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1. Introduction
The Bristol Channel is unique. It has some of the strongest tidal streams and highest tidal ranges in the world. It also faces the predominantly South Westerly /Westerly winds, which in turn generate swells and waves running up the Bristol Channel. These tidal streams, waves and swells hold vast amounts of energy which can and should be captured and used, not just by one renewable energy structure, but by many.
This study takes existing renewable energy marine designs and concepts; it then combines the ideas, and sites them in the unique environment of the Bristol Channel.
The key dependant variables are the tidal streams, and to some extent, the waves (and swell) in the Bristol Channel. The key Independent variables are the ‘Hammerhead’ shaped breakwater positions and how they affect the adjacent land and sea. Natural Resources Wales (2017) designate the importance of certain ‘Sites of Special Scientific Interest’ (SSSI) and ‘Special Areas of Conservation’ (SAC). The Crown Estate (2017) encourage Wave and Tidal Stream technology, and would require evidence on how the breakwaters will affect sediment movement in the water column and affect the position of sand banks in the area, which in turn could affect sea life. Titan Environmental Surveys Ltd (2017), who are based in Bridgend, South Wales, have the vessels, equipment and expertise to carry out the wave, tidal stream and seabed topography surveys of the area. They undertake local survey projects for the United Kingdom Hydrographic Office. 
The hypothesis predicts that the structures will have an effect on both the land and the sea. How much effect needs to be studied during the research stage. However it is felt that any changes brought about by these structures will cause limited or no significant disruption to flora and fauna and may also enhance sea life by acting as an artificial reef.
 







2. Literature Review
The Low Carbon Research Institute (LCRI, 2015) states that the UK presently has the lead in zero carbon marine energy sources. The Welsh Assembly Government, (2010) mentions in their ‘Low Carbon Revolution’ document that it expects to be generating 9TWhr of power annually from wave and tidal stream technology by capturing 10% of the potential wave and tidal stream energy off the Welsh coast. They want to do this by the year 2025. However, since 2010 there has been little progress to exploit the Bristol Channel. Research and feasibility studies need to be funded, licences need to be granted and projects need to commence before this deadline comes and goes and another opportunity missed.
2.1. Proposed Designs
[image: C:\Users\Tim\Desktop\2nd year\Research Methods and GIS\Assignment - Research Proposal\Dynamic Tidal Power Breakwaters\DTP2.png]The proposed ‘hammerhead’ shaped breakwaters are the idea of a Dutch Company called Dynamic Tidal Power, (2017). The Dutch are renowned throughout the world for their coastal engineering capabilities. They suggest a long breakwater running perpendicular to the coastline with a ‘hammerhead’ section at its end to trap the tidal stream and therefore raising the hydraulic head behind the wall (Hulsbergen et al., 2012. p1). This raised hydraulic head enhances the tidal stream velocity as it travels through Venturi systems in the breakwater wall.  This concept would be perfect for utilisation off the Glamorganshire coastline. Dynamic Tidal Power has been collaborating with China and Korea to develop these structures off the Yellow Sea coastline (Hulsbergen et al., 2008, p1). They are also looking for a UK group to further their work (Dynamic Tidal Power, 2017) and recommends further research in the UK (Hulsbergen et al., 2012. p7), especially in the Bristol Channel area where they have undertaken computer modelling tests in the past.
There are a few concepts of extracting energy from waves; the proposed method in combination with this breakwater is through ‘wave overtopping’. This idea has been around for many years. One method as mentioned by Margheritini, Vicinanza and Frigaard, (2009. p1371) indicated water from overtopping waves captured in a storage area and directed through turbines. ‘Overtopping’ wave water can be raised higher by using a tapered channel (Rachel Jason, 2010) which guides the wave into an elevated water storage area, which in turn increases the hydraulic head of the stored water. This water can then be either used to drive separate turbines, or can be diverted directly into the tidal stream turbines to increase the tidal stream flow in the many Venturi, or can overflow behind the upstream side of the wall to further increase the hydraulic head.  
[image: C:\Users\Tim\Desktop\2nd year\Research Methods and GIS\Assignment - Research Proposal\Assignment\Tapered Channel Wave Energy.jpg]









The Hammerhead Breakwaters could be constructed from concrete caissons floated into position and sunk in place. This idea of caisson deployment has previously been thought of by ‘Tidal Lagoon Power’ for future lagoon construction beyond Swansea’s project (Tidal Lagoon Power, 2016 p18). This caisson building facility could be designed to facilitate one type of caisson to covering both future Tidal Lagoon Breakwaters and Combined Wave and Tidal Stream Hammerhead Breakwaters. This would reduce the cost of both projects and could quite easily be set up in Port Talbot harbour – right beside where it is needed.
[image: C:\Users\Tim\Desktop\2nd year\Research Methods and GIS\Assignment - Research Proposal\Assignment\Acciona Construction - Maritime Works - Breakwater Caissons.jpg]British companies should be set up similar to Acciona Construction (2017) who have a department that specialise in Maritime Caisson Construction, and build reinforced concrete breakwater sections in floating dry docks. 









[image: C:\Users\Tim\Desktop\2nd year\Research Methods and GIS\Assignment - Research Proposal\Assignment\Plan of Breakwater - Copy.png]
Below is one proposed design of a ‘Hammerhead’ breakwater structure sited between Port Talbot and Nashpoint? Straddling across the tidal stream and facing the oncoming waves.



2.2. Suitable locations
The three areas off the Glamorgan coastline that this Research Proposal will be focusing on are:
1. Between Nashpoint and Aberthaw 
2. Between Port Talbot and Porthcawl.
3. Between Porthcawl and Nashpoint.
[image: C:\Users\Tim\Desktop\2nd year\Research Methods and GIS\Assignment - Research Proposal\Charts Mumbles to Aberthaw\With drawings\1a.png]Only one ‘Hammerhead’ breakwater should be considered for constructed in each area, so as to maintain the tidal flow velocity from one structure to the next and reduce the influence that one ‘Hammerhead’ breakwater causes on the other. 
Area one has been selected due to its strong tidal streams, good wave exposure and the location of The Aberthaw coal fired power station. Note that on these structures, due to their orientation to the tidal stream, the water retaining pools that will capture the wave ‘overtopping’ will need to be sited on the long breakwater, not on the ‘hammerhead’. The Aberthaw Power Station is owned by RWE and will be downgrading its operations in 2017, and closing in 2023 (BMI Research, 2016, p22). RWE is also a leading renewable energy company and this would be an ideal time for them to look at this Wave and Tidal Energy Project right on their doorstep with many of the infrastructure and logistics already in place. A previous case study has been done in this area for siting a tidal turbine (Willis et al., 2010) and the results were positive.
Area Two has been selected due to medium to strong tidal streams, good wave exposure to two of the three hammerheads (the middle breakwater hammerhead is sheltered from waves due to the location of ‘Scarweather’ sandbank), and the location of Tata steel in Port Talbot. This Steel Works uses vast amounts of power, and the cost of this electricity is a major overhead for the business. The steel works have indicated support for Swansea Tidal Lagoon which, if built, will be sited within close proximity to their steel producing operation. Tata Steel have backed the Lagoon project (Pooler, M. Stacey, 2016), which is suggested could provide a cheaper source of electricity for the Steel Works. However, Tidal Lagoon PLC, (2017)  state that the Swansea Tidal Lagoon will only be able to generate power for up to 14 hours in every 24. Therefore, there is a good argument for another type of marine based renewable energy technology within the area to generate power for the remaining 10 hours of the day. This could be the inclusion of an additional Combined Wave and Tidal Stream Renewable Energy Structure which could complement the energy supply from the Swansea Tidal Lagoon. This structure could also possibly be subsidised by Tata Steel.
Area three is a contingency option to look at in case any of the other two areas fail to obtain consent to build or any other unforeseen problems materialise. This area has strong tidal streams though wave exposure is reduced by the position of ‘Nash Sands’ sandbank.
Areas one and two are ideally suited for connection to the main electricity grid in South Wales (Roche et al., 2016). Very little addition electrical cables would need to be installed onshore.
[image: C:\Users\Tim\Desktop\2nd year\Research Methods and GIS\Assignment - Research Proposal\Assignment\Locations..png]




 






2.3. Tidal streams
[image: C:\Users\Tim\Desktop\2nd year\Research Methods and GIS\Assignment - Research Proposal\Assignment\Tidal stream tables.png]The tidal streams along the Glamorganshire coastline run strong. The table below has information extracted and interpolated from Admiralty Charts - United Kingdom Hydrographic Office, (2017). 
























2.4. Wave Heights
The proposed areas are directly facing the prevailing South Westerly weather flows, which bring with them swells and waves. These ‘Hammerhead’ breakwaters can be constructed to exploit the prevailing swell and waves.
[image: C:\Users\Tim\Desktop\2nd year\Research Methods and GIS\Assignment - Research Proposal\Assignment\Porthcawl - Storm Ophelia - Copy.jpg]




Photo - Storm Ophelia (Jones, 2017)



Waves in the Bristol Channel can be affected by the strong tidal streams, especially during Spring Tides where waves can be stopped in their tracks and their energy transport can be reduced to zero if the velocity of the wave train is the same as the velocity of the tidal stream in the opposite direction (Fairley et al., 2014).
However, it is assumed that these specific conditions are not common as the Associated British Ports - Marine Website (2017) shows computer generated annual and Winter wave information for the Bristol Channel, that indicates an average of one metre annual wave height and an average of 1.5 metre Winter wave height. This does not take into account any swell running up the channel, which also causes ‘overtopping’ of breakwaters – even in calm conditions. It also does not take into account any storm surge, which can raise the water level by up to 1.5 metres in the Bristol Channel (Uncles, 2010) –ideal for ‘overtopping’.     
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3. Method
[image: C:\Users\Tim\Desktop\2nd year\Research Methods and GIS\Assignment - Research Proposal\Assignment\Project Plan.png]








4. Results
As this is a Research Proposal it has not generated any results of its own. There are only results compiled by other researchers. However, if the Research Proposal proceeds, the following tasks would need to be performed to obtain further specific results; 
a) In depth desk top studies of various literatures related to the subject and area, and computer modelling studies of tidal stream and wave variations within the Bristol Channel, with simulated new structures in place.
b) Model testing within laboratory wave and tidal stream tanks using scaled models of land and sea topography (including sandbank locations). 
c) Practical land site surveys of various proposed locations where the structures touch the shoreline.
d) Practical sea site surveys along the path of the ‘Hammerhead’ shaped breakwaters.

5. Evaluation
The Welsh Government needs to be more aggressive in its wave and tidal renewable energy policies and strategies. The UK Government need to wake up to the fact that action is needed and they need to indorse such marine renewable energy structures in this area, before other power stations in the area shut down (Aberthaw), with nothing to fill the power void.
At present, marine renewable energy test sites and proposed marine array sites are located in West Wales, away from the big ‘energy hungry’ cities along the South Wales coast (Swansea, Cardiff and Newport). It makes sense to have any renewable energy marine structures sited within close proximity to these cities.
The proposed tidal lagoons around Swansea, Cardiff and Newport are a major step in the right direction, however, it is stated that they will only be able to produce power for 14 hours in every 24 hours. There needs to be other marine renewable energy structures in the vicinity of Swansea, Cardiff and Newport to cover the period when the Tidal Lagoons are not producing power. These other structures need to exploit tidal streams, swell and waves.
The importance of the trouble free access to the renewable energy ‘T’ shaped breakwater structures for maintenance and repair cannot be understated. It should reduce the cost of the overall project life-cycle considerably due to the fact that maintenance and repair vehicles can gain access to the turbines and other operational equipment by driving directly along the structures in nearly all kinds of weathers. This is opposed to other types of marine renewable energy structures which are isolated from the mainland and need vessels and good weather to attempt maintenance or repairs.
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