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Coal mining has been a cornerstone of industrial development for centuries, particularly in countries like the UK, China, and the United States (Yang, 2021). 
One byproduct of coal mining is the creation of “coal tips” or spoil heaps. These large piles of mining waste materials are known as spoil and are made up of things such as excavated soil, shale, rock and mudstone, organic matter and coal residue and are often formed on steep slopes (Cadierno, 2014). These materials are often not well compacted and if improperly managed, can become unstable and prone to collapse. 
Understanding the factors affecting coal tip slope stability are crucial for assessing potential risks and formulating strategies to prevent disasters such as the 1966 Aberfan tragedy, where a coal tip collapse caused the loss of 144 lives (BGS, 2024).
The following report will examine coal tip stability in detail including a case study of a coal tip as well as looking at coal tip risk assessments and management plans.
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Coal tips, as mentioned above, are mounds or piles of waste material generated during coal mining. They are formed through the deposition of these materials near mining sites, often loosely tipped without compaction, creating irregularly shaped heaps.
The process of creating coal tips historically involved minimal regulation or engineering oversight. Waste material was dumped progressively as mining advanced, frequently onto unstable ground or hillsides. This practice resulted in tips with poor drainage and a high risk of instability, especially when subjected to heavy rainfall or ground movement. (Davies, 2013).
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The formation of coal tips is closely tied to the rapid industrialisation of the 18th and 19th centuries, particularly in coal-producing regions like South Wales, the Midlands in England, and parts of Scotland. Coal was the driving force behind industrial economies, and large quantities of waste were a byproduct of this essential activity (Lancs.ac.uk, 2024). However, because the focus was primarily on maximising coal production, little attention was paid to the long-term safety and environmental impacts of tip creation.

The dangers of poorly managed coal tips were tragically highlighted by the Aberfan disaster of 1966. This catastrophic event occurred when saturated material from a coal tip liquefied due to a heavy rainfall event and slid into a Welsh village, killing 144 people, most of them children. The disaster exposed widespread deficiencies in tip management and led to increased public and governmental scrutiny of coal mining practices. (ICE, 2024).
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Managing coal tips is critical for safety due to the risks they pose, such as landslides, environmental hazards, and threats to nearby communities. These tips can become unstable due to factors like water infiltration, poor maintenance, or seismic activity. Proper monitoring, engineering assessments, and regular maintenance can mitigate risks, ensuring stability and preventing catastrophic events (Donelly, 2020). As well as posing a significant safety risk, these tips also pose a great environmental hazard through contamination of water, damage to local ecosystems as well as the visual and land use impacts. It is therefore essential stringent management practices are put in place to prevent failures and protect both communities and ecosystems.
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Coal tip stability is significantly influenced by geological factors, including the composition and structure of the underlying ground, the nature of the deposited waste material, and water infiltration. Weak or fractured bedrock, steep slopes, and the presence of clay or other low-strength soils can reduce stability. Additionally, variations in particle size and compaction within the coal tip can lead to uneven settling or collapse. Water infiltration, caused by heavy rainfall or poor drainage, reduces material strength and increases the risk of landslides. Seismic activity and subsurface mining voids also exacerbate instability risks (Holubec, 1976). Effective management requires understanding these factors through detailed geological surveys and stability analyses.
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Environmental factors play a significant role in coal tip stability, with rainfall, drainage, and vegetation being key considerations. Heavy rainfall and inadequate drainage systems increase water infiltration, elevating the pore water pressure hence reducing the strength of the coal tip materials (Zhang, 2021).
Freeze-thaw cycles as mentioned by Zhang et al, 2014 impact the pore water pressure within the soil, especially in colder climates which can exacerbate erosion and destabilisation due to the repeated expansion and contraction of spoil materials. 
Vegetation can have mixed effects, roots may provide reinforcement to slopes, but decaying organic matter could enhance water retention and reduce stability. Wind erosion may also affect poorly compacted tips, especially in dry environments but is less common in South Wales (Younger, 2004).
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Human factors can have a big impact on coal tip stability, mainly through site selection, construction methods, and ongoing or lack of site maintenance. Poor initial site selection, such as placing tips on unstable or waterlogged ground, is one of the main risks when considering coal tip location (Law commission, 2022).
Inadequate compaction or improper layering during construction can lead to internal weaknesses. This combined with lack of maintenance, including failure to manage drainage systems or remove accumulated water, further weakens coal tip stability. Additionally, activities like nearby mining or construction activities can disturb the ground and trigger instability. 
Historical incidents, like the Aberfan disaster, highlight the consequences of neglecting these factors, emphasising the need for strict regulatory oversight and regular monitoring (Younger, 2021).
Unfortunately, when most of these tips were created, little attention was paid to the above-mentioned criteria.
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The below case study is of a coal tip located in Tylorstown in Rhondda Cynon Taff, South Wales (See figure 1). 
The coal tip is left over from the Tylorstown colliery pits 6,7 and 8 which ceased operation in 1936 (Welsh coal mines, n.d.). This coal tip has a significant history tied to Wales’s coal mining legacy. The tip is located less than 200m from the Rhondda fach river and only 250m from the local community of Tylorstown itself. The larger tip is effectively made up of two smaller tips, a Category D tip UID T64693 and a category C tip UID T29815 (Please see figure 1 for more information).
It became a prominent site of concern after a landslide during Storm Dennis in February 2020, which caused a slip at the Cat D tip where approximately 60,000 tonnes of spoil to slide into the Rhondda Fach River, blocking it and highlighting the key safety vulnerabilities of these structures. This incident prompted immediate remediation efforts and long-term discussions about coal tip management in Wales. (Welsh government, 2021).
The site reflects the broader challenges of managing disused coal tips, particularly with increased risks from climate change and extreme weather events like heavy rainfall. 
These events can exacerbate existing stability issues, particularly in tips with inadequate drainage or compaction, as seen at Tylorstown.
In response, a comprehensive remediation plan was initiated, including spoil removal and improving drainage systems to prevent future incidents. However, the project highlighted gaps in existing legislation and funding, which led to calls for improved policies and financial support from both Welsh and UK governments for long-term safety measures (welsh government, 2024)
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Figure 1 – Cat C and D coal tips (Cat C blue annual inspections required, Cat D in purple bi annual inspections required) Coal tip UID T64693, Cat D – Tylorstown Rhondda Cynon Taff (welsh government, 2024).
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Figure 2 – Tylorstown tip (Google, 2024).
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Figure 3 – Tylorstown coal tip slip after storm Dennis 2020. (BBC, 2020)

Before / after Pictures of the landslip via google earth can be found in the appendix section of this report.
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The Tylorstown coal tip suffered from several stability issues that culminated in the above-mentioned incident. Key factors contributing to its instability included:

Water Saturation and Drainage Failures: Prolonged and intense rainfall during the storm led to water infiltration into the tip. Poor drainage systems allowed water to accumulate, increasing pore water pressure and reducing the strength of the spoil material. This was a critical trigger for the landslip (Welsh government, 2021).

Structural Weakness: The coal tip was composed of loose spoil material from mining operations, which lacked the compaction and stability necessary to withstand extreme weather. This made it vulnerable to slippage when exposed to heavy rain and water saturation (Welsh government, 2021).

Lack of Modern Risk Management: Historical coal tips, like the one at Tylorstown, were created without adherence to modern engineering and safety standards. The absence of systematic monitoring or maintenance increased the vulnerability of the tip to the storm (Welsh government, 2021).

Steep Slopes and Historical Construction Practices: The tip’s steep slopes and historical construction practices made it inherently unstable, particularly under the additional weight from waterlogged spoil during storm Dennis (Welsh government, 2021).

The heavy rainfall from Storm Dennis in 2020 combined with the above factors ultimately led to the collapse of this tip. The Tylorstown landslide highlighted the need for robust monitoring and maintenance of coal tips across Wales, many of which are just as vulnerable. It also raised awareness of the historical neglect of these industrial legacies and the importance of safeguarding communities in areas with similar risks.
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The Tylorstown coal tip like other disused coal tips in South Wales, presents various risks to the local community, infrastructure, and environment due to its history from coal mining operations. Prior to any remedial works taking place a risk assessment on the various impacts of this tip should be carried out to determine the level of risk to be managed. The risk assessment for Tylorstown tip has been added to the appendix of this report due to its size and orientation (Appendix 1). 
Detailed explanation of the mitigation within the risk assessment will be included in a table in section 6 of the management plan section below.
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	Short-Term Management Plan (Up to 5 Years)

	

	Regular Monitoring and Inspections

	Conduct frequent geotechnical surveys and geodetic monitoring to assess tip stability, especially after heavy rainfall events. Install sensors such as inclinometers to monitor ground movement, piezometers for soil saturation and V notches for water level monitoring. Implement a regular weekly regime where data can be analysed real time such using Microsoft PowerBi where trends in data can be easily identified, and issues identified early on.

	

	Improved Drainage Systems

	Clear existing drainage channels to prevent waterlogging and install temporary diversion channels or culverts to redirect stormwater away from the tip. This can be linked to a regular weekly maintenance planner to ensure these are regularly kept clear.

	

	Vegetation and Erosion Control

	Plant grass, shrubs, or trees with deep root systems to stabilize the soil as well as using geotextiles to reduce surface erosion on very steep slopes.

	

	Emergency Response Planning

	Develop and communicate a community evacuation plan. Train local authorities and emergency responders in landslip scenarios. Stockpile materials (e.g., sandbags, barriers) for rapid deployment in emergencies. These are especially critical around high-risk tips. Early warning systems are also essential to allow local authorities / emergency services time to enact their incident response plans.

	

	Community Engagement

	Educate the public on warning signs of instability (e.g., unusual ground movement, cracks) and maintain transparency about monitoring efforts and risks to give confidence to the public that there is a plan in place for these scenarios.

	

	Initial Engineering Works

	Implement baseline surveys to identify the current state of the coal tip and its associated risks. This can then lead to things like reprofiling of unstable sections of the tip to reduce slope angles or installations of retaining structures like gabion walls or rock-filled barriers where appropriate.




	Long-Term Management Plan (5+ Years)

	

	Permanent Drainage Infrastructure

	Construct robust drainage systems, including underground pipes and French drains, to manage water infiltration as well as incorporating stormwater retention basins nearby to handle heavy rainfall.

	

	Slope Stabilisation

	Use advanced stabilisation techniques like soil nailing or installing soil anchors to secure the tip slope. Excavation and redistribution of material to create a more stable and uniform slope can also be an option although this may be difficult on large tips.

	

	Tip Remediation or Removal

	Evaluate options for partial or complete removal of unstable material as well as repurposing safe portions of the tip into usable land (e.g., parks or wildlife reserves).

	

	Environmental Restoration

	Remediate contaminated soils and waterways affected by tip runoff. Rehabilitate the area by planting native vegetation and creating habitats.

	

	Technological Integration

	Use drones or satellites for long-term aerial monitoring of tip stability and deploy automated early warning systems for real-time alerts to local authorities and residents.

	

	Policy and Regulation

	Establish stricter regulations for coal tip maintenance in collaboration with local councils and secure government funding for long-term stabilisation projects.

	

	Improved understanding of the tip

	Detailed investigations of the coal tip will be needed to inform a better understanding of its condition, this may involve desktop-based studies of the underlying geology, or ground penetrating radar to determine the makeup of the tip itself. The more we understand about the makeup and condition of the coal tip the better decisions we can make going forward as there will be a lot of information we simply do not know about the tip.
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Potential engineering solutions 

Drainage Engineering
Install French Drains or other subsurface drainage systems to channel water away from the tip, other options could include installing geotextile membranes or layers of gravel or sand to allow controlled water flow and prevent saturation of the tip material.

Slope Stabilisation
Options such as regrading by reducing the steepness of slopes to distribute weight more evenly, as well as soil nailing which reinforces the slope with steel rods to improve strength.
Another option may be retaining structures such as retaining walls, gabions, or reinforced earth structures to support slopes and provide additional stability to the tip.

Ground Improvement Techniques
Techniques such as grouting by injecting cement or resin into weak areas to solidify the ground and geotextiles placed between soil layers to prevent erosion and provide stability like the drainage option above.

Landslide Barriers
Install catchment barriers at the base of the tip to contain debris in the event of a slip.

Material Removal
Depending on the size of the tip, excavating and relocating high-risk sections to a safer location, reducing weight and instability.

A combination of immediate stabilisation, robust drainage, and long-term engineering solutions are essential to enhance the safety of the Tylorstown coal tip. Regular monitoring and community engagement will ensure that the local infrastructure and environment remain protected from future risks.
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Effective management of coal tips involves regular monitoring, proactive maintenance, and mitigation strategies to ensure safety and environmental compliance. Below are key practices which will assist with coal tip management:


Monitoring Practices

Regular Visual Inspections
Routine visual inspections are essential for identifying signs of instability, such as cracks, slumping, water pooling, or changes in vegetation. Systematic recording of these observations ensures progressive deterioration can be tracked and addressed promptly (Welsh government, 2021).
Geotechnical Surveys
Advanced technologies like drones and lidar can monitor surface changes, while borehole drilling and soil sampling assess the internal structure of coal tips (Foster, 2021).This combination enables early detection of potential hazards.
Rainfall and Hydrology Monitoring
Installing rain gauges and water flow sensors helps assess the impact of heavy rainfall, which is a critical trigger for coal tip movements. Monitoring groundwater levels and drainage systems also helps prevent saturation, a common cause of instability (Welsh government, 2021).
Instrumentation
Tools such as inclinometers and piezometers measure ground movement and water pressure within tips. Real-time monitoring systems can provide early warnings for high-risk tips, reducing disaster risk (Shaw, 2020).
Risk Mapping
Regular updates to hazard maps, integrating geotechnical data and recent rainfall patterns, enable prioritization of high-risk tips. Such mapping helps allocate resources efficiently to areas of greatest need (Foster, 2021).

Maintenance Practices

Drainage Systems
Proper drainage is critical to coal tip stability. Regular maintenance of surface and subsurface drainage systems prevents water accumulation, which can trigger tip failures. Blockages in culverts and pipes must be addressed promptly (Welsh government, 2021).
Slope Stabilisation
Vegetation planting, particularly with deep-rooted species, can improve slope stability. In high-risk areas, retaining structures or geotextiles may be necessary to reinforce slopes (Shaw, 2020).
Erosion Control
Measures such as repairing eroded gullies, applying geocells, or using riprap materials can reduce surface erosion and protect slopes (Welsh government, 2021).
Waste Removal and Tip Regrading
Removing unstable material or excess weight from high-risk tips can enhance stability. Regrading to gentler slopes aligns with modern engineering standards and improves resilience to environmental stresses (Foster, 2021).This occurred in the Tylorstown case study where the section of tip that failed was removed and the area re graded.
Emergency Access and Response Preparedness
Maintaining access roads for emergency response teams and updating emergency action plans ensures timely intervention in the event of instability or collapse. Engaging with local authorities and residents enhances preparedness (Welsh government, 2021).
Community and Environmental Considerations
Community engagement is vital to maintain public trust and awareness. Regular updates on tip safety and planned interventions should be shared with residents (Welsh government, 2021).
Documentation and Compliance
Detailed records of inspections, monitoring data, and maintenance activities are essential to track progress and ensure compliance with regulations (Law commission, 2022). Adhering to guidance from Natural Resources Wales, the Welsh Government, and the Coal Authority ensures that management practices meet legal and safety standards (Welsh government, 2021) (Law commission, 2022).
This proactive and systematic approach ensures the safety of coal tip sites, reduces environmental risks, and helps prevent disasters such as landslides.
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Coal tips are a massive part of South Wales’s history, and although they were sometimes an afterthought when the industrial revolution was in full flow, they are very much at the forefront of many local communities today, especially with the ever-changing climatic conditions we are currently experiencing.
As mentioned above with the Aberfan disaster and the more recent Tylorstown slip, Welsh government are now taking the management of these coal tips very seriously as per the independent review of coal tips instructed by Welsh government in 2020. 
This independent investigation has led to several measures such as the creation of a supervisory authority dedicated to overseeing the management of all coal tips within South Wales, a designated risk register for coal tips, a legislation to input uniform guidelines for monitoring, maintenance and compliance as well as implementing a transparent collaboration with local stakeholders to establish trust and enhance safety within the local communities.
The latest measures are a definite welcome addition in recognition of the dangers these structures pose to local communities within South Wales, however, more could be done.
More research can be focussed on detailed rainfall monitoring with links to remote sensing equipment within these tips to establish early warning systems for local communities nearby to high-risk coal tips. This may prevent future disasters by allowing early evacuations of communities during particularly bad storm events in the future. There can also be more collaboration between other similar well established government regulations such as the Reservoirs act 1975, which has strict guidelines for monitoring and maintenance already in place for similar structures that could easily be adopted.
The ever-changing weather conditions and heavier more frequent rainfall events will only impact these structures more as time goes on and it is essential that we take the monitoring and maintenance of the coal tips of South Wales extremely seriously to prevent any future disasters.
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To carry out the assessment there are 5 key parameters to be considered; 1. Change in risk to the Coal tip and therefore landslide, 2. Environmental degradation.  3. Structural degradation, 4. Health and safety risks, 5. Economic impacts. If all risks come out as low (green) then it may require less supervision. Medium risk (yellow) requires additional supervision. High risk (red) will likely require significant supervision and immediate action to resolve.

	Parameters
	1.
	2.
	3.
	4.
	5

	Likelihood


	5
	10
	15
	20
	25

	
	4
	8
	12
	16
	20

	
	3
	6
	9
	12
	15

	
	2
	4
	6
	8
	10

	
	1
	2
	3
	4
	5

	
	Consequence



NOTE: This is not a comprehensive risk assessment considering all hazards but is about highlighting any key risks 

The below Risk assessment has been created for the Tylorstown coal tip but can be applied to other tips of similar nature.

	Risk
	Hazard
	Impact
	Initial Risk Scoring
(Likelihood x Consequence)
	Mitigation
	Post Risk Scoring

	Landslides and Slope Instability
	Heavy rainfall, erosion, or poor drainage can cause the spoil heap to become waterlogged, increasing the risk of landslides or slippage.
	Damage to homes, roads, and infrastructure near the tip. Potential for loss of life if large scale movement occurs, displacement of residents and disruption of transport links are also likely. The severity of these events is extreme and ever increasing due to more frequent weather events.
	L 3 x C 5 = 15 
	Regular Monitoring and Inspections,  Improved Drainage Systems,  Emergency Response Planning, Slope stabilisation
	L2 x C5 = 10 

	Environmental Degradation


	Runoff from the tip can leach heavy metals and other pollutants into the soil and nearby rivers
	Contamination of local rivers and streams, harming aquatic life and affecting water quality. Soil contamination could affect local agriculture and wildlife as well as impacting the visual landscape. This is an ongoing risk but not as severe as the leaching of these heavy metals is likely to have occurred over the many years the tip has been in existence, however close monitoring is essential.
	L3 x C3 = 9
	Regular Monitoring and Inspections, Environmental restoration
	L3 x C2 = 6

	Structural Degradation Over Time
	Aging infrastructure and lack of proper maintenance may weaken the coal tip over time, increasing the risk of collapse the older the tip gets
	Increasing costs for long-term monitoring and potential mitigation measures. Risks of sudden structural failure, particularly in extreme weather conditions will be become more frequent and therefore posing a significant risk.
	L 3 x C 5 = 15 
	Regular Monitoring and Inspections,  Improved Drainage Systems,  Emergency Response Planning, Slope stabilisation, Landslide barriers, Technological integration of monitoring
	L2 x C5 = 10 

	Health and Safety Risks 
	Landslides or pollution could pose direct threats to public health.
	Dust and airborne contaminants from tip material may cause respiratory issues. Psychological stress for local residents living under the constant risk of disaster, especially with ever increasing extreme weather events.
	L2 x C5 = 10
	Community engagement,  Emergency Response Planning,  Improved Drainage Systems, Policy and regulation, material removal
	L3 x C2 = 6

	Economic Impacts
	Land-use restrictions and environmental risks could hinder local development
	Devaluation of property near the tip. Costs associated with maintenance, emergency response, and relocation of affected communities
	L2 x C2 = 4
	Community engagement, Regular monitoring and inspections, policy and regulation
	L21 x C2 = 2



Appendix 1 – Tylorstown coal tip risk assessment
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Google earth 2018 – Pre landslip NW section of tip. (Google earth, 2018)
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Google earth 2020 Post landslip – NW part of the coal tip collapsed. (Google earth, 2020)
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Google earth 2024 Current conditions after remedial works and NW slip removal. (Google, 2024).
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BGS – Map of Tylorstown tip (Red Outline) with slip location (Blue dot) showing nearby watercourses and population, also note the contour lines of up to 410mAod indicating a sharp rise in elevation and the steep gradient of the tip. ( (Mining remediation authority, 2024)
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