oxygen and water corrosion can proceed.’
http://www.corrosionengineering.co.uk/knowledge-library/corrosion-of-steel-in-concrete/index.php#:~:text=Carbonation%20Induced%20Corrosion&text=Carbon%20dioxide%20in%20the%20atmosphere,surfaces%20of%20the%20concrete%20pores.

Where will I find out answers to my questions?
I will find out answers to my questions and study the topic through using the UWTSD online library and reviewing Engineering journals, specific literature on concrete design and deterioration modes, and service reservoir structural statutory reports which I will be able to access through work. 
I will be interviewing subject matter experts in an attempt to get an industry perspective and real-world view on the topic. The SMEs are professionals that work within the industry and have a wealth of experience and knowledge in the behaviour of concrete structures – specifically Dam and Reservoirs.
· Stephen Cavanagh – All Reservoirs Panel Engineer (Service Reservoir Panel) / Binnies
· Darren Shaw – Associate / All reservoirs Panel Engineers / Arup
· Alan Brown – Global Technology Lead / All reservoirs Panel Engineer / Jacobs
· Dr Andy Hughes / All Reservoirs Panel Engineer / Dams and Reservoirs consultancy
· Michael Alexander / Senior Civil Engineer / DCWW

How will I benefit from conducting this research?

I will benefit from this research by understanding the science behind the carbonation process of reinforced concrete, construction and preventative techniques applied to minimise risk of carbonation and techniques used to identify and assess the deterioration. This applies to me as my role is to manage a portfolio of reservoirs which are subject to statutory inspections. I regularly review reports and must be able to understand the context. I will also benefit from being able to discuss the subject when it arises and be confident when dealing with external and Internal stakeholders.
I have a clear career path in my line of work and would one day like to achieve the status of Supervising Engineer under the Reservoirs Act. Concrete and its modes of deterioration would be a key element in that line of work, and it is something I aim to research in my dissertation in my final year of study.
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