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[bookmark: _Hlk153277828][bookmark: _Toc185869198]1. Introduction
Wales has been the focal discussion about coal stability since the Aberfan disaster in 1966 (The Aberfan disaster, 2024). Following the landslide in Tylorstown in 2020 (Tylorstown landslide, 2020), the Welsh government started acting by assessing all the coal tips based on their level of risk. Recent government assessments have identified 350 coal mines as 'Category C' or 'Category D,' meaning they are high-risk sites. (Coal tip safety, 2024).Image 1 - Coalfields of Great Britain 19th Century (BBC Bitesize, 2023)

Coal tips were a large part of the mining industry with very limited consideration of the coal tip's stability. Coal tip stability is a critical environmental and safety consideration for residential areas given the increase in heavy rainfall and the coal tips' stability provisions.  
As highlighted in the 2 disasters above, unstable coal tips can result in catastrophic events, putting communities in danger they may be unaware of. For local communities and safeguarding human health, coal tip stabilization is imperative to minimize any future implications. 
This report will investigate the different coal tip stabilisation methods that could be used for a site that has been identified as a ‘Category D’ high-risk coal tip. It will also look at the different geological, Environmental and human factors that contribute to affecting coal tip stability. To complete I will establish a management plan for coal tip stability.
[bookmark: _Toc185869199]2. Coal Tip Background
The history of coal production within Wales dates to the 1200s and 1300s. The mining industry increased during the Industrial Revolution which began in the mid-1700s, thus making Britain's economic growth substantial. The key purpose of producing coal was for the use of heat to produce key materials for the development of different industries. (Coal and Wales, 2024)
Coal tips are formed from the waste material produced by mining coal. During the Industrial Revolution, there were three types of mines, patching mines, drift mines or shaft mines. The production of coal causes a waste product of Coal refuse. Coal refuse is the makeup of of all the different materials from coal mining, including coal waste, rock, slag, coal tailings, waste material, rock bank, culm, boney, or gob (Coal refuse, 2024). 
Definition of a coal tip: A coal tip is made up of waste material from coal mining. (Find disused coal tips, 2024)
During coal production in the Industrial Revolution, there was no consideration of the impact that the tips could have and no consideration of the stability of the waste material. The key focus was purely on extracting coal for the use of a cheap energy source, the impact of this lack of consideration has a large environmental impact.
[bookmark: _Toc185869200]3. Factors affecting Coal Tip stability
[bookmark: _Toc185869201][bookmark: _Hlk185679351]3.1. Geological Factors
Understanding the geological factors around a coal tip is essential for managing its stability and ensuring the safety of nearby communities and the environment. Several geological factors can directly impact a coal tip's stability, including:
Rock Type and Composition
The type of rock and its composition play a major role in determining the stability of a coal tip. Harder rocks, provide more stability, while softer rocks are more likely to decompose. Coal tips are often made of a mix of different materials, and weak points can form where hard and soft rocks meet, potentially causing instability.
Water Content
When the materials in a coal tip mix with water, the added moisture increases the weight of the tip and reduces friction between particles, weakening its structure. High water content is a common cause of coal tip failure, especially when the materials are poorly compacted. 
Slope Angle
The steeper the slope, the less stable the coal tip becomes. Coal tips should be built at an angle that matches the natural repose angle of the material, which can be affected by factors like compaction and water content.
Faults and Fractures
Geological weaknesses like faults and fractures can create pathways for water to accumulate. As water seeps into these fractures, it can increase the moisture content in specific areas, oversaturating the coal tip.
[bookmark: _Toc185869202]3.2. Environmental Factors
Environmental factors are important for predicting potential hazards and putting safety measures in place. Here are some key environmental factors that can directly affect coal tip stability:
Weather conditions
Weather patterns can increase the water content within coal tips. Long or intense periods of wet weather can saturate the tip, weakening the materials and causing failures due to saturation of the mixture of materials.
Vegetation cover
Plant roots help hold the soil and coal materials together, reducing erosion and providing natural support to the coal tip’s structure. Having vegetation also helps stabilize the tip during rainfall.
Temperature fluctuations
Changes in temperature cause the materials within coal tips to expand and contract. This can create cracks and fractures, weakening the coal tip’s structural integrity.
Wind erosion
Strong winds can increase surface erosion on coal tips. Without enough vegetation or protective cover, wind can blow away fine particles from the surface, causing the tip to become unstable over time.
[bookmark: _Toc185869203]3.3. Human Factors
Human factors play a big role in the stability of coal tips. Here are some key factors that can affect their stability:
Mining Practices
Poor mining methods, not compacting waste material properly or layering it incorrectly, can create weak spots in the coal tip. Overlooking the coal tip’s structure during mining can increase the chances of failure, especially when extreme weathering takes place such as heavy rain fall.
Land Use and Development
Large construction projects, with heavy machinery and traffic, can cause vibration in the ground and destabilize the tip. Excavation and other earth-moving activities related to development can also disturb the tip’s foundation.
Monitoring and Maintenance
If the conditions around the coal tip, like water levels, erosion, or the overall structure, are not regularly checked, issues can go unnoticed and worsen over time.
[bookmark: _Toc185869204]4. Case Studies
Coal tips are common features across Wales, especially in the Rhondda Valley, which has the second-highest number of coal tips in the country, with a total of 331. However, Rhondda has the highest number of ‘Category C’ and ‘Category D’ coal tips, totaling 83 (Coal tip safety, 2024). The largest ‘Category D’ coal tip in the Rhondda Valley is located in Treorchy, just after the Abergorky Colliery. The following information focuses on the Abergorky coal tip, reviewing its current geological, human, and environmental characteristics.
Abergorky Colliery opened in 1884. In 1943, it set a productivity record for South Wales and was nationalized in 1947. By 1961, it employed 2,174 workers and produced 515,000 tons of coal annually. The colliery mined the Abergorky and Gorllwyn seams before it closed in 1935 and was abandoned in 1938. (Abergorki, 2024)Image 2 - Abergorky Colliery -     (Abergorki, 2024)


Coal Tip Information: 
Coal Tip UID: T54048
Town: Treorchy
Colliery Name: Abergorky Colliery
Authority: Rhondda Cynon Taf
Location: X: 295,995 Y: 198,076.2

Image 4 – Ariel Map - (Digimap, 2024)
Image 3 – Ordnance Survey Map –        (Digimap, 2024)







Geology - Rock Unit – Bedrock


Comparing geological maps helps in understanding how the soil tip has changed over time, including its growth, vegetation, and any signs of instability or movement. Historical data is crucial for creating a management plan for the coal tip to ensure its long-term stability. The following images show geological maps from the 1880s to the present day.Image 6 – 1900s Historic Map –              (Digimap, 2024)
Image 5 – 1880s Historic Map –              (Digimap, 2024)
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Description automatically generated]Image 8 – 1930s Historic Map – (Digimap, 2024)
Image 10 – 1960s Historic Map – (Digimap, 2024)
Image 9 – 1940s Historic Map – (Digimap, 2024)
Image 7 – 1920s Historic Map – (Digimap, 2024)








Image 11 – 1980s Historic Map – (Digimap, 2024)


The historical maps show how Abergorky Quarry developed and grew, both geologically and economically. They show the rise in residential housing from Image 5, when the coal mine first opened, to Image 8, the decade the mine closed. Over this time, housing grew significantly, which means the risk of stability issues is now higher if any failure were to happen.
The most important point highlighted in the images is the scale and volume of the coal tips and how they expanded while the mine was operational. The images below show how far the coal tips stretched and their growth. What's critical about the coal tips is their location – sitting on a steep slope with a 150m elevation change over a 300m to 400m distance.
Image 12 – 1870s Coal Tips –                      (Digimap, 2024)
Image 13 – 1960s Coal Tip –              (Digimap, 2024)
















Additional geological details (See Image 14) show that the bedrock at Abergorky Colliery consists of the Rhondda member and the South Wales upper coal measures formation. 
Both formations are made up of mudstone, siltstone, and sandstone, which are known for their low permeability, meaning they don’t allow water to pass through easily. This can lead to ponding, which is a concern for the stability of the coal tips, as it can cause them to become more saturated and weaken the bond between the different materials.
For the permeability of the bedrock around the Abergorky Colliery, refer to Image 15.
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Description automatically generated][image: ]Image 15 – Permeability - (Digimap, 2024)
Image 14 – Bedrock - (Digimap, 2024)












Linear features can have a big impact on the stability of a coal tip. Abergorky Colliery was built in an area with several linear features, such as faults, marine bands, and coal seams. Refer to Image 16 which shows the linear features located at the Abergorky Colliery.
There's an inferred fault to the southeast of the old colliery, which could affect the coal tips. If the earth’s crust shifts, it could disturb weak ground, and since the compaction of the coal tips is uncertain, they might become unstable.
Marine bands can also affect the coal tips due to their ability to hold water and saturate the coal tips.
The area around the old colliery is full of coal seams, which makes sense for coal production, but these seams can influence the coal tips too. The voids beneath the surface could cause the underground pressure to collapse, leading to movement in the coal tips.




Image 16 – Linear Features - (Digimap, 2024)










A key factor that makes the coal tips at Abergorky Colliery a high-risk area is the number of watercourses running through the site, which could threaten the stability of the coal tips. The bedrock's low permeability means these watercourses are naturally formed and flow towards the local Rhondda River (Afon Rhondda Fawr).
Refer to Image 17, which shows the watercourses, primarily located to the north of the old colliery.
Image 17 – Watercourses – (Digimap, 2024)












 
[bookmark: _Toc185869205]5. Risk Assessment
The Abergorky coal tip is a high-risk area because of its geological, environmental, and human factors. The coal tip is located on steep slopes and surrounded by features such as faults and coal seams, which make it more susceptible to instability. Looking into the historical data, geological maps, and the current state of the area, it is imperative that a management plan is required. Below are the main risks related to the stability of the coal tip at Aberqorky Colliery.
The coal tips are located on a steep slope, which is a big factor in the risk of landslides or tip failure. Coal tips on these slopes are more likely to slide, especially with weather conditions like heavy rain and strong winds, which make them more vulnerable to the elements. The likelihood of this failing is dependent on the compaction of the soil tips, the severity if a failure were to happen would be severe given the valley location of the tip.
Since the closure of Abergorky Colliery limited vegetation cover surrounding the coal tip areas, which increases the risk of soil erosion and reduces the stability of the coal tips. Vegetation helps bind the soil, preventing erosion and maintaining the cohesiveness of the material. 
The coal tips are vulnerable to filtering harmful substances into the surrounding environment. There are several watercourses running through the site, including streams that feed into the Rhondda River. These watercourses could cause further instability by saturating the coal tips, weakening the structure, and potentially carrying contaminants into the local water system, which poses both environmental and health risks.
Coal seams can weaken the ground and lead to collapsing due to ground pressures. The result can be displacement or instability in the coal tips, which could move or collapse unexpectedly. The likelihood of failure in a coal seam is unlikely due to the number of variables.

[bookmark: _Toc185869206]6. Management Plan
This management plan aims to reduce risks and put strategies in place to improve the stability of the coal tips at Abergorky Colliery. The plan will focus on four main areas: Geological and Structural Mitigation, Water Management, Environmental and Vegetation Management, and Human and Community Safety and what can be done in the short-term and long-term to increase the stability.
Geological and Structural 
Implement slope stabilization techniques, by reinforcing the coal tip by adding soil anchors in specific locations to prevent sliding. This strategy is preferred to a retaining wall method because of the scale of the coal tips, the cost of a retaining wall construction would be significant.
Setting up geotechnical monitoring systems to detect any movement or shifts in the coal seam or surrounding rocks. This is to understand whether ground movement is occurring and whether any movement is currently occurring, these monitoring systems should coincide with regular inspections.
Water Management
Improve surface and subsurface drainage systems to direct water away from the coal tip. This would include the installation of drains, ditches, or culverts to manage surface runoff. Directing and limiting the chance of surface water pooling would reduce the likelihood of over saturating the soil tip.
Regular water testing to monitor for acidity or leachates that may be affecting the watercourses near the coal tip. This can be done by installing sediment traps and filtration systems along the watercourses to limit the spread of contaminants to the Rhondda River.
Environmental and Vegetation Management
Vegetation restoration can aid in stabilizing the coal tip by planting shrubs/trees that can help bind the soil and reduce erosion. 
Soil compaction to improve its ability to support vegetation and prevent erosion. Use erosion control blankets or mulching in areas without vegetation and conduct regular soil testing to assess contamination levels.
Human and Community Safety:
Issue the development plan to limit the risks to the local community to highlight the potential hazards and the mitigating actions against the risk. The development plan should include high-risk/ medium-risk and low-risk zones for any potential risks. 
Develop emergency evacuation plans for localized residential areas, highlighting the risks during severe weathering where the coal tips are most at risk.
Short-Term Actions (0-12 Months):
· Install geological monitoring systems
· Improve water drainage
· Water quality testing/monitoring
· Start the restoration of vegetation
· Communicate with the local community to highlight risks and mitigation.
Long-Term Actions (1-5 Years):
· Installation of soil anchors following geotechnical surveys and recommendations
· Continue geological monitoring systems
· Continue water quality testing/monitoring
· Review the vegetation implementation
[bookmark: _Toc185869207]7. Conclusion

Understanding the Abergorky coal tips with reference to historic data and the understanding of different factors affecting coal tips, it’s evident that the coal tips present significant stability. The Abergorky coal tips are subject to a combination of geological, environmental, and human factors, being located on steep slopes with soft rock layers and surrounding fault lines. With the uncertainty of historical mining practices, including inadequate compaction and waste management, it’s unclear exactly the level of risk each coal tip is under.
The risk of failure at the Abergorky coal tips is particularly concerning due to the presence of watercourses, which can saturate the coal tips and make landslide prominent. Following the research, it is clear that the water is the main risk that impacts coal tips. By increasing the watercontent between the different materials the cohesive reduces making the coal tip weaker. 
A management plan is essential not only to the Abergorky coal tips but is essential for all ‘Category C’ or ‘Category D’ coal tips to address the all the risks. Vegetation and drainage systems are two main mitigating factors to stabilise the coal tips. Other engineering solutions are suitable, but cost may out way the feasibility of the project.
The Main reason for the stabilisation of the coal tips id for the human and community safety, all stabilisation of coal tips should always consider the impact to the human safety in mind. 
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