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[bookmark: _Toc218878797]1.1 The civil engineering relevance of coal tip stability.
When considering the leftover coal tips in South Wales, the primary concern is their stability, given past catastrophic failures. Calculating the likelihood of failure within the tips would be an engineer's task. Their job would be to monitor and report on any changes to ensure that remediations can be implemented to prevent a catastrophic outcome such as the disaster explained in (Mclean, 2007).

[bookmark: _Toc218878798]1.2 Risks posed by unstable tips to infrastructure 
There are many risks that have proven to be detrimental to communities surrounding coal tips. They have proved to be dangerous and inconvenient. The main areas affected by these coal tips are roads, bridges, utilities, and housing.
Roads and bridges can be significantly affected by landslides from coal tips (MS, 2022). Landslides can destroy roads, damage bridge foundations, and render certain routes impassable.
Utilities such as pipework, cables, and watermains can be ruptured or buried by sliding debris, preventing areas from continuing to function, even temporarily; this can be extremely detrimental to the way people live.
Housing can be affected if it gets buried under heavy loading or damaged by moving debris. This directly impacts their overall lifespan. An example of the destruction these coal tips can cause is the Aberfan disaster (Mclean, 2007), which occurred in 1966. This incident occurred when heavy rain caused a significant collapse. Which ended with the destruction of multiple houses and a school.   
[bookmark: _Toc218878799]1.3 The purpose and scope of the report.
The main purpose of this report is to analyse and assess the stability and overall conditions of the coal tip (UID: T96205) located within the Rhondda Cynon Taf authority area. The aim is to evaluate the potential risks posed by the tip to nearby infrastructure, the environment, and surrounding communities. The scope of this report includes reviewing recent inspection data, identifying signs of instability or surface movement, and furthermore determining whether further monitoring or remedial works are required to ensure continued safety.
This report will also take into account the historical context and current site conditions to provide a clear understanding of how factors such as rainfall, ground saturation and vegetation growth will influence a coal tip's performance. The findings will further help inform appropriate engineering recommendations, management actions and maintenance strategies to mitigate any identified risks and to comply with safety and environmental standards
[bookmark: _Toc218878800]2.0 Background
[bookmark: _Toc218878801]2.1 Coal tips and outline on their formation from an engineering and geological perspective
Coal tips are manmade accumulations of the waste materials produced during coal mining excavations. These materials typically consist of “shale, sandstone, clay, and ironstone” (Lee, 2023) as well as residual coal fragments removed during coal extraction and processing. From a geological perspective, their composition can vary with the exact site of extraction, owing to differences in local strata across South Wales.
From an engineering perspective, coal tips are essentially large earth structures constructed without rigorous design and without suitable compaction methods used in modern construction. They were often formed by progressive dumping of waste on steep slopes or on valley sides. Over time, these loosely compacted materials can become unstable, a process that is most pronounced when they are saturated by heavy rainfall. This is due to water infiltration, which increases pore water pressure and reduces shear strength. The combination of weak bonding between materials and poor drainage makes them highly susceptible to erosion, slippage, and in the most extreme cases, catastrophic collapse as previously mentioned.
[bookmark: _Toc218878802]2.2 The historical development of coal tips in South Wales and past failure incidents. 
Coal tips are an enduring legacy of South Wales’s industrial past, as the region was the world's largest coal exporter for a period (Wanhill, 2000). Making the mining areas in South Wales some of the most productive worldwide. However, during the height of coal production, the extreme extraction of coal led to the routine deposition of colliery waste on hillsides due to limited space in the steep, narrow valleys. Throughout this period, it appears that little to no consideration was given to long-term stability or to the environmental effects (Gov UK , 2020), as the primary focus was on efficiency rather than on safe disposal methods.	
[bookmark: _Toc218878803]3.0 Engineering Factors Influencing Stability
[bookmark: _Toc218878804]3.1 Geotechnical conditions
Geotechnical conditions play a major role in the stability of coal tips. In South Wales, the tips were constructed from colliery waste; they were formed with little regard for safety over many decades, without any remediation. This spoil is highly heterogeneous, consisting of materials such as shale, mudstone, sandstone fragments, coal fines and clay. As a result, the combined materials exhibit low shear strength, which is further reduced upon saturation. Long-term weathering and degradation of materials leave them in a weakened state. This is problematic for several reasons, including the frequent placement of tips on sloping valley sides.
[bookmark: _Toc218878805]3.2 Hydrological factors
Hydrological factors are among the most significant influences on coal tip instability in South Wales (Welsh Parliament, 2021). The region experiences high annual rainfall, and as a result, water infiltrates into the spoil. Many historic coal tips lack adequate greening systems, allowing water to accumulate and increase pore water pressure within the materials. This will reduce effective stress and Shear strength, in some situations, making failure inevitable rather than probable.
[bookmark: _Toc218878806]3.3 Load and slope conditions
Load and slope conditions also contribute substantially to the cult of failures. Many tips were constructed with steep slope angles that exceed what would be considered safe under Modern geotechnical standards. Continued dumping overtime increased the load on already weak and unstable material (Ashutosh Kumar, 2024), often without any re-profiling or reinforcement. Tips were frequently placed on inclined ground rather than on level foundations, thereby increasing the driving forces. The absence of engineered benches or controlled slope geometry concentrates movement toward the valley bottoms, increasing the likelihood of catastrophic failure, as seen in (Mclean, 2007).
[bookmark: _Toc218878807]3.4 Human impacts
Human impacts have strongly influenced the long-term stability seen within the coal tips. Historically, tipping practises were largely uncontrolled, with little to no requirement for geotechnical assessment or formal design as a result of this now over 3000 inspections have been carried out so far (Gov Wales, 2025). Record-keeping was poor, resulting in an incomplete understanding of the internal structure and condition of many of these tips. Following mine closures, many tips were left with minimal maintenance or monitoring, resulting in the deterioration of drainage systems. In addition, infrastructure development has often been constructed downslope of these coal tips, increasing the potential consequences of failure. Changes in land use, surface water management, and vegetation have further affected coal tip stability, highlighting the lasting impact of human decisions.
[bookmark: _Toc218878808]4.0 Case Study
[bookmark: _Toc218878809]4.1 Coal tip ID
UID:	T96205
Category:		D
Authority (Welsh):	Rhondda Cynon Taf
Authority:		Rhondda Cynon Taf
Last Inspected by MRA (Welsh):	16/07/2025
Last Inspected by MRA:16/07/2025
(Welsh government, 2023)

[bookmark: _Toc218878810]4.2 Site overview 
[image: ] (Google Maps , 2025)
The coal tip is in Rhondda Cynon Taf, on elevated ground just above the residential area of Cwm-parc, in the vicinity of Maendy Forest. This site is on a steep valley-side slope, typical of most coal tips in the area and of those around South Wales. It's clear why this coal tip is classified as D, with housing, transport, and other vital human infrastructure downslope. As a result, a catastrophic failure would have severe consequences.  
This area was formed through historic colliery spoil deposition and is composed of loosely placed “heterogeneous” waste material. It is situated on a sloping site and broadly follows the natural hillside topography, with a substantial volume of material on the downslope towards the valley floor. Vegetation is already present on the surface; however, it may conceal cracking, erosion, or seepage. This is visible in the image below.
[image: ] (Google maps, 2025)
The site is situated within a high-rainfall catchment typical of what is found in the greater Rhondda area. As a result, surface water runoff from upstream of the tip flows through and across the tip. Infiltration of water into the area constitutes a significant mechanism of instability by increasing pore water pressure and reducing shear strength. The historical methods, combined with proximity to residential development, provide sufficient evidence that the area requires ongoing monitoring, maintenance, and engineering remediation to manage risk and protect public safety and well-being.
[bookmark: _Toc218878811]4.3 Stability concerns and their root causes.
The primary stability concern at this location is the potential for slope failure or flow-type movement that could travel downslope toward the residential areas, posing a significant risk to public safety. This risk is heightened by the tips category D classification. The images below show the site's “D” classification.
[image: ][image: ] (Welsh Government, 2023)
The root causes of instability are primarily related to the geotechnical properties of the spoil material, which is hydrogenous, loosely placed, and largely uncompacted. Spoil contains a high proportion of fine-grained and clear rich material that exhibits low Shear strength, particularly when saturated. Long-term weathering and spoilage further reduce its ability to maintain mechanical strength.
Hydrological factors represent a critical trigger for instability. The site is located in a high rainfall environment. As a result, it is highly likely that runoff from the upslope areas will infiltrate the cold-temperature area, increase pore water pressure, and reduce effective stress (Coal Authority, 2020) Says that “water ingress poses the biggest risk to stability”. This condition significantly increases the likelihood of failure during prolonged or intense rainfall events as explained by (Coal action network, 2024).
The tip is located at the head of a slope valley; the natural topography is unfavourable with respect to slope angles and downslope driving forces. Historic tipping practises typically placed additional load on already unstable material without considering slope profiling or support.
[bookmark: _Toc218878812]5.0 Risk Assessment
[bookmark: _Toc218878813]5.1 risks to infrastructure, transportation networks, housing, and utilities. 
	Receptor 
	Potential impact
	Likelihood (1-5)
	Severity (1-5)
	Risk Score (L x S)
	Risk category

	Housing
	Structural damage or destruction + Risk to occupants
	4
	5
	20
	Very high

	Local Roads
	Road blockage or damage
	4
	4
	16
	Very high

	Public Footpaths + Recreational areas
	Injury to users + loss of access 
	4
	5
	20
	Very High

	Emergency access routes 
	Restricted emergency responses 
	2
	4
	8
	Medium

	Water supply infrastructure 
	Damage to mains
	2
	4
	8
	Medium

	Drainage and sewerage systems
	Flooding 
	3
	4
	12
	High

	Electronic infrastructure
	Power outages
	2
	3
	6
	Medium

	Surface watercourses 
	Sedimentation, downstream flooding
	3
	3
	9
	Medium

	Natural environment
	Habitat loss
	3
	2
	6
	Medium

	Public safety
	Injury or loss of life
	2
	5
	10
	High

	Local economy
	Social and economic disruption
	2
	2
	4
	Low



1-4 = Low Risk
5-9 = Medium Risk
10-15 = High Risk
16-25 = Very High Risk
Engineering Remediation Plan
[bookmark: _Toc218878814]6.0 Engineering Remediation Plan
[bookmark: _Toc218878815]6.1 Short-term interventions for immediate risk reduction
The primary objective of short-term measures is to rapidly reduce the likelihood of failure, particularly in periods of heavy rainfall. Immediate work should focus on controlling water, reducing loads, and improving surface stability (Natural resource wales, 2023) explains how controlling water penetration is vital for remediation. Surface water management should include installing or clearing temporary drainage channels and removing blockages in existing greens to prevent infiltration into the spoil mass. Localised recreating of over-steepened slopes should be undertaken where feasible to reduce driving forces, particularly in areas that showed the most movement or erosion.
Vegetation management should be carried out to remove unstable or poorly rooted vegetation that may increase overall water infiltration, while encourage in shallow rooted grass to cover and reduce erosion. Temporary protective measures should be implemented to protect exposed surfaces and prevent failure. Access restrictions, fencing, and warning signage should be installed where there is a direct risk to the public, particularly on the steeper portions of the slope. Emergency response planning, including rainfall-triggered thresholds for inspections or evacuations, should be implemented.
[bookmark: _Toc218878816]6.2 Long-term interventions for permanent stabilisation
The long-term remediation should aim to achieve permanent geotechnical stability in accordance with modern design standards (Gov wales, 2021). This should begin with a detailed ground investigation, including bore holes, trial pits, and laboratory testing. Furthermore, the installation of piezometers to fully characterise the spoil and foundation conditions will inform the findings and enable adjustments to slope angles within acceptable limits (S.K. Chaulya, 2016), the incorporation of engineered benches to control runoff, and the breaking up of slope lengths.
A permanent drainage system should be installed, including Crest drains, lined surface channels, and subsurface drainage, such as drains or drainage blankets, to control groundwater and mitigate negative hydrostatic pressure. Where necessary, engineered buttresses using granular fill or reinforced earth may be constructed at the toe of the slope to provide additional resistance to movement. In areas of very weak or saturated material, selective excavation and replacement with engineered fill may be required. Long term re vegetation using appropriate ground cover and shrubs should be established to improve erosion resistance without compromising drainage performance (Ashutosh Kumar, 2025).
[bookmark: _Toc218878817]6.3 Monitoring and maintenance strategy. 
A comprehensive monitoring and maintenance regime is essential to ensure the ongoing safety of the category D coal tip. Instrumentation should include a vibrating-wire or standpipe pedometer to monitor groundwater levels within the tip, and, where appropriate, surface movement monitoring using survey markers or remote techniques such as LiDAR (Lingfeng He, 2024). Rainfall data should be continuously recorded and correlated with the groundwater levels and any observed movement.
Routine visual inspections should be conducted at regular intervals, with increased frequency during and after periods of prolonged or intense rainfall. Inspections should focus on identifying early warning signs, such as surface cracking, bulging callus erosion, blocked drains, or seepage. All drinking systems should be subjected to scheduled maintenance, including debris removal and repair of damaged channels or pipes, to ensure they maintain a high level of

[bookmark: _Toc218878818]7.0 Conclusion
This report assesses the stability and associated risks of the disused coal tip UID T96205 in Rhondda Cynon Taf, classified as Class D due to the likelihood and consequences of potential failure. This report identified that instability is typically driven by weak, heterogeneous spoil material, steep slope geometry, high rainfall, and poor historical practises.
The risk assessment indicates that housing, transportation routes, and public safety are at high or very high risk, largely due to the potential for rapid movement during periods of intense or prolonged rainfall. Although the overall likelihood of failure is generally quite moderate, the consequences would be catastrophic.
To manage these risks, both short-term and long-term engineering interventions should be implemented. Primarily focusing on drainage, slope stability and monitoring. To ensure that any potential danger can be rectified immediately.
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