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[bookmark: _Toc187409964]Introduction
The South Wales Valleys boast a significant industrial heritage linked to coal mining, which has been a crucial aspect of the region’s economy, culture, and landscape for over two hundred years. In the peak periods of the 19th and 20th centuries, South Wales emerged as a leading coal-mining region globally. It drove the expansion of the Industrial Revolution in Britain, supplied energy for international trade, and reinforced the country's status as an economic leader. However, this rigorous mining operation resulted in a perilous and lasting aftermath - coal tips. These tips consist of significant amounts of waste material generated during the coal mining process, with many being placed on steep hillsides throughout the South Wales area. 
The stability of coal tips has raised growing concerns over the years. The careless and unmonitored building of coal tips in the 19th century resulted in minimal focus on their safety. Coal tips represent the industrial activity of the time, but they also highlight the dangers they can present to local communities. An example of these risks is the Aberfan disaster in 1966, where the failure of a coal tip led to the loss of 144 lives, among them 116 schoolchildren (HSE, 2020). This tragedy sparked widespread anger and resulted in more stringent safety regulations. Numerous outdated and inadequately built coal tips still present considerable dangers today. The implications of these risks go further than just the direct danger to human safety.
 Landslides triggered by unstable tips can lead to significant damage to property, environmental pollution, and interruptions to infrastructure like roads. Moreover, the financial implications tied to the aftermath of a collapse are significant, frequently impacting both local and national budgets. Climate change has intensified these problems, with more frequent and severe weather events—like heavy rainfall, storms, and flash flooding—adding extra pressure on already vulnerable areas. 
With proper management, these sites have the potential to become valuable resources that enhance the region's economy, environment, and overall well-being. This report investigates the stability of coal tips, specifically concentrating on the Tylorstown tip located in Rhondda Cynon Taf. The analysis examines the elements leading to instability, evaluates the dangers associated with unstable tips, and presents suggestions for management and potential future applications.
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[bookmark: _Toc187409966]What Are Coal Tips and How Are They Formed?
Coal tips are piles of leftover waste material resulting from the extraction, processing, and cleaning of coal. This waste, commonly known as “spoil,” generally consists of materials like shale, sandstone, clay, and various non-coal by-products. In the coal mining era, these materials were seen as worthless and discarded close to mining sites to reduce transportation expenses. The outcome was the formation of large mounds of waste, frequently positioned on steep valley slopes where the potential for instability was greatest (Thomas, 2018). 
The absence of engineering principles or safety measures in their construction rendered numerous coal tips fundamentally unstable. In certain instances, the tips were constructed on unstable or saturated ground, which compromised their structural integrity. As time has passed, numerous tips have ‘blended’ into the natural environment, but they still pose considerable dangers to the nearby communities.
[bookmark: _Toc187409967]Coal Mining in South Wales and Its Environmental Legacy
Coal mining in South Wales saw its highest levels of activity during the late 19th and early 20th centuries. The coalfields in the region fuelled industries across the globe, establishing South Wales as a hub of economic success. Mining communities led to the establishment of entire towns and villages, integrating the industry into the social and cultural fabric of the region. However, this success was not without its sacrifices. The environmental damage resulting from coal mining was considerable, especially due to the extensive formation of coal tips. By the middle of the 20th century, it was estimated that there were around 2,000 coal tips throughout South Wales (Davies et al., 2021). 
Numerous suggestions were put forward after the downturn of coal mining in the 1980s. Today, they continue to be an evident and challenging remnant of the area's industrial history. Although the Mines and Quarries (Tips) Act of 1969 established crucial safety regulations, it failed to tackle the numerous unregulated tips built prior to the enactment of the law. This has presented local authorities with the task of overseeing these sites.
[bookmark: _Toc187409968]Factors Affecting Coal Tip Stability
The stability of coal tips depends on a variety of geological, environmental, and human factors. Understanding these factors is essential for identifying risks and developing effective management strategies.


[bookmark: _Toc187409969]Geological Factors
Geological conditions are a critical determinant of coal tip stability. In South Wales, many coal tips were constructed on weak or unstable bedrock, such as shale or mudstone. These types of rock have low load-bearing capacities and are prone to weathering, which can weaken their structural integrity over time (Smith et al., 2020).
The composition of the coal tips themselves also influences their stability. Tips composed of fine-grained materials, such as silt or clay, are particularly vulnerable to water infiltration. When these materials become saturated, their shear strength decreases, making them more likely to slide. In some cases, the buildup of water pressure within the tip can trigger liquefaction, causing the material to behave like a fluid and leading to sudden and catastrophic failure (Johnson, 2017).
[bookmark: _Toc187409970]Environmental Factors
Environmental conditions in South Wales increase the risks associated with coal tips. The region experiences high levels of annual rainfall, which increases the likelihood of water infiltration and saturation within the tips. Prolonged periods of wet weather or sudden heavy downpours can significantly weaken tip materials, increasing the risk of collapse. Climate change is expected to worsen these issues, as extreme weather events become more frequent and severe (Met Office, 2023).
Temperature fluctuations also play a role in coal tip stability. Freeze-thaw cycles, where water inside the tip materials freezes and expands during cold weather, can cause microfractures. When the ice melts, these fractures make the material more susceptible to erosion and sliding. (Johnson, 2017)
[bookmark: _Toc187409971]Human Factors
Human activities have significantly contributed to the instability of coal tips. Historically, many tips were constructed without proper oversight, leading to poor compaction and uneven distribution of materials. In some cases, modern development activities, such as construction or changes to land use, have further destabilised these tips. For example, the removal of vegetation can reduce the natural stability of a tip by increasing surface erosion. (Smith et al., 2020).
The lack of ongoing maintenance has also worsened the problem. Many drainage systems designed to manage water flow around coal tips have been neglected or fallen into disrepair, allowing water to accumulate and weaken the tips.
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The Tylorstown tip in Rhondda Valley, established in the early 1900s, functioned as a storage site for waste from local coal mines. Situated on a steep hillside, its design mirrored the typical approaches of the time, prioritising short-term convenience over lasting safety. The site is currently not in use, yet it continues to raise concerns regarding its potential instability, particularly considering climate change and heightened rainfall. The Tip is categorised as a class D tip and was undergoing quarterly inspections before the incident occurred.
Tylorstown coal tip - T29815
Figure 1 - Map displaying location of tip












[bookmark: _Toc187409974]The 2020 Landslide
In February 2020, substantial rainfall and a series of three storms led to a major landslip at the Tylorstown tip, displacing around 60,000 tonnes of material. The debris blocked the Rhondda River and harmed local infrastructure, leading to concerns about the effectiveness of current monitoring systems (Welsh Government, 2021). Investigations showed a mix of issues, such as inadequate drainage, overly wet ground conditions, and the sharp slope of the tip.
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                     Figure 2 - Arial photograph of the slip at Tylorstown
The situation led local and national authorities to reassess their strategies regarding coal tip management. Emergency stabilisation works were carried out, which included the installation of drainage channels to mitigate water accumulation. Additionally, the landslip underscored the importance of vegetation in preserving slope stability. Studies indicate that plants with deep roots can enhance slope stability by increasing soil cohesion Hutchinson, 2020.
The Tylorstown incident highlights the importance of taking steps to avoid similar events in the future. It also raises significant questions regarding financial support. The UK Government has committed £31 million for coal tip management in Wales. However, experts contend that this amount falls short for sustainable long-term solutions (National Coal Authority, 2022). The event highlights the pressing requirement for ongoing investment, enhanced monitoring technologies, and cooperative management frameworks. 
Rhondda Cynon Taf County council has implemented a four stage remedial process to safeguard the tip and also to remedy the damage that was caused. (Rhondda Cynon Taf Council, 2024)
Phase 1 - Emergency drainage and vegetation clearance (completed in the weeks following the landslip)
Phase 2 - Embankment scour repairs (commenced in late June 2020, and was completed in June 2021)
Phase 3 - Moving of material to receptor sites and temporary reinstatement of paths (commenced in late June 2020, and was completed in June 2021). An additional phase of work to stabilise the slope above the one remaining closed footpath was completed in autumn 2021
Phase 4 - Remediation of the remaining tip on the hillside. Planning permission was granted in October 2022 and works started on site in April 2023. It will enable future enhancements to the community route. The original drainage programme has been extended and a revised completion date for Phase Four is winter 2024.
[bookmark: _Toc187409975]Environmental and Economic Impacts of Coal Tip Failures – Risk assessment
Consequences of Coal Tip Failures on the Environment and Economy Coal tip failures can lead to serious environmental and economic impacts. From an environmental perspective, landslides frequently lead to the pollution of rivers and soil with sediment and harmful substances. This may lead to lasting impacts on nearby ecosystems, negatively affecting aquatic species and diminishing biodiversity. 
The financial implications of addressing coal tip failures are significant. Besides the direct costs tied to cleanup and repairs, landslides can hinder local economies by harming infrastructure and postponing development initiatives. For communities facing the economic difficulties of post-industrial decline, these costs can be especially heavy. (Thomas, G. 2018)
[bookmark: _Toc187409976]Opportunities for Repurposing Coal Tips
Despite their risks, coal tips also offer opportunities for regeneration and sustainable development. By investing in innovative land-use strategies, these sites can be transformed into assets that benefit local communities.
[bookmark: _Toc187409977]Green Spaces and Biodiversity Reserves
One potential use for coal tips is converting them into green spaces or biodiversity reserves. By stabilising the tips and planting native vegetation, these sites can be transformed into parks, forests, or wildlife habitats. This approach not only enhances the aesthetic and ecological value of the area but also provides recreational opportunities for residents.
[bookmark: _Toc187409978]Renewable Energy Projects
Coal tips could also be repurposed for renewable energy projects, such as wind farms or solar installations. The elevated position of many tips makes them ideal locations for wind turbines, while large, flat areas can be used for solar panels. Such projects align with Wales’s commitment to reducing carbon emissions and transitioning to a green economy.
[bookmark: _Toc187409979]Cultural and Educational Facilities
Another option is to develop cultural and educational facilities that celebrate the region’s mining heritage. For example, former coal tips could house museums, interpretive trails, or community centres that educate visitors about the history of coal mining and its environmental impacts. These facilities could also attract tourism and generate revenue for local economies.
[bookmark: _Toc187409980]Recommendations for Managing Coal Tips
Effective management of coal tips requires a collaborative approach involving local councils, national governments, and community stakeholders. The key recommendations include: (National Coal Authority 2022)
• Enhanced Monitoring: Regular geotechnical surveys and the use of modern technologies, such as drones and remote sensors, can help identify risks before they become critical. LIDAR systems are also used to detect changes within tips.
• Improved Drainage Systems: Restoring and maintaining drainage systems around coal tips is essential for reducing water infiltration and preventing saturation.
• Community Engagement: Local residents should be involved in decision-making processes to ensure that management strategies reflect their needs and concerns.
• Integration with Climate Plans: Coal tip management should be incorporated into broader climate adaptation and resilience strategies to address the impacts of extreme weather.
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The stability of coal tips is a significant concern in South Wales, where the history of industrial activity still presents dangers to local communities. The Tylorstown landslip of 2020 highlights the severe consequences that can arise from failing to take action. It is evident that climate change, by raising the frequency and severity of extreme weather events, has heightened the susceptibility of these locations.
 Active management is crucial to tackle these challenges. Improved geotechnical surveys and remote sensing technologies, including LiDAR, can offer early alerts regarding instability (Jones et al., 2023). However, relying solely on technological solutions is not enough. Ensuring the stability of coal tips demands a comprehensive strategy that includes environmental restoration, diligent upkeep of drainage systems, and active involvement of the community.
 Public awareness campaigns can enhance residents' understanding of risks and encourage their involvement in local decision-making processes. Significantly, coal tips also signify a chance for renewal. Turning these sites into green spaces or renewable energy hubs can yield lasting advantages for the area. For instance, certain abandoned coal tips have been effectively transformed into biodiversity reserves, aiding native species and enhancing ecosystem resilience (Jones et al., 2022). 
Although notable advancements have been achieved since the Aberfan disaster, there is still considerable effort needed to guarantee that coal tips do not pose any risks. With sufficient funding, creative approaches, and a dedication to sustainability, South Wales can reshape its industrial legacy into a basis for a more secure and thriving future. 
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