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1.0 INTRODUCTION
A coal tip, also known as a spoil tip/heap, consists of the waste materials from coal extraction and can vary in age and size. When referring to coal tip stability, this is the probability of a coal tip sliding or becoming unstable. 
After the Aberfan disaster in 1966 where 144 people lost their lives due to a coal waste tip slide, there were major changes in safety regulations for mines and quarries, specifically relating to The Mines and Quarries (Tips) Act 1969 and The Mines and Quarries (Tips) Regulations 1971 which were passed to provide guidance on tip stability and construction. 
Coal tips must now be regularly monitored and inspected to identify any instability issues as soon as possible, which is important for public safety and environmental issues. (gov.wales (2024))
  























2.0 BACKGROUND INFORMATION 
Coal tips are formed from waste material being piled in a specific location from excavations from the ground during coal mining activities. Even though most coal tips within Wales are now disused, they are still the legacy of Wales’s mining history. (Sennedd Cymru (2024))
The history of coal began in the Industrial Revolution when coal replaced wood as the staple resource. Mines began to exist in Wales in the 15th Century for small-scale industry, however, during the 16th and 17th centuries, an export industry developed around the South Wales areas. (BBC Wales (2008))
The waste produced from mining activity mainly consisted of shale, mudstone, sandstone, and coal fragments which were piled into coal tips near mining communities with no thought to future risks it could impose.
A recent study revealed there are more than 2,753 disused coal tips in Wales, predominantly in the South Wales valleys, where 10% of those pose a risk to communities and infrastructure. (UK Parliament (2024))
These coal tips are now being categorised on an interactive map into different categories, where the two main categories which are of concern are Category C and D: 
· Category C - “A tip with the potential to impact public safety, to be inspected at least once a year,” and;
· Category D - “A tip with the potential to impact public safety, to be inspected at least twice a year.” (gov.wales (2024))
The importance of identifying and managing coal tips is because of the risk they pose to the environment, communities, and infrastructure. The main risks that can arise are as follows: -
· Landslides;
· Flooding;
· Pollution;
· Biodiversity; and 
· Spontaneous combustion (Welsh Government, (2022))









3.0 FACTORS AFFECTING COAL TIP STABILITY 
Coal tip stability is impacted by various factors, including geological, hydrological, and environmental conditions in South Wales. The main key factors include: -
· Geology and Topography;
· Hydrology and Water Accumulation;
· Poor Construction Practices;
· Vegetation and Erosion; and
· Seismic Activity and Ground Vibrations
3.1 Geological Factors 
The main geological factors that can affect coal tip stability are the topography and the geology of the ground below. 
The terrain and gradient of the land surrounding and beneath the coal tip can either increase or reduce the risks associated with erosion, sliding, and collapse. This is attributable to the fact that the steeper the slope, the greater the risk of landslides or total failure of the coal tip due to the weight and displacement of the spoil, especially during heavy rainfall events. (gov.wales (2009))
Coal tips situated on steeper slopes necessitate more advanced engineering and stabilisation methods to avoid landslides, including retaining walls, drainage, or the use of geosynthetics to assist in securing the material.
Coal tips located on gentler inclines or level terrain usually have greater stability due to the forces affecting the tip being more evenly distributed, reducing the chance of movement. Nonetheless, even in flatter regions, factors such as water infiltration and erosion may still influence stability if not adequately managed. (Gomasa Ramesh (2021))
Other than topography, the type of soil and rock beneath the coal tip is just as important. Loose, sandy, or clay-rich soils situated on slopes may not provide sufficient support for the weight of the coal tip, whereas firmer, more cohesive soils could provide enhanced stability. (groundandwater (2023))
3.2 Environmental Factors 
The environmental factors comprise natural elements such as rainfall, temperature, and wind, in addition to more extensive conditions including vegetation, groundwater table, and seismic activity. (Public Health Wales (2023))
Rainfall constitutes one of the most significant environmental factors impacting the stability of coal tips. When coal tips undergo heavy or prolonged rainfall events, water can infiltrate the material and cause numerous stability issues, such as: -
· Water saturation – excessive rainfall can lead to saturation within the coal spoil, which considerably increases the weight of the coal tip and increases the likelihood of collapse or movement. The additional weight may surpass the shear strength of the material, resulting in landslides;
· Erosion – Rainwater that flows over coal tips has the potential to cause erosion, resulting in the removal of fine particles, and potentially weakening the base of the coal tip; and
· Water Accumulation – Poor drainage systems can lead to the accumulation of water in specific areas of a coal tip, thereby increasing pressure and instability. Waterlogged coal tips are susceptible to collapsing under their own weight. (Linkedin (2024))
Alongside impacts from the weather, the absence of vegetation can also contribute to destabilising coal tips. Removing plants and trees can cause the waste material to become more vulnerable to erosion and water saturation. Coal tips can be more susceptible to landslides without plant roots to help secure the soil in position. (sciencedirect (2024))
Furthermore, ground vibrations caused by seismic activity can lead to the coal waste moving or sliding, particularly material that is loosely compacted. This increases the likelihood of coal tip collapse or landslide, especially near steeper terrains. (sciencedirect (2019))
3.3 Human Factors 
Aside from the natural factors affecting coal tip stability, human activities also contribute a significant impact on the stability of coal tips. Due to the nature of coal tips, they can be susceptible to disturbances and inappropriate management can result in safety hazards.
Continuing mining operations in proximity to coal tips may destabilise them by; disturbing the surrounding materials, thereby creating voids in the ground that can compromise the overall structural integrity of the coal tip, and through the operation of heavy machinery due to the weight and vibrations to the surrounding area. (the cannon yarder (2022))
Additionally, the improper management of coal tips is a contributing factor to the numerous failures and landslides that have transpired in Wales. This situation arises from a lack of monitoring, which consequently leads to the inability to address early warning signs, as well as inadequate drainage systems, resulting in the accumulation of water within the coal tip and finally, due to deforestation. (Dave Petley (2021)) 










4.0 CASE STUDY
Bedwas Colliery constitutes a 20-hectare coal/spoil tip that is a part of the historical mining heritage located within the Caerphilly Basin in South Wales. The Colliery commenced operations in 1913, yielding as much as 675,000 tonnes of coal annually before its cessation in 1985. The waste material and rock produced by the mining activities established the foundation of the current spoil tip. (EAGM (2023))
However, following the closure of the colliery, the tip was left largely unmanaged for several years. This unreclaimed tip may pose significant environmental and safety risks, as the material contained within it can be unstable, especially when exposed to weathering or other factors.
Further to the Aberfan Disaster in 1966, in 2020, because of Storm Dennis, a part of the upper Tylorstown Tip collapsed, resulting in damage to the local vicinity and raising concerns about the stability of other disused coal tips across Wales. Consequently, the Welsh Government formed the joint Coal Tip Safety Taskforce to evaluate the immediate risks associated with former coal tips. (rctcbc.gov (2024))
The Coal Tip Safety Taskforce concluded that Bedwas Coal Tip should be categorised as Category D, identified as “A tip with the potential to impact public safety, to be inspected at least twice a year.” 
The primary risks associated with Bedwas Coal Tip are identified as the potential of tip fire and the contamination of nearby watercourses (including the Rhymney River), with land stability being less of a concern. The existence of coal within the tip spoil is the primary factor contributing to both the risk of combustion and the pollution of watercourses. (CaerphillyObserver (2024))
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Figure 1 – Interactive Coal Tip Map – Bedwas Coal Tip
The UID identification number for the Bedwas Coal Tip is T49562. 




5.0 RISK ASSESSMENT 
The Bedwas Coal Tip has been identified as Category D, identifying it as a threat to communities and the environment. The primary risks associated with the Bedwas Coal Tip are the risk of combustion, and pollution in the nearby watercourses, with land stability being less of a concern.
The combustion of coal tips poses a considerable risk to the environment and the health and safety of local communities. Coal tips frequently comprise coal fragments, shale, and other materials, making them more susceptible to spontaneous combustion or deliberately ignited. (Law Commission(2021))
The environmental and human risks from spontaneous combustion include but are not limited to:
· Air Pollution – If coal tips catch on fire, they emit various hazardous gases and particulates into the air. These contaminants can deteriorate air quality, adversely impacting human health, vegetation, and wildlife;
· Fire Spread – The fire has the potential to spread over extensive regions of the coal tip, consuming substantial amounts of coal waste. Coal tip fires can be difficult to detect and control. This increases the risk of creating larger fires impacting adjacent properties, roadways, and transport systems, resulting in potential evacuations and possible loss of life or property; (iopscience (2021))
· Health Risk to Residents – Prolonged exposure to smoke and gas produced by a coal tip fire can exacerbate respiratory conditions like asthma and bronchitis in residents living nearby. Children, the elderly, and individuals with existing health problems are especially at risk; (rshq.gld (2021))
· High Remediation Costs – The expense of managing, remediating, or stabilising coal tip fires is substantial. Governments and local authorities might encounter significant financial pressures in tackling these fires, managing the environmental consequences, and rehabilitating impacted areas. (dabedan (2024))
The environmental and human risks from pollution to the watercourses include but are not limited to:
· Acid Mine Drainage (AMD) – One of the major environmental hazards linked to coal tips is the generation of AMD. This occurs when water encounters sulphide minerals in the coal waste, causing them to oxidize and release sulfuric acid into the environment. The acidification of watercourses can result in catastrophic effects on aquatic ecosystems and water quality; (ucsusa.org (2017))
· Risks to Aquatic Life – The leaching of heavy metals can be harmful to aquatic organisms, affecting their reproduction, growth, and survival. Elevated levels of metals like copper, cadmium, and zinc can harm fish and interfere with the physiological functions of aquatic life. Heavy metals can accumulate in the tissues of aquatic organisms, resulting in bioaccumulation and biomagnification within the food chain; (ucsusa.org (2017))
· Flooding Risks – Coal tips frequently do not have adequate vegetation or erosion management, which makes them susceptible to weathering and runoff during intense rainfall events. The coal spoil can erode and be transported by surface runoff into adjacent watercourses, thereby raising the sediment load in rivers and streams. Accumulated sediments can block waterways, increasing the likelihood of flooding downstream. This can result in damage to infrastructure, along with additional pollution from the release of confined contaminants during floods. (Law Commission(2021))
Furthermore, the environmental processes that lead to both combustion and pollution can weaken the physical structure of the coal tip through weathering, erosion, AMD, increased permeability, and loss of cohesion in the material, etc., which could result in potential collapsing, slumping, or other types of instability. Proper monitoring, fire control, and stabilisation measures are crucial to reducing further risks. (Sage Journals(2023))






















6.0 MANAGEMENT PLAN 
Short and long-term management of the Bedwas Coal Tip is crucial to minimise risks associated with potential combustion, contaminated watercourses, and potential landslides. 
Short-term management may involve routine inspections of the coal tip, examining for cracks, slumping, erosion, or unexpected movements. Modern monitoring techniques like InSAR, LiDAR, and GNSS can be utilised to observe ground movements. (Catapult(2021))
Implementing real-time monitoring of water and air quality surrounding the coal tips can assist in identifying the components that can lead to hazards such as pollution and combustion. Infrared thermometry can be used as a monitoring method for potential combustion, while in-situ sensors can be placed within the adjacent watercourses to assess different water quality parameters. (Olivier Carpentier(2023))
Long-term management of the Bedwas Coal Tip could entail regrading of the surface to show a flatter terrain, with the extraction of some coal waste to be substituted with new topsoil to facilitate the growth of vegetation which can help mitigate the likelihood of landslides. 
Other engineering methods can involve the use of geosynthetics such as geogrids and retaining walls to offer stabilisation on high-risk areas of the coal tip. (The Coal Authority, Tip inspection and management)
Additionally, a permanent drainage system can assist in controlling water runoff by redirecting the water away from the high-risk areas of the coal tip. This might include the installation of culverts, drainage ditches, or pipework that will divert the water to reduce the risk of erosion and saturation, which can affect the stability of the coal tip. (The Coal Authority, Tip inspection and management)













7.0 CONCLUSION 
To conclude the findings of this assignment, after the Aberfan disaster and the landslide in 2020 in Tylorstown, it is undoubtedly important for Wales to continue to monitor and stabilise disused coal tips to protect local communities, infrastructure, and the environment. 
Due to the history of coal mining in Wales in the 17th and 18th centuries and the lack of thought on the future risks coal tipping can impose, numerous coal tips are being discovered which are being identified as Categories C and D – the most at-risk.
There are numerous factors contributing to the destabilisation of these coal tips including geological i.e. steep topography, and loosely compacted soil beneath, environmental i.e. global warming causing increased periods of heavy rainfall and potential seismic activity,  and human activities i.e. operating heavy plant and machinery and improper management of the coal tips.
One selected of the many Category D coal tips is the Bedwas Coal Tip, which was formed during operation times (1913 – 1985)  from waste material being dumped and piled. On top of this, after the closure of the colliery in 1985, the lack of management for several years caused the environmental and safety risks it imposes today.
Although the primary risks associated with this coal tip are spontaneous combustion and pollution within nearby watercourses, there is a high risk this could further lead to the tip collapsing or sliding as the physical, overall structure of the coal tip can weaken significantly.
Short and long-term management measures must be put in place to heavily reduce the hazards from this coal tip, and others in Wales. Some of these include; modern monitoring techniques i.e. InSAR, LiDAR, and GNSS, Infrared thermometry, resurfacing and replacing the existing coal spoil to allow for flatter terrain and vegetation regrowth, installing retaining walls and geosynthetics on the high-risk areas of the coal tip, and implementing a sustainable drainage system to redirect any water accumulation. 
Finally, without the proper monitoring and maintenance of these disused coal tips in Wales, it is a fact that the environment, infrastructure, and people’s lives are in danger, and it could lead to the repeat of catastrophic events where even more loss can occur.
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