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The following research project will aim to identify the implications of poor vegetation management on masonry spillway structures and the implications of this within the dam safety industry.
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The researcher currently works within the dam safety industry and deals with vegetation management as part of their role. The findings of this research will be beneficial to the wider dam safety industry and the grounds maintenance contractors undertaking vegetation management on spillways. 
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The research will hopefully identify clear associated impacts of vegetation on these spillway structures and the findings will assist all key stakeholders in clarifying the importance of vegetation management within the dam safety industry.
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Dams are manmade structures which hold back large amounts of water to form reservoirs and are 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 and are closely monitored by trained professionals to ensure they remain safe, including limiting any failures which could cause flooding, endanger life and damage property (Britishdams.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 professionals within the dam industry 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 always supervise the reservoir and produce 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 quotes 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.

[bookmark: _Toc94000132][bookmark: _Toc102491727]Dam safety incidents due to poor vegetation management on masonry spillways

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 auxiliary 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).
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. One particular, and 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 has not 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 more importantly what ongoing maintenance the reservoir undertakers need to ensure occurs consistently to prevent any future dam failure events.
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The study will utilise a qualitative research design involving the use of semi-structured interviews. The purpose of the research will be to explore the recent failures of masonry spillways and the reports of these failures, and the target population will be supervising engineers, inspecting engineers, and grounds maintenance contractors working within the dam safety industry in Wales. Participants will be targeted via the British Dam Society (of which the researcher is a member) and an email invitation to take part in the study will be sent to see whether any members would be willing to participate in the study.
Interviews will be conducted with consenting participants to explore and analyse whether poor vegetation management is perceived to adversely impact upon dams and contribute to any degradation of the spillway itself. Face to face interviews will last for approximately 30 to 45 minutes and will take place at a time and location suitable for both the participant and researcher.
A semi-structured interview schedule will be developed, and approximately 8-10 participants will be recruited to allow for an in-depth account of expert opinions on the implications of poor vegetation management on masonry spillways. Some of the key topic areas explored will include:
· The importance of frequent grounds maintenance on Dams
· Implications of poor grounds maintenance
· How poor vegetation management can lead to various dam failure methods

Interviews will be audio recorded where possible and transcribed before analysed using thematic analysis; this will allow for the identification of key themes and patterns within the data and will help the researcher to identify the opinions of these experts on the failures of masonry spillways and the impact of vegetation management (Braun and Clarke, 2013).

[bookmark: _Toc102491729]Interview Questions
The interview will be made up of 7 open questions and all questions will be conducted in the same order.
The questions will be as follows
1. Can you explain what role you have within the dam safety industry?
(prompts – are you a contractor / undertaker, main responsibilities / roles)
2. How long have you worked within the dam safety industry?
3. Are you working on behalf of the undertaker or grounds maintenance contractor?
4. Can you explain your involvement with vegetation management?
5. How important would you say vegetation management is on spillways?
6. What would you consider best practice to be in relation to grounds maintenance on dams?
7. What are your main concerns with vegetation management on the dams you visit?
8. Do you have an opinion on the best way to reduce dam failures as a result of poor vegetation management?

Thematic analysis of the interview responses will be undertaken, and once the interview transcripts have been reviewed and the researcher has made themselves familiar with these, there will be a set of codes developed to identify patterns and common themes.
These codes will be developed and a code book created to store these.
Once the codes have been allocated to common themes, the transcripts can be dissected and each theme will be reported using corresponding quotes for support.
These will be sorted into common themes and a narrative written based on these to describe and interpret the data forming an argument for or against the original research proposal question (BPS.org.uk, 2021).
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Following transcription of the individual interviews, thematic analysis of the data will commence whereby the researcher will work through the six stages of analysis as outlined by Braun and Clarke (2006). First the researcher will read and re-read through the transcripts to become familiar with the data. Initial comments and potential coding will then occur based upon the general interpretations being made of the interview data. Once the transcripts have been read multiple times each and codes and notes have been made, the transcript itself will be negated and the codes will be sorted into possible themes. Following a ‘cutting and pasting’ of relevant quotes across all participants data, themes will be reviewed and finally defined and named, with emerging themes and sub-themes being presented in a table with appropriate quotations and identifiers. The narrative results section will then be constructed, introducing each main theme in turn followed by an indication of the development of the selected sub-themes. The results section will end with an overall summary of the findings, with the data being interpreted to present an argument for or against the original proposed research question (Braun and Clarke, 2013).
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The interviews that were conducted were subdivided into two separate categories for analysis, these were from two varying perspectives. The first being the perspective of the contractor conducting the vegetation management and the second from reservoir owners / undertakers or supervising engineers.
The data analysis from these interviews enabled some common themes to be drawn out. These common themes could then be broken down further into sub themes and the data analysed further, and are outlined in the table below.

	Themes
	Sub Themes

	Spillway failure
	Loss of life
	Severe flooding
	Financial impacts

	Challenges
	Cost
	Time
	Health and safety

	Natural environment
	Plant life
	Animal life
	Seasonality

	Development
	Collaboration
	New technologies
	

	Legislation
	Guidance
	Industry best practice
	



From the data analysis there are a few common barriers that have been identified. Below are the common themes extracted from these interviews and their sub themes which have been elaborated on with the addition of quotes where appropriate.
1. Spillway failure – The interview questions brought out some common themes surrounding poor maintenance on spillways, with all participants mentioning the negative impacts surrounding vegetation on spillways and the possible impacts of this being failures of the spillway structure and the possible loss of life / flooding from this resulting failure. There were also mentions of severe financial penalties from governing bodies if repeated failure to remove vegetation from spillways occurs. Participants mentioned “Toddbrook being a game changer in spillway maintenance”, “Vegetation removal is a major issue on concrete spillways”, “Inspecting engineers will be taking a good look at spillways on their visits” were some of the quotes that came from the responses to questions asked.
2. Challenges – The participants all mentioned the various difficulties with ensuring spillways remain vegetation free. The challenges that were mentioned ranged from things like monetary cost to issues associated with getting teams into spillways, which include rope access and scaffolding etc which all lead on to safe working practices. The time taken for this work to be completed was also mentioned, stating it needs to be very short due to fluctuation in reservoir levels as no work can be completed whilst the reservoir is on spill, and challenges reducing reservoir levels to allow a safe working window for the work. Responses such as “Spillway maintenance is a health and safety nightmare”, “there are so many issues surrounding the safe removal of vegetation from a spillway, such as time, weather and access but at the end of the day it is essential work”.
3. Natural environment – Interviewees also mentioned the challenges with removing vegetation whilst being constrained by environmental considerations for using herbicides and with working near watercourses. Not being allowed to use herbicides were mentioned being a big problem. Vegetation needing to be removed by hand, as mentioned by participants, is not ideal as the roots cannot be killed off. Additionally, removal of trees during a small timeframe was mentioned as nesting bird season prevents tree removal for a large summer period where the reservoir levels are naturally low enough to do the work and the winter months being too dangerous. Responses such as “Herbicides would allow us to eliminate all vegetation if only we were able to use a targeted spraying approach”, “Natural resources Wales need to review their policy on herbicides where targeted direct spraying can safely be undertaken, it would make removal of vegetation so much easier”.
4. Development – Responses from interviewees also mentioned good working relationships between contractors, undertakers and enforcement authorities is essential, and participants stated that enforcement authorities, in particular, need to be more helpful with restrictions on use of certain herbicides for vegetation removal and based on site specific problem areas rather than a blanket NO on all sites. Answers also mentioned new technologies to be regularly looked at and shared amongst all parties. Responses such as “We all need to attend sites together to come up with practical solutions”, “We all want the same outcomes, and we need look at pragmatic solutions to these issues”
5. Legislation – Participants also alluded to the lack of clear guidance on how to remove vegetation on spillways with the limited parameters available to contractors and undertakers. Responses such as “Everyone agrees vegetation on spillways should not exist but not being allowed to remove the vegetation effectively and efficiently with a universally agreed approach is nonsense”, “we are trying to carry out work with one arm tied behind our backs”.
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To conclude the findings of this research and answer the question of “The dam safety implications of poor vegetation management on masonry spillways” it is apparent from the study undertaken that the implications of poor vegetation management are substantial. 
Following engagement with relevant literature, and interviews with the reservoir undertaker and several grounds maintenance contractors, it is clear that preventing and keeping on top of any vegetation growth on spillways is extremely important. This research has revealed that industry professionals agree that the implications on dams as a result of lack of maintenance and failing to remove vegetation on spillway structures are substantial, therefore adequate effort must be made to maintain clearing of vegetation to avoid potential dam failures.
The findings from this study also highlighted the anticipated difficulties in achieving a good maintenance regime and highlighted the challenges in keeping on top of ensuring spillway structures remain clear of any vegetation. These challenges included health and safety issues, such as access and egress into spillway structures, as well as enforcement agency restrictions, such as those put in place by natural resources Wales and the environment agency, that impact how vegetation removal can be undertaken. These factors combined with natural restrictions such as the time of the year, whereby weather limits access, and during sensitive wildlife periods where nesting birds or other protected species exist on site, make vegetation removal extremely difficult.
The findings from this study have, however, also highlighted slightly new unforeseen issues into the vegetation management of spillways. All professionals interviewed in this study agreed and accepted the impact of poor vegetation management on spillway structures, but there remains an issue regarding how to remove vegetation safely and efficiently from the spillway structure. The recent events at Toddbrook reservoir in Derbyshire have had a big impact on the way spillway structures are viewed within the industry, with enforcement authorities and the public really focussing on vegetation on spillways and adopting a no-nonsense approach to this. As a result of Professor Bamforths report into the Toddbrook spillway failure, new government guidance is due to be released shortly which will issue new guidance on vegetation management focussing specifically on the spillway structure.
The guidance due to be released will not address the logistics involved in implementing the new stricter measures of vegetation management in these remote and exposed dangerous structures. The use of herbicides being forbidden by local enforcement authorities on a blanket ban approach is causing a lot of issues for the contractors undertaking the vegetation removal. Contractors manually scraping out weeds and saplings on near vertical structures is time consuming and dangerous, therefore a targeted spraying approach with a carefully selected herbicide will not only target the root of the plant but also enable a safer undertaking of the job. It is imperative that local enforcement agencies work alongside dam safety industry professionals to develop a practical and cost-effective way of implementing the new guidance documents due to be released.
This research has been extremely valuable in highlighting not only the implications of poor vegetation management but identifying possible reasons why some spillway structures have not been maintained to the correct standards and the difficulties in achieving these standards with the limited tools available to the contractors and the restrictions imposed on them. All concerned parties agree on the implications of poor vegetation management, the next steps are how to implement these.
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The research undertaken has taught me quite a lot about myself as a professional within the Dam safety industry and as a student undertaking this research project.
It has given me the confidence to delve deeper into a field I currently work in and one in which I am passionate about. It has enabled me to really focus on a specific piece of work and gain a massive amount of in-depth knowledge in a niche aspect of dam safety. The specific knowledge into such a niche part of dams has allowed me to talk openly with highly qualified academics in this field and not feel out of place or lacking in knowledge. The research allowed me to also structure a detailed piece of research and follow it through from start to finish and explore research in an area that I have always been concerned about. I have now gained the confidence to take on large pieces of work and not feel out of my depth. It has demonstrated to me that, if you do not fully understand something, undertaking your own research and spending considerable time studying a particular issue allows you to become very knowledgeable and, in some instances, more knowledgeable than the so-called experts in that field.
Going forward I will have much more confidence in my knowledge of specifics surrounding spillway vegetation management and will have greater self-esteem in my opinions instead of feeling that I am not qualified to provide my opinion to supervising engineers. Based on this detailed piece of research I will be able to demonstrate that I know as much about this specific topic area. I have started to give advice to contractors undertaking work on spillways and advising them of the importance of their work and why their roles are an essential part of keeping our spillway structures in good working order.
The journey of completing this piece of research has allowed me to structure and write interview questions and analyse data whilst also allowing me to write a very large piece of work and meet various deadlines along the way. The main successes were organising the interviews with various professionals and managing to write up and pick out key themes from these answers to form my results section. Identifying key themes and analysing interviews is something I have never done before, so this analysis has given me a new skill I can use in future research. The main difficulties were related to the interview questions and that was trying to write down the key answers to the interview questions whilst still trying to keep a smooth flowing interview. Another challenge was also remaining impartial especially when some interviewees were familiar to me as they and I both know certain struggles we face daily.
One of the main difficulties which I have touched on above was transcribing interview answers. The digital recording device I used did not work sufficiently and I needed to write down answers to the questions rather than allowing a freer flowing conversation to occur. If I were to do this research again, I would use a digital recording device / use Microsoft teams record function and type up the answers later. This would enable a much smoother interview and enable me to re listen to the answers multiple times to eliminate any missed themes. Another part of the interview I would also try, and change would be to ask a greater number of participants from varying companies around the UK / Europe, enabling a much wider scope of answers not necessarily all highlighting issues with environmental regulations within the UK as a big blocker on vegetation management.
From undertaking this research, I feel that I now have the skills to progress in future with a much larger piece of work such as a dissertation. Although this research is considerably smaller, it is set out in a very similar way, and I have proven to myself that I have all the necessary skills required to conduct a much larger more in-depth dissertation project. Completing this research has also given me the confidence to proceed with my application for a supervising engineer role within the dam safety industry. From the above research I have realised that with considerable time and effort focussed on a certain discipline, I can become highly knowledgeable within that field and should not feel out of place giving advice or writing reports to undertakers / reservoir operators based on my findings. This research project has strengthened my ambition to complete my degree and focus on my career within this industry.
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