Coal Tip Stabilisation Report: A Case Study Of The Abarfan Disaster
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Figure 1. Shows Coal Tip (Claire Smith).
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Shalom Joseph (2113608)	ACBA6014	Coal Tip Stability Report

1. Introduction
[bookmark: _Int_rI0ELq1f]	The historical significance of coal mining in the United Kingdom, especially South Wales, has been substantial in fostering industrial growth. However, this legacy has resulted in the formation of many coal tips, which are spoil heaps that present considerable challenges related to stability. The failures of these coal tips can lead to catastrophic outcomes, as illustrated by the Aberfan Disaster that occurred in 1966, whereby a collapse of a coal tip resulted in the loss of 144 lives, including 116 Children (Hudson and Beynon, 2021).
	To help a deeper understanding of the factors that affect the stability of coal tips, this report will analyse the Aberfan case study extensively. By investigating the underlying causes of coal tip failures and their implications, it aims to present informed recommendations for the management of these structures in the future. The aim is to ensure greater safety and stability, thereby preventing similar disasters from occurring in the future.
2

2. Background
a. Definition of Coal Tips
[bookmark: _Int_a5Tehg7O]Coal tips are accumulations of byproducts resulting from mining activities, primarily including of shale, sandstone, and various rock fragments. These Structures are often assembled in a disorganised manner, lacking adequate engineering supervision (Abramson, 2002)
[image: ]
Figure 2. Showing a coal tip landslide in Tylorstown (ITVx).




b. Historical Context of Coal Mining and the Importance of Managing Coal Tips
The Industrial Revolution marked a significant increase in coal mining activities, with South Wales appearing as a prominent contributor to global coal production by the mid-19th century. The region’s coal fields became critical suppliers of high-quality steam coal, which was indispensable for the operation of maritime vessels, locomotives, and various industrial machinery (Hudson and Beynon, 2021). This expansion of coal mining was instrumental in propelling industrial growth through Britain.
[image: ]
Figure 3. A pile of coal from the Ffos y fran open-cast mine in South Wales. (Hefin Owen)


[image: ]By the early 20th century, coal mining had become the predominant force shaping the economy and social dynamics of the South Wales Valleys. The lack of regulatory oversight during this period resulted in the generation of substantial waste, which was often stored in spoil heaps situated in proximity to residential areas. The construction of these waste tips done without consideration for engineering standards and environmental impacts, thereby increasing the risk of structural failure. A notable example illustrating such negligence is Tip No. 7, which was unfortunately placed above natural springs. This decision showed a significant oversight that led to the tip’s catastrophic failure (Maliphant, Reeves and Leeming, 2015). Figure 4. View taken from the Old Black Bridge (Aberfan Bridge), which carried the roadway across Aberfan Road and up Mynydd Merthyr (Tony Richards)

[image: ]The aftermath of World War II saw a notable decline in coal demand, which, when coupled with insufficient management of spoil heaps, intensified the hazards linked to coal tips. The Aberfan Disaster serves as a stark outcome of the ramifications of inadequate planning and oversight, catalysing widespread national outrage and prompting legislative reforms, including the Mines and Quarries (Tips) Act 1969. Such developments started a transformative shift in both public and industrial perspectives on waste management, prioritising safety, and the principles of long-term sustainability (ICE, 2019). Figure 5. Rescue workers at the scene of the wrecked Pantglas Junior School at Aberfan, South Wales (Getty Images).



3. Factors Affecting Coal Tip Stability
[bookmark: _Int_no5bx8vF]The stability of slopes is affected by a multitude of geological, environmental, and human factors. A thorough comprehension of these elements is essential for the analysis, prediction, and management of slope failures, which contributes to the understanding of coal tip stability. The following discussion presents an examination of these significant factors.

a. Geological Factors
i. [bookmark: _Int_qa1PRP9x][image: ]Material Composition: It has been proven that slopes consisting of loose, unconsolidated, or fine-grained materials show a heightened susceptibility to failure, a condition attributed to diminished cohesion and shear strength (Abramson, 2002). Furthermore, the presence of weak rock layers or weathered soils worsens the risks associated with instability. Figure 6 Shows Coal (Getty Images).

ii. Stratigraphy and Subsurface Features: The orientation of bedding planes, faults, and other discontinuities present within a slope significantly influences its potential failure. Slopes showing unfavourable orientations of bedding planes in relation to the slope face are more prone to sliding, particularly when subjected to elevated loads, as noted by Bishop and Penman (1968). Moreover, the presence of fault zones or regions characterised by extensive fracturing generates planes and weakness that furthermore compromises slop stability.
iii. Hydrogeology: Elevated groundwater levels are associated with a reduction in effective stress in slope material, which then results in diminished shear strength and an increased risk of liquefaction. The presence of springs or aquifers that intersect slop surfaces further amplifies this instability by contributing hydrostatic pressure, as noted by the Geological Society of London (2016). 
iv. [bookmark: _Int_StbwjC62]Slope Angle: The stability of a slope is significantly influenced by their geometric characteristics, especially slope steepness. An increase in steepness results in heightened gravitational forces acting upon the slope materials, thereby amplifying the risk of structural failure. To mitigate such risks in engineered slopes, it is essential to ensure to a safe angle of repose (Abramson, 2002).

b. Environmental Factors
i. Rainfall and Infiltration: Heavy rainfall serves as a primary catalyst for slope failure. The infiltration of water into slope materials leads to an increase in pore water pressure, thereby diminishing shear strength of the soil. Historical instances associated with prolonged or intense precipitation are well-documented across regions globally. A notable example includes the Aberfan disaster, where in excessive rainfall resulted in the saturation of a coal tip, causing liquefaction. The 2020 slippage at Tylorstown in the Rhondda Valley caused by Storm Dennis is also a relative incident (Hudson and Beynon, 2021).
ii. Vegetation Effects: Vegetation mitigates surface erosion and contributes to the cohesion of soil particles via root systems. Nevertheless, it is important to acknowledge that roots may also induce localised vulnerabilities, especially when they extend into fissures within the slope material (ICE, 2019). Consequently, it is important for civil engineers to evaluate vegetation not only as a stabilising element but also as a destabilising influence for slopes. [image: A tree growing from soil

Description automatically generated with medium confidence]Figure 7. Comparison of root system characteristics (Chuangang Gong).

iii. [bookmark: _Int_CyF9O9I1][bookmark: _Int_jFWjhQxa]Seismic Activity: Earthquakes, although rare in the United Kingdom, can compromise the stability of slopes by diminishing material cohesion through vibrations, thereby creating the occurrence of landslides, particularly in locations characterised by inherent vulnerabilities. In regions prone to earthquakes, the design of slopes requires the integration of dynamic analysis along with various reinforcement techniques, including but not limited to geotextiles and retaining structures, as indicated by Abramson (2002).
iv. [bookmark: _Int_k2tNFuc7][bookmark: _Int_fT8dptlz]Climate Change: The phenomenon of climate change has been linked to a rise in both the frequency and severity of extreme weather events, which encompasses significant rainfall and freeze-thaw cycles. These climatic processes are responsible for accelerating the weathering of geological materials, thereby compromising the stability of slope structures over time. Consequently, there exists a pressing need for development of innovative engineering solutions aimed at mitigating the risks that evolve in response to these environmental changes (Geological Society of London, 2016)

c. Human Factors
i. Excavation and Construction: Slope excavation, road construction, and the development of infrastructure can directly affect the stability of slopes. These alterations typically lead to an increase in loading, an escalation in slope steepness, and a loss of vegetation cover, all of which serve to heighten the risk of instability (Cuoto, 1989). [image: ]Figure 8. Shows Steep Slope Construction (Andrew Dargatz).

ii. [bookmark: _Int_rkykigix]Drainage Systems: The accumulation of water due to inadequate drainage systems worsens instability on slopes, primarily inducing hydrostatic pressure. A pertinent example of this phenomenon can be seen in the Aberfan Disaster, wherein the lack of effective drainage contributed significantly to the destabilisation of spoil tips through water infiltration. 
iii. [bookmark: _Int_dWuFMAzs][bookmark: _Int_2SH1XEp0]Deforestation and Land Use Changes: The removal of vegetation, whether for agricultural purposes or urban development, results in the exposure of slopes to erosion and enhanced runoff phenomena. Alterations in land use frequently disregard established natural drainage patterns, consequently contributing to increase water retention and resulting instability, as noticed by Hudson and Beynon (2021). [image: ]Figure 9. Shows deforestation of the Yungas forests on the slopes of the Andes, Bolivia (Luiz Claudio Marigo).


4. 
Case Study: The Aberfan Disaster of 1966
a. Introduction
[bookmark: _Int_FQWHqB9b][bookmark: _Int_pzjBopVN]On the 21st of October 1966, a catastrophic event transpired in South Wales, resulting in the loss of 144 lives, among which were 116 children. The calamity was precipitated by the collapse of a spoil tip belonging to the Merthyr Vale Colliery, which then buried Pantglas Junior School and several adjacent residential structures. This incident emphasises the necessity for stringent site management practices, thorough risk assessments, and the establishment of robust safety regulations within the realms of civil engineering and geotechnical disciplines. (McLean, 2016; Needs of People Health Incident, 1966)

b. Background
[bookmark: _Int_gQ8tnExR][bookmark: _Int_4JNVXwn5][bookmark: _Int_rlLx9na1]Commencing operations in 1875, the Merthyr Vale Colliery undertook the practice of tipping on the Aberfan mountainside as early as 1916, a decision driven by the limited availability of space. By the year 1966, a total of seven spoil tips had been established, among which Tip No. 7 was particularly precariously found above natural springs. The geological implications of this placement were worsened by insufficient tipping policies implemented by the National Coal Board (NCB) and the absence of regulatory frameworks addressing the safety of spoil heaps (British Geological Survey (BGS), 2020; Mclean, 2016).

c. [image: ]The DisasterFigure 10. Shows the aftermath of the coal tip collapse in Abarfan (BBC/PA)

Early on the morning of October 21st, 1966, Tip No. 7 gave way, sending about 100,000 tons of slurry rushing down to the village below. This flood overwhelmed Pantglas Junior School, resulting in the tragic loss of 109 students and 5 teachers, as well as other residents. The muddy wave, made worse by a broken water pipe, harden upon impact with the buildings, leaving behind a scene reminiscent of Pompeii (Needs of People Health Incident, 1966; McLean, 2009). 

d. Causes
i. Poor Geological Decisions: The location of the tip over springs caused it to become soaked and unstable.
ii. Lack of Regulations: There were no safety laws in place for spoil tips back then.
iii. Failure of Authorities: The NCB did not respond to earlier cases of tip movement and the community’ concerns about the risks posed by the tips (BGS, 2020; McLean 2009).

e. Consequences
i. Human Cost: The community felt a deep impact from the tragic loss of 144 lives. Those who survived, including many children, experienced immense emotion distress, with many displaying symptoms of what we now call post-traumatic stress disorder (PTSD) (Needs of People Health Incident, 1966).
ii. [bookmark: _Int_T8x9kkCy]Legal and Financial Issues: During the Tribunal, the National Coal Board (NCB) refuted any allegations of responsibility, although internal communications revealed an acknowledgement of liability. Initially, families who suffered loss were awarded a mere five hundred Great British Pounds in compensation. Additionally, the funds distributed for disaster, specifically the Aberfan Disaster Fund, were controversially utilised to finance the removal of remaining spoil tips (McLean, 2009).

f. Lessons Learned
i. [bookmark: _Int_XkNUobmA]Legislation and Safety Protocols: Enacted in 1974, the Health and Safety at Work Act established a series of regulations aimed at mitigating incidents related to workplace safety (McLean, 2009).
ii. Psychological Aftercare: The recognition of the significance of counselling for individuals who have experience trauma helped systematic advancements in the provision of care following disasters (Needs of People Health Incident, 1966).
iii. Accountability: The disaster highlighted the imperative for regulatory autonomy and the implementation of stringent penalties to address instances of negligence (McLean, 2009).

5. Risk Assessment for Coal Tip Stability: Lessons from the Aberfan Disaster
a. Risk Identification
i. Hazards
1. Saturation of Spoil Tips: The occurrence of natural springs or significant rainfall events may result in water infiltration, which in turn diminishes shear strength and can instigate liquefaction (BGS, 2020; McLean, 2016)
2. [bookmark: _Int_0DfH2z4x]Slope Overloading: The propensity for collapse is heightened by the practice of excessive tipping on slopes characterised by instability or steepness. (ICE, 2019)
3. Inadequate Monitoring: The absence of regular inspections, combined with the inability to recognise preliminary indicators such as minor slippages, may lead to the unobserved intensification of risks (McLean, 2016)
4. [bookmark: _Int_eehwdSPT]Human Error: Inadequately trained personnel, coupled with a deficiency in qualified engineering supervision, has the ability to significantly amplify existing risks. (Needs of People Health Incident, 1966)
ii. Affected Parties
1. Local communities situated below spoil tips.
2. Infrastructure, including schools, roads, bridges, and residential buildings.
3. Emergency response teams and municipal authorities.
b. Risk Analysis
i. Probability of Occurrence
1. High in areas with geological features such as springs, steep slopes, or valleys.
2. Increased during periods of heavy or prolonged rainfall.
3. Exacerbated by inadequate regulatory enforcement.
ii. Impact Severity
1. Human Impact: Potential for significant loss of life and long-term psychological trauma (Needs of People Health Incident, 1966)
2. Economic Impact: Costs of disaster response, compensation, and infrastructure rebuilding.
3. Environmental Impact: Contamination of land and water sources with coal waste

6. Risk Control Measures
a. Preventative Strategies
i. Geological Surveys: Carefully evaluate tipping locations to find springs, underground conditions, and the stability of slopes. Employ advanced tools such as ground-penetrating radar to uncover concealed dangers (McLean, 2016).
ii. [bookmark: _Int_ZyxHZAvh]Regulatory Oversight: Put in place clear tipping rules to make sure safety standards are followed. Introduce penalties for those who do not comply to discourage carelessness (BGS, 2020).
iii. Engineering Interventions: Set up drainage systems to stop water from gathering in spoil heaps. Keep the height of the tips low and make sure the slopes are at the right angles according to the geotechnical information available (ICE, 2019)
iv. Monitoring and Early Warning Systems: Set up regular checks using automated tools like inclinometers and piezometers to spot any shifts or changes in water pressure. Make sure personnel knows how to recognise the report early signs of instability. (McLean, 2016)
b. Mitigation Strategies
i. [bookmark: _Int_ukkzQfEm]Emergency response plans should be developed to include specific evacuation routes for adjacent communities.
ii. In addition, it is essential to conduct regular disaster simulation drills involving both authorities and residents to ensure preparedness and effective response in case of a disaster.
iii. [bookmark: _Int_CRcm8Fdw]Furthermore, access to counselling services must be made available for survivors and families affected by such incidents, addressing the psychological effects (Needs of People Health Incident, 1966)
c. Residual Risk
[bookmark: _Int_HlfTYdYt][bookmark: _Int_U0UgrS2O]Despite the implementation of preventative and mitigation strategies that lower the likelihood of failures in coal tips, a residual risk persists. The ongoing risk can be attributed to unpredictable geological alterations or severe weather phenomena. Therefore, it is imperative that safety protocols undergo continuous refinement and the advancements in technology be pursued vigorously to further diminish the residual risk.

7. Conclusion
[bookmark: _Int_gHxNgX25]The Aberfan Disaster highlights how important it is to manage coal tips properly. A mix of geological, environmental, and human factors contributed to this tragedy. Though laws like the Mines and Quarries (Tips) Act 1969 have made tip management better, careful consideration of the stability of coal tips must still be taken. It is essential to keep engineering solutions, regular monitoring, and community participation as key parts of preventing similar disasters. Going forward, research should aim at using better geotechnical technologies and encouraging responsibility in institutions. 
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