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Dams are man made structures which hold back large amounts of water to form reservoirs, they are usually formed by the compaction of earth into an embankment with some form of watertight core (usually clay). There are thousands of these structures in the UK and without close monitoring and supervision, dams can significantly deteriorate over time. All large reservoirs are regulated to ensure that close monitoring by trained professionals ensure they remain safe whilst preventing any failures which could cause flooding, endanger life and damage property (British dams.org,(2021). 
The British Dams Society (2021) describe the spillway structure of a dam as “structures that either form part of a dam or, are found just beside one. They are used, when a reservoir is full, to pass floodwater safely, and in a controlled way, over a dam, around it or through it”.
One of the first incidents surrounding the safety of a dam was first highlighted in 1852 following the failure of Bilberry dam, and again shortly after in 1864 with the collapse of Dale Dyke Dam near Sheffield which resulted in the death of 244 people. This, combined with additional dam failures, resulted in the creation of the reservoirs safety provisions act 1930 and this applied to all reservoirs in Britain over 22700m3. This has now been amended over time and evolved into what we work to today which is the Reservoirs act 1975 and applies to England and Wales with slight variations on capacity. (Toddbrook independent review, 2021). Each reservoir that is regulated by Law will be required to appoint a reservoir panel engineer, the two main types which we are concerned about is a supervising engineer and also an All reservoirs engineer. They are defined below as: 
Supervising Engineer (SupE): These are engineers that are appointed by the reservoir owner of a high‐risk reservoir in England and Wales or a medium or high-risk reservoir in Scotland to supervise the reservoir at all times and produces a written report at least once annually. (British dams.org,(2021).
All Reservoirs Engineer (AR): These are engineers that are appointed by the reservoir owner of a high-risk reservoir of any type to perform a periodic reservoir safety inspection (once every ten years) and provide a report to the reservoir owner. This report is then sent to the relevant regulator (NRW in wales and the environment agency in England) and also the reservoir owner. The report can contain many different recommendations which will be broken down into various categories such as “in the interests of safety” and/or “maintenance” which must be complied with. (British dams.org,(2021).

Reports written by both the Supervising engineer and All reservoirs engineer highlight various issues of concern, one of which is known as “Measures in the interest of maintenance” this is where all vegetation management issues will fall, and it is the responsibility of the reservoir undertaker to carry out these works. (NRW, 2021)
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The environment agency quote three main ways in which vegetation growth in or around masonry spillways can lead to degradation of the spillway structure, they state the 3 main ways are as follows
1. “Their roots break up the structure of the spillway, loosening the surface blocks and causing increasing amounts of damage over time; 
2. Vegetation retains moisture in the masonry, allowing chemical reactions to take place; 
3. Vegetation acts to physically slow the passage of water in the spillway, reducing the spillway’s effective capacity and increasing the likelihood of it overflowing”
(Environment agency – design and maintenance of masonry stepped spillways, 2021)
Good housekeeping surrounding vegetation management on spillways indicate that all vegetation should be removed as soon as possible.
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One of the most recent well documented events regarding vegetation management on masonry spillways is the Toddbrook incident in August 2019 in Whaley bridge north west England. The event was well documented in the media and triggered by two large storm events that hit the reservoir in quick succession which damaged the auxillary spillway. This damage caused the concrete lining of the spillway to be damaged and caused erosion of the underlying material.
From this event a detailed report written by Professor David Balmforth was written and detailed findings of what caused the dam to fail were revealed. Professor Balmforth wrote "poor design of the spillway, exacerbated by intermittent maintenance over the years which would have caused the spillway to deteriorate"(bbc.co.uk,2021).
He also mentioned: "With consistent good quality maintenance over the years leading up to the event the spillway may not have failed”
This maintenance he is referring to is the saplings and other vegetation seen growing through the joints in the concrete slab of the spillway. 
Photos of the reservoir prior to its breach showed poor maintenance and Prof Balmforth said this "extensive plant growth" in cracks and joints suggested there were "open passageways to the embankment underneath".
He said the "most likely sequence of events" was that water got in through some of these cracks, lifted the slabs and caused a void to develop, which when heavy rainall caused large volumes of water to flow over the spillway it caused it to fail. (bbc.co.uk,2021).
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There are many failure modes that can and have caused major incidents over the years, and guven,2021 identifies many in his book on risk assessments of dams but one significant failure mode which has been highlighted recently with the Toddbrook incident is the design and more importantly the maintenance of the masonry spillway and the detailed report produced by professor Balmforth. There hasn’t been a great deal of research into the specifics of how vegetation leads to failures as most reservoirs have not been tested to that extreme event very frequently. My research into this topic hopes to identify how these failures can occur and also more importantly what ongoing maintenance the reservoir undertakers need to ensure occurs consistently to prevent any future dam failure events.
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