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1.1. Civil engineering relevance of coal tip stability
Coal spoil tips are artificial landforms created from the deposition of waste rock and overburden generated during coal mining operations. In civil engineering terms, they represent vast engineered earthworks with complex soil structure behaviour. (Friends of the earth cymru, 2025) The stability of these tips is governed by the same geotechnical principles that apply to engineered embankments or slopes: shear strength of materials, pore-water pressures, slope geometry, and drainage. However, coal tips differ critically from modern engineered slopes in that most were formed historically without compaction, drainage, or material control. (Buist, et al., 2003) (Mining Remediation Authority, N/A)
For civil engineers, coal tip stability is significant because these legacy structures occupy steep valleys, often directly above transport corridors, rivers, and settlements. Their potential instability poses not only a geotechnical challenge but a societal and infrastructural risk that must be managed through applied slope engineering, hydrological control, and long-term monitoring. (Welsh Government, 2025)
1.2.  Risks posed by unstable tips to infrastructure
Unstable spoil tips endanger a wide range of civil infrastructure. Roads, bridges, and railways that pass through the narrow South Wales valleys can be blocked or destroyed by debris flows. Utilities such as buried water mains, sewers, and power lines are at risk from ground movement, while river channels may become obstructed, leading to flooding. Housing located in valley bottoms; characteristic of settlements across Rhondda Cynon Taf, Merthyr Tydfil, and Blaenau Gwent; is particularly vulnerable. Landslip events can also erode or collapse supporting slopes beneath structures, undermining foundations and access roads. (Coal Action Network, 2024) (Evans, 2025) (Nia, 2025)
1.3. Purpose and scope of report
The purpose of this report is to evaluate the structural and geotechnical challenges associated with coal tip stability in South Wales, focusing on the Tylorstown Upper Tip in the Rhondda Fach Valley as a representative case. It applies civil engineering principles to:
1. Assess the geotechnical and hydrological mechanisms driving instability.
2. Quantify the risks to nearby infrastructure.
3. Propose a technically robust remediation and long-term monitoring plan suitable for legacy post-industrial terrain.
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2.1. Definition and formation of coal tips
From an engineering perspective, a coal tip (or spoil heap) is a man-made accumulation of colliery waste; shale, sandstone, mudstone, and coal fragments deposited during mining. The material is typically unsorted, loosely compacted, and of variable grain size. The placement methods used historically were uncontrolled end-tipping or side-tipping, producing steep, conical or terraced mounds with limited drainage. (Welsh Government, 2025)
Geologically, the spoil inherits the weak bedding and weathering properties of the Carboniferous strata from which it was extracted. The resulting materials possess low shear strength, variable permeability, and a propensity for weathering, leading to long-term slope creep, internal erosion, and occasional catastrophic failure. (Natural Resources Wales, 2025)
2.2 Historical development and past failures in South Wales
Coal mining expanded rapidly across South Wales from the mid19th to the 20th century, creating over 2,500 spoil tips across the coalfield. Most were abandoned without formal engineering design. The most infamous failure occurred at Aberfan in 1966, where a saturated spoil tip collapsed onto a village, killing 144 people - an event that reshaped tip safety policy. (Winstanley, N/A) (Fid Backhouse, 2025)
Despite this, many tips remain unmanaged decades later. Heavy rainfall in February 2020 triggered renewed failures, notably the Tylorstown landslide, releasing approximately 60,000 m³ of material down the hillside, blocking the Afon Rhondda Fach, and damaging local utilities. These incidents underline the continued geotechnical vulnerability of legacy tips and the need for systematic remediation and monitoring across Wales. (Dafydd, 2025) (BBC, 2020)
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3.1. Geotechnical conditions
The stability of spoil tips depends fundamentally on material properties and slope geometry. Colliery spoil consists of a heterogeneous mixture of coarse rock fragments, clayey shale, and fines. Such mixtures often exhibit:
· Low cohesion (c′ ≈ 0–10 kPa) and friction angles (ϕ′ ≈ 25–35°) in the compacted state.
· High permeability contrasts, leading to perched water tables and variable drainage.
· Weak bedding and layering, where fine material acts as slip planes.

(Natural Resources Wales, 2025) (Masoudian, 2019)

At Tylorstown, the tip was constructed over steep valley-side slopes of the Pennant Sandstone and mudstone formations, with poor basal compaction. The mass rested on weak colluvium and weathered bedrock. Over time, creep and settlement likely reduced inter-particle friction, while weathering of pyritic shales generated fines and acidic drainage, further weakening the structure. (Holmes, 2021)
The factor of safety (FoS) for long-term stability under drained conditions is typically targeted at ≥ 1.5. However, under saturated conditions—such as during intense rainfall—the FoS may drop to around 1.1–1.2, approaching failure thresholds. (Mining Doc, 2025)
3.2. Hydrological factors
Hydrology plays a dominant role in coal tip failures. Key processes include:
· Infiltration of rainfall into the tip, raising pore-water pressures and reducing effective stress.
· Poor surface drainage, causing ponding and infiltration.
· Groundwater emergence or natural springs beneath the tip base, creating seepage and piping.
· Toe erosion by adjacent rivers.
(Holmberg, 2021) (Edmonds & Green, 2023)
At Tylorstown, Storm Dennis in February 2020 produced record rainfall, saturating the tip mass and increasing pore pressures. The Afon Rhondda Fach at the toe experienced elevated flow, scouring the base of the slope. This combination of internal pore-pressure rise and external toe erosion initiated rotational sliding, progressing into a debris flow. (ITV, 2020) (Holmes, 2021)
3.3. Load and slope conditions
The geometry of valley-side tips in South Wales (often with slopes of 25–35°) creates high gravitational driving stresses. End-tipped material accumulates at or near its angle of repose. Over time, additional loads from overburden, vegetation growth, or even maintenance vehicle access can alter stress distribution. (Williams, 2022)
The absence of engineered benches or retaining structures exacerbates instability, allowing rainfall to run directly downslope. In Tylorstown, the upper spoil mass stood above 35 m in height, producing substantial driving forces with limited resisting strength. (Holmes, 2021) (Natural Resources Wales, 2025) (He, et al., 2024) (Edmonds & Green, 2023)
3.4. Human impacts
Human activity continues to influence stability. Poor maintenance of drainage systems allows blockages and surface runoff concentration. Vegetation loss due to wildfires or off-road vehicle damage increases erosion. Historical mine workings beneath some tips introduce voids and weak foundations. Additionally, new infrastructure such as footpaths or pipelines imposes local load changes and alters groundwater flow paths. (Jahandari, et al., 2023) (BBC, 2020) (Edmonds & Green, 2023)
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4.1. Site overview
The Tylorstown Upper Tip lies on the western valley flank of the Rhondda Fach in Rhondda Cynon Taf. It originated from colliery waste deposition during the 20th century and was left largely unmanaged after mine closure. The tip occupies a steep slope above the Afon Rhondda Fach and adjacent infrastructure, including a leisure-centre car park, a sewer main, and an active travel route on the former railway line. (rctcbc.gov.uk, 2025) (Holmes, 2021)
During Storm Dennis (February 2020), approximately 60,000 m³ of spoil material slipped downslope, blocking and diverting the river channel. The event damaged utilities, created a large debris fan, and left a 5 m-high unstable scarp. The Welsh Government subsequently classified the tip as a Category D (high-risk) site under the national tip safety regime. (BBC, 2020) (InYourArea Community, 2020)

4.2. Stability concerns and root causes
Engineering investigation identified several contributing factors:
1. Saturation of the spoil mass – prolonged rainfall raised pore pressures, reducing effective shear strength.
2. Poor internal drainage – historical deposition without engineered drainage allowed infiltration to accumulate within the tip.
3. Toe erosion by the river – the Afon Rhondda Fach undercut the toe, removing lateral restraint.
4. Weak basal contact – the spoil rested on a sloping surface of colluvium and weathered bedrock, providing a potential slip plane.
5. Over-steepened slopes – end-tipping created gradients exceeding stable limits for loose spoil.
These conditions combined to produce a classic rotational–translational failure. Post-event surveys revealed ongoing instability, with tension cracks developing upslope of the main scarp.
(Edmonds & Green, 2023) (Holmes, 2021)
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5.1. Quantification of infrastructure risk
A qualitative risk matrix can be applied using standard civil engineering criteria of likelihood and consequence.
	Asset / Infrastructure
	Likelihood of Impact
	Consequence Severity
	Risk Level

	River channel and floodplain
	High
	High (blockage and flooding)
	Very High

	Sewer and water mains
	Medium–High
	High (service disruption, contamination)
	High

	Active-travel route / footpath
	Medium
	Moderate (public safety hazard)
	Medium–High

	Leisure-centre car park
	Medium
	Moderate (ground movement, loss of use)
	Medium

	Downstream housing
	Low–Medium
	Very High (potential life loss)
	High

	Road and bridge crossings
	Low–Medium
	High (blockage, detour)
	Medium–High




5.2. Consequences of failure
The 2020 landslide demonstrated that failure could rapidly mobilise thousands of cubic metres of spoil, generating a debris flow with significant run-out. Consequences include:
· Structural damage to utilities and roads.
· River blockage, leading to upstream flooding and downstream erosion.
· Pollution from sediment and potential acidic leachate.
· Public safety risks, particularly if failure occurs suddenly or at night.
Given the site’s topography and rainfall exposure, the probability of recurrence under similar hydrological conditions is moderate (return period < 50 years) without intervention. The consequence severity remains high due to proximity of infrastructure and population. Overall risk rating: High–Very High.
(BBC, 2020) (InYourArea Community, 2020) (rctcbc.gov.uk, 2025)
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6.1. Short-term interventions
The initial objective is to stabilise the site and reduce immediate risk. Key short-term civil engineering measures include:
1. Emergency drainage works – Construct surface interceptor drains upslope of the scar to divert rainfall and prevent infiltration. Clean and reinstate existing ditches to restore outflow capacity.
2. Toe stabilisation and riverbank protection – Install rock armour (riprap) or gabion retaining structures along the riverbank to prevent further scour. Reinstate the river channel alignment and floodplain stability.
3. Debris clearance and re-profiling – Remove unstable spoil from the slide area and reduce slope angles to a safe gradient (typically 1 V:2.5–3 H).
4. Temporary retaining works – In areas adjacent to infrastructure, use soil nails, steel mesh, or anchored geogrids to secure residual material.
5. Erosion control and vegetation – Apply hydro-seeding and biodegradable erosion mats to exposed surfaces.
These actions correspond with phases implemented by Rhondda Cynon Taf Council and the Welsh Government in 2021–2023, ensuring immediate stabilisation while longer-term works were planned. (Edmonds & Green, 2023) (Holmes, 2021) (Holmberg, 2021)















6.2. Long-term engineering interventions
Permanent remediation should address root causes of instability and deliver a self-sustaining landform. Recommended measures include:
1. Comprehensive re-profiling and material relocation
· Excavate and relocate approximately 200,000 m³ of spoil from the upper slope to a stable receptor site with engineered compaction and layering.
· Construct benches every 10–15 m vertically, providing maintenance access and drainage interception.
· Target final slope gradients ≤ 18° (≈ 1 V:3 H) to achieve FoS ≥ 1.5 under long-term drained conditions.
2. Engineered drainage system
· Install a network of surface ditches, French drains, and subsurface collector drains discharging to controlled outfalls.
· Use geotextile filters to prevent clogging and incorporate inspection chambers for maintenance.
· Include horizontal relief drains or wick drains within the tip mass to reduce pore pressures.

3. Toe protection and foundation improvement
· Place rock armour or gabion mattresses at the toe and along riverbanks.
· Where the foundation is weak, install basal geogrids or compacted granular platforms.
· Monitor scour depth and provide flood resilience for 1-in-200-year flow events.
4. Revegetation and surface stabilisation
· Establish permanent grass and shrub cover to limit erosion and enhance evapotranspiration.
· Use deep-rooting native species with low water uptake variability to improve surface stability.
5. Infrastructure relocation or protection
· Reroute or sleeve existing utilities (sewers, water mains) outside potential slide zones.
· Reinforce footpaths or cycle routes with retaining structures and erosion barriers.







6.3. Monitoring and maintenance strategy
Instrumentation
Install a network of:
· Inclinometers to detect deep movement.
· Vibrating-wire piezometers to monitor pore-water pressures.
· Surface settlement markers and crack gauges for displacement.
· Rain gauges and flow meters in drainage channels.
· Remote sensing (LiDAR and InSAR) for periodic whole-slope analysis.
Inspection frequency
· During construction: weekly inspections.
· First three years post-remediation: monthly inspections and continuous data logging.
· Years 4–10: quarterly inspections; annual LiDAR survey.
· Long-term (>10 years): bi-annual inspections; LiDAR every 2–3 years; remote sensing continuous.
Maintenance actions
· Clear drainage ditches bi-annually and after major storms.
· Inspect toe protection annually for scour.
· Re-seed and repair erosion scars promptly.
· Enforce access restrictions to prevent vehicle damage.
· Maintain a live database of monitoring data linked to emergency thresholds (e.g., displacement > 10 mm/month triggers alert).
Institutional arrangements
The local authority (Rhondda Cynon Taf CBC) should retain operational control, supported by the Welsh Government’s Coal Tip Safety Programme. Funding for monitoring and maintenance must be ring-fenced, with clear responsibilities defined for inspection, data management, and emergency response. 
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7.1. Summary of key findings
Coal tips across South Wales represent a legacy engineering challenge combining geotechnical complexity, hydrological vulnerability, and public-safety significance. The Tylorstown Upper Tip exemplifies these issues: a steep, poorly drained spoil mass composed of weak materials, located above vital infrastructure and a river system. The 2020 landslip illustrated how saturation and toe erosion can rapidly lead to large-scale slope failure.
Civil engineering analysis shows that the principal stability controls are material shear strength, pore-pressure conditions, slope geometry, and toe restraint. Effective remediation therefore requires:
· Reduction of slope angle and load through re-profiling.
· Control of hydrology via engineered drainage and toe protection.
· Enhancement of long-term strength through compaction, vegetation, and surface protection.
· Continuous monitoring to detect changes before failure occurs.
The proposed remediation plan—combining short-term stabilisation with long-term landform reconstruction and monitoring—demonstrates the application of modern geotechnical engineering principles to legacy post-industrial terrain. Beyond Tylorstown, the approach provides a model for sustainable management of all high-risk coal tips in South Wales under changing climatic conditions.
In conclusion, by integrating structural stability assessment, hydrological control, and proactive maintenance within a coordinated institutional framework, civil engineers can ensure that the hazards of past industrial activity are transformed into stable and safe landscapes for future generations.
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