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[bookmark: _Toc186883270]Introduction
Coal tip stability refers to the structural integrity and safety of coal tips, which are piles of waste material produced during coal mining. In the UK, particularly in Wales, these are often referred to as disused coal tips, as they are no longer connected to active mining operations and have been in place for decades (GOV.WALES, 2024). Regular inspections are crucial to prevent catastrophic events such as landslides, collapses, risks to human safety, and environmental damage. This investigation focuses on coal tips in the South Wales region, examining their history and exploring measures to improve their stability. Ensuring the safety of residents and stakeholders, protecting the surrounding environment, and preventing disasters underline the importance of consistent monitoring and maintenance. Proactive inspection and management of coal tips are essential for safeguarding communities and responsibly managing the environment.
[bookmark: _Toc186883271]2.0 Background Information
[bookmark: _Toc186883272]2.1 Coal tips and their formation
Coal tips are created as heaps of waste material produced during coal mining, formed from the extraction process to access coal seams. These tips consist of rock, soil, and slag removed as overburden, the layer of material above the coal seams, as well as waste rocks that contain no coal but were brought to the surface during underground mining. After extraction, the waste materials are transported to designated areas where they are deposited, forming coal tips. A significant concern with these tips is that the waste was often not compacted adequately during deposition, leading to unstable layering. Over time, as these tips in Wales have remained for decades, they have often expanded irregularly, resulting in uneven shapes and unstable slopes that pose structural risks. (Coal Action Network, 2024)
[bookmark: _Toc186883273]2.2 Historical context of coal mining and tip creating.
Coal stability holds significant importance in Wales due to the South Wales region’s historical reliance on coal mining starting in the 15th century and only coming towards the end up of employment until the late 1990s. Historical events in Wales have also highlighted the importance factors of managing the coal stability after the horrific disaster of Aberfan 1966, where a coal tip collapsed which resulted in 144 people losing their lives. (British Geological Survey (n.d.). After this event occurred, this introduced legislations to prevent this reoccurring such as the Mines and Quarries Act 1969 to provide guidance for the stability of tips and the methods for inspection to be performed. This legislation is now replaced with ‘Mines Regulation 2014’ which retains the provisions relating to stability of coal tips. (www.geolsoc.org.uk, n.d). 
[bookmark: _Toc186883274]2.3 Importance of managing coal tips for safety and environmental protection
It is important to manage coal tips for their safety as in Wales there are over 2500 coal tips, including 350 high risk that require regular inspections to ensure they do not pose a risk to residents near these tips. (Duffy, 2023) There are different ways that the UK Coal authority look to mitigate the risks that are involved to improve safety and environmental protection. 
[bookmark: _Toc186883275]2.3.1 Regular monitoring of tips
Ensuring the stability and safety of disused coal tips requires consistent inspections and monitoring to identify potential hazards to public safety and the environment. The Coal Authority prioritises inspections based on risk, with high-risk sites examined quarterly and all others at least twice a year. Additional checks are conducted after extreme weather events, alongside ongoing monitoring of water levels and ground movement. In South Wales, these efforts are conducted in partnership with local authorities to manage and maintain the safety of disused coal tips and quarry sites effectively. (Coal Authority, 2019).
[bookmark: _Toc186883276]2.3.2 Tip capping and drainage support.
Water infiltration is a significant contributor to instability in coal tips. The Coal Authority has undertaken restoration projects to improve vegetation cover, reducing infiltration and strengthening tip stability. These efforts also bring environmental benefits to local communities. Proper management of surface water is essential for maintaining tip safety, with drainage channels—whether formal or informal—needing to remain clear of debris and overgrowth to allow efficient water flow. Erosion at the base of tips, caused by nearby watercourses, can be managed using erosion control measures and bank stabilisation methods. (Coal Authority, 2019)
[bookmark: _Toc186883277]3. Factors affecting Coal tip stability
There are many different factors that play a vital role in the stability of coal tips and what could affect their durability or make them high risk. These main factors are geological, environmental, and human factors. This section will investigate how these factors play a part in the stability and how it can provide concerns as well as improvements. 
[bookmark: _Toc186883278]3.1 Geological Factors
Geological factors that will be vital in the coal tip stability will be the strength of the underlying rocks. If there is a weak rock strength within the bedrock on the coal tips, then this could lead to comprising the stability of the coal tips, as well as if prior to using the site to unload coal waste materials was recognised as a good area due to knowing that the bedrock is strong then it could be a well-suited area. Groundwater levels play a role in subsurface geology of the area for the coal tip and high ground water pressure beneath the tip can reduce effective stresses causing the tip to be more likely to cause a collapse including landslides. 
[bookmark: _Toc186883279]3.2 Environmental Factors
Water infiltration is a significant factor in coal tip failures, as water can accumulate within spoil heaps, particularly if drainage is inadequate or the tip is situated near springs. This accumulation increases pore water pressure, reducing the friction between particles and causing a loss of shear strength, which can trigger landslides. Vegetation plays a dual role in coal tip stability: insufficient vegetation leaves the tip exposed to wind and water erosion, while adequate vegetation can enhance stability by absorbing moisture. However, the type of vegetation used must be carefully considered, as certain plant roots may destabilise the tip by weakening its structure.
Climate change poses an additional environmental concern, particularly for the Welsh Government. Projections from the Met Office indicate that winter rainfall in Wales could increase by 6% by 2050 and by 13% by 2080. This increase in precipitation is likely to exacerbate pressure on coal tips, raising the risk of tip slips. A recent example of this occurred in Cwmtillery, where Storm Bert in November 2024 caused significant instability and a tip slip. (Daniel, 2024)
[bookmark: _Toc186883280]3.3 Human Factors
Human factors play a crucial role in the stability of coal tips, as activities such as maintenance and land usage around the tip can significantly impact its integrity. Key considerations include the formation of the tip, proper drainage, and the management of slopes. For instance, excessively steep slopes on a coal tip present a high risk of failure, particularly during wet conditions, which are common in Wales. Regular maintenance is essential to minimise risks to nearby residents and surrounding land. This involves inspecting and clearing blocked drains of debris or vegetation that may contribute to erosion, as well as addressing necessary repairs promptly. Failing to undertake timely maintenance can lead to missed warning signs, such as minor slips, which could escalate into more severe and hazardous failures.
[bookmark: _Toc186883281]4. Case Study
[bookmark: _Toc186883282]4.1 Overview of selected tip
The coal tip selected to investigate for this case study is UID: T76136, based in Rhondda Cynon Taf area in-between towns of Beddau, Llantwit Fardre and Dyffryn. This coal stability tip is classified as CAT D meaning it is classed as a high-risk coal tip stability and requires inspections minimum twice a year. 
[image: ]
Figure 1: Showing the location of case study coal tip stability.	
[bookmark: _Toc186883283]4.2 Describe the specific stability issues identified at the site.
This coal tip in Beddau has different stability issues that have made this area to be classified as a high risk for its coal stability. This report will run through the different specific issues that have been identified that could have impacts on its stability. 
[bookmark: _Toc186883284]4.2.1 Vegetation
The image below, sourced from the latest Google Earth imagery, highlights the absence of vegetation on the top of the Beddau coal tip. This large, marked area is of significant concern, as the lack of vegetation can result in uncontrolled surface runoff. Vegetation plays a crucial role in absorbing rainfall, and without it, the risk of flooding increases. Furthermore, the absence of vegetation compromises slope stability, as plants provide a reinforcing layer to the surface, helping to stabilise the slope and reduce the likelihood of landslides.
[image: ]
Figure 2: Extracted from Google Earth arial view. (Google Earth, n.d.)
[bookmark: _Toc186883285]4.2.2 Historical Information
An analysis of aerial imagery from Google Earth reveals that vegetation on the Beddau coal tip has increased significantly over the past two decades. In 2006, the imagery shows a more pronounced lack of vegetation, which would have had greater negative implications for the stability of the coal tip. Over time, however, vegetation has gradually developed, potentially contributing to improved stability in certain areas. It can be seen in Figure 4 that the coal tip in Beddau has seen growth of vegetation in recent years as a photo was published to the BBC.
[image: ]
Figure 3: Showing the Beddau coal tip in 2006 (Google Earth, n.d.)
[image: ]
Figure 4: Showing vegetation growth on Beddau coal tip, in 2023 (Fischer, 2023)


[bookmark: _Toc186883286]4.2.3 Geology
Geological maps of the coal tip, accessed via Digimap, indicate that the area is primarily composed of superficial deposits, including till, alluvium, and peat. A key concern with the predominance of till is its high clay content. Till has low permeability, making it difficult for water to drain through, which can lead to surface water accumulation and waterlogging, increasing the risk of collapses. Additionally, till is known for its instability and poor load-bearing capacity, making it an unsuitable foundation for supporting large coal tips.
[image: ]
Figure 5: Showing Geology of Coal tip (Digimap, n.d.)
[bookmark: _Toc186883287]5. Risk Assessment
[bookmark: _Toc186883288]5.1 Identify risks associated with the coal tip, including potential impacts on local communities, infrastructure, and the environment.
The coal tip's location is within 1km of the residential areas of Beddau and Llantwit Fardre, home to a combined population of approximately 15,000 people. This proximity raises significant concerns, as any landslide or tip failure could have devastating consequences for these communities. (www.citypopulation.de, n.d.) The high rainfall typical of Wales further compounds the risk, as excessive water infiltration could destabilise the tip and potentially lead to catastrophic events, such as landslides or collapses, causing destruction of homes, infrastructure damage, and loss of life, similar to the tragic Aberfan Disaster of 1966. Residents near coal tips in Wales have expressed fear during periods of heavy rain, with one newspaper quoting locals saying they feel they have “no chance in reality” if a major disaster were to occur. (Will Fyfe, 2022) 
Environmental impacts that can be caused for this coal tips are the potential for nearby soil contamination that could affect agriculture or vegetation growth in the area. This coal tip has already been identified to have a lack of vegetation on the top of the tip, meaning that it could leach onto harmful substance into the surrounding soil effecting the vegetation. For example, in a report by the BBC it was identified on this coal tip that ecologist found rare wildlife are now in the area (due to the coal tip) and a study shown more than one thousand invertebrate species to be living on the coal tips in south Wales. (Fischer, 2023)
[image: ]
Figure 6: Highlighting new discovery that were found on Beddau coal tip. (Fischer, 2023)
The Ordnance Survey data indicates that the western slope of the coal tip, adjacent to the former Cwm Colliery site, has a steep incline, with elevations varying from 115m to 170m, creating a height difference of 55m. This steepness presents a considerable hazard, as heavy rainfall could increase the likelihood of a landslide, posing serious risks to both environmental stability and public health.
[image: ]
Figure 7: Showing topography and heights levels.
[bookmark: _Toc186883289]5.2 Discuss likelihood and severity of these risks.
With this coal tip in Beddau being a Category D coal tip, this means that is has the potential to impact the public safety and is set in the highest category by technical experts due to its potential hazards, its site history, the size and geometry and any associated infrastructure in the area. (www.gov.wales, 2023). The Beddau tip is one of the larger coal tips in South Wales covering an area of 484,760.83 m² that is adjacent to the previously used Cwm Colliery coal factory. There is significant severity with this coal tip being so close to residency area of Beddau and Llantwit Fardre that could cause injuries or loss of life to these residents, but it could also cause severe infrastructure damage to the previously used coal factory that could cause the buildings to collapse, compromising potential pipelines or releasing toxic dust or ash from products that were still have the factory. 
The likelihood of the high-risk coal tip collapsing is dependable on a series of different factors from natural or human implications but if it is proactively maintained this will help reduce the potential of failure. 
[image: ]Figure 8: Showing the measurements of the coal tip area in Beddau.
[image: ]
Figure 9: Cwm Colliery previous coal factory situated next to Beddau coal tip (Branwen Jones, 2021).
[bookmark: _Toc186883290]6. Management Plan
[bookmark: _Toc186883291]6.1 Propose short-term and long-term management strategies to enhance stability.
After investigating the different concerns with this coal tip, a strategy that could improve the stabilisation of the slope would be to reduce the slope angle. By doing this it would improve the stability of the slope and reduce the risks of landslide. (Horgan, 2022). A different type of short-term strategy would be to have emergency procedures in place to local area such as evacuation plans and warning systems. This would provide security to residents as they would feel safer in their communities. Warning signs such as alarms can also notify these residents to leave their properties if it identifies potential ground movement. The Welsh Government are looking at satellite methods that could provide further research into coal tips and their structural integrity. (Kajastie, 2024)
[bookmark: _Toc186883292]6.2 Discuss potential engineering solutions.
An engineering method to provide the stability to the coal tip would be the introduction of geotextiles can prevent erosion to the coal tip that is caused by rain or other climate conditions. This can also include the use of retaining walls or geosynthetic materials to reinforce the tip structure. An improvement in the water management of the coal tip such as drainage systems is a solution that could prevent water accumulating at the top of the coal tip. (Indraratna, 2008). 
[bookmark: _Toc186883293]6.3 Recommend monitoring and maintenance practices.
As a Category D coal tip, it is already subject to monitoring at least twice a year. For long-term monitoring, implementing automated sensors capable of continuously tracking ground movement and environmental conditions could provide enhanced oversight. Regular maintenance and infrastructure improvements around the tip are essential to minimise its potential impact in the event of a significant incident. These measures could include upgrading nearby roads and mitigating risks associated with the Cwm Colliery factory, potentially through its demolition.
[bookmark: _Toc186883294]7. Conclusion
[bookmark: _Toc186883295]7.1 Summarise key findings.
The investigation into the Beddau coal tip (UID: T76136) reveals several pressing issues tied to its classification as a Category D high-risk coal tip. This designation highlights the considerable dangers it poses to public safety, infrastructure, and the environment. Key challenges include insufficient vegetation, unstable geology, steep slopes, and its proximity to residential areas and the Cwm Colliery coal factory. These factors heighten the risks of landslides, water accumulation, and environmental contamination. Located within 1km of approximately 15,000 residents in Beddau and Llantwit Fardre, the tip has the potential for devastating impacts, including loss of life and property damage, echoing historical tragedies like Aberfan. Additional environmental concerns involve soil contamination and threats to wildlife, though the site also supports ecological value by providing a habitat for over 1,000 invertebrate species.
[bookmark: _Toc186883296]7.2 Suggest areas for future research or policy deployment.
Addressing the risks of high-risk coal tips, such as the Beddau tip, requires further research and robust policies. Key areas include advanced monitoring technologies, climate resilience, vegetation restoration, and innovative engineering solutions. Policies should enforce consistent standards, secure funding, and promote public education to prepare nearby communities. Research into environmental impacts and sustainable post-mining land use, such as green spaces or renewable energy, can enhance safety and ecological benefits. A comprehensive approach combining science, regulation, and community engagement is essential to mitigate risks and protect residents effectively. (Lee, 2023)
[bookmark: _Toc186883297]References:
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