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Recent Developments:

A suspected methane gas explosion occurred inside the under-construction Head Race Tunnel (HRT) of
the Teesta Stage-VI Hydropower Project at Samardung in Sikkim’s Namchi district, resulting in the death
of several workers and trapping others inside the tunnel.
The incident has highlighted the geological instability, underground gas risks and occupational safety
challenges associated with large infrastructure projects in the fragile Himalayan region.
The accident has raised concerns regarding the effectiveness of geological surveys, underground gas
detection systems, tunnel safety standards and emergency response mechanisms during major
construction activities.

Methane Accumulation in Mountainous Regions:

Characteristics and Explosion Mechanism of Methane:

Methane (CH?) is a colourless, odourless and highly flammable gas that can naturally accumulate in
underground rock formations and confined spaces such as tunnels and mines.
Methane becomes explosive when it mixes with air within a specific concentration range and comes into
contact with an ignition source such as drilling equipment, electrical sparks or construction machinery.
During tunnel excavation, drilling and blasting activities can disturb methane-bearing rocks, allowing trapped
gas to escape suddenly and accumulate inside enclosed underground spaces.

Sources of Methane in Geological Formations:

Methane can occur as natural gas trapped within porous rocks or as isolated gas pockets in young and
structurally complex geological formations.
In coal-bearing and carbon-rich strata, methane may form through the decomposition of ancient organic
matter over millions of years under suitable geological conditions.
Waterlogged valleys and mountainous depressions may create anaerobic conditions, where microorganisms
decompose organic matter and release methane.
Fault lines, cracks and natural fissures can act as pathways for methane migration from underground
sources and allow gas accumulation in tunnels.
Poorly managed waste disposal sites in hilly regions can also generate methane through the decomposition of
organic waste under oxygen-deficient conditions.

Geological Context of Sikkim and Infrastructure Vulnerability:

Geological Characteristics of Sikkim:

Sikkim is located in the young and tectonically active Himalayan region, making it vulnerable to
earthquakes, landslides and slope instability.
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The region is characterised by:
Active tectonic movements,
Fragile rock formations,
High erosion rates,
Complex geological structures.
Although Sikkim does not have major coalfields, parts of southern Sikkim, including Namchi, contain small
coal deposits and fall within the geologically significant Rangit Tectonic Window.
Such complex geological conditions make the identification of small and localised methane pockets difficult
before excavation.

Challenges in Underground Gas Detection:

Conventional geological and engineering surveys mainly examine:
Rock stability,
Groundwater conditions,
Fault zones,
Structural weaknesses.
Small methane pockets may remain undetected because of their irregular distribution and limited size.
High-risk tunnel projects require advanced geological investigation and continuous underground gas
monitoring systems.

Why Himalayan Infrastructure Projects Face High Risks:

Impact of Natural Hazards:

The Himalayas are highly disaster-prone due to:
Active tectonic processes,
Weak geological formations,
Heavy rainfall,
Rapid erosion,
Frequent landslides.
Construction activities such as blasting and tunnelling for dams, highways and railways can disturb unstable
mountain slopes and increase the probability of landslides.

Previous Disasters in Sikkim:

Sikkim’s hydropower infrastructure has previously suffered damage from extreme natural events.
The 2023 South Lhonak Lake Glacial Lake Outburst Flood (GLOF) caused severe destruction in the
Teesta basin and damaged major hydropower infrastructure.
The 1200 MW Teesta Stage-III Hydroelectric Project was severely affected by the disaster.
The 510 MW Teesta Stage-V Hydropower Project also suffered damage from natural hazards and later
faced additional impacts due to landslide-related events.
The Teesta Stage-VI tunnel incident represents a new category of risk involving suspected underground gas-
related hazards.

Role of Climate Change:

Climate change is increasing risks in Himalayan regions through:
Glacier retreat,
Expansion of glacial lakes,
Extreme rainfall events,
Cloudbursts.
These changes increase vulnerability of hydropower projects and other critical infrastructure.
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Challenges Associated with Tunnel Construction in India:

High Geological and Engineering Risks:

Tunnel construction in Himalayan and northeastern regions is highly challenging because of:
Unstable rock structures,
Active fault zones,
High groundwater pressure,
Landslide-prone terrain.
Underground conditions may change rapidly during excavation, making prediction and risk management
difficult.

Limitations in Risk Assessment:

Tunnel disasters are often caused by a combination of geological uncertainties and weaknesses in planning,
construction and monitoring.
Major challenges include:
Incomplete geological surveys,
Outdated assessment methods,
Limited predictive modelling,
Inadequate identification of underground hazards.
Detailed geological mapping and real-time monitoring are essential throughout the tunnel construction
process.

Occupational Safety Challenges:

Underground workers face risks due to:
Poor ventilation,
Fire and explosion hazards,
Limited emergency exits,
Insufficient safety monitoring.
Lack of specialised training, inadequate protective equipment and unclear responsibility among contractors
increase worker vulnerability.

Measures Required for Safer Himalayan Infrastructure Development:

Strengthening Safety and Governance Framework:

Large infrastructure projects in fragile Himalayan regions should undergo comprehensive geological and
environmental risk assessment before approval.
Continuous monitoring systems should be established to detect:
Underground gases,
Rock movement,
Water pressure changes,
Structural instability.
Modern technologies such as:
Real-time geological monitoring,
Remote sensing,
Artificial Intelligence-based prediction systems should be integrated into tunnel safety management.

Improving Disaster Preparedness:
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Specialised rescue teams equipped with advanced technology should be developed for underground
emergencies.
Safety standards related to ventilation, emergency evacuation, fire protection and worker training should be
strictly enforced.
Clear accountability should be established among contractors, project developers and regulatory authorities.

Promoting Sustainable Himalayan Development:

Infrastructure development in Himalayan states should follow the principle of carrying capacity-based
planning.
Economic development must be balanced with:
Environmental protection,
Disaster resilience,
Ecosystem conservation.
Sustainable infrastructure planning is essential to reduce long-term risks in fragile mountain ecosystems.

Value Addition for UPSC:

Prelims Facts:

Methane (CH?) is a major greenhouse gas and has a higher short-term global warming potential than
carbon dioxide.
Glacial Lake Outburst Flood (GLOF) occurs when a glacial lake suddenly releases a large volume of water
due to failure of its natural barrier.
The Himalayas are among the youngest and most tectonically active mountain systems in the world.
Teesta River is an important Himalayan river flowing through Sikkim and West Bengal before entering
Bangladesh.

Mains Answer Enrichment:

Infrastructure Development: Himalayan infrastructure requires a balance between economic growth,
ecological conservation and disaster resilience.
Disaster Management: Risk identification, early warning systems and preventive measures are more
effective than only post-disaster response.
Environmental Governance: Development projects in fragile ecosystems must be based on scientific
assessment and sustainable planning.
Conclusion:
“Safe Himalayan infrastructure development requires integration of advanced geological studies, strict safety
standards and ecological sustainability at every stage of project planning and execution.”
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