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Acid Mine Drainage (AMD) is the acidic water 
draining out of mines situated in the geologically pyrite-
enriched regions. The acid is formed by oxidation (bio-
chemical) of pyrite and marcasite into sulfate with release of 
protons (H+). Due to the low pH, AMD also dissolves 
minerals from the soil and rocks it contacts. Therefore, at the 
macroscopic level, the scale of mining primarily dictates the 
exposure of buried pyrites to atmospheric oxygen and water 
that are essential for the chemical reaction forming AMD. 
However, at the micro level, the further weathering of 
excavated rocks is influenced by the temperature variation 
and rainfall. Thus, the most important factors governing the 
kinetics of AMD formation are climatic parameters, i.e., 
temperature and rainfall. The global climate is undergoing an 
unprecedented change and even more pronounced effects 
are being observed in India in forms of extreme heat and 
precipitation events (Chowdhury, 2022; Rajulapati et al., 
2020). Increased intensity of rainfalls and extreme events 
drive episodic flushing of mine wastes, producing strong 
pulses of acidic metal-rich runoff into streams and aquifers. 
Intense monsoon storms increase acute contamination 
events. Several researchers have observed the effects of 
seasonal variations on AMD characteristics in the eastern 
Himalayan sub-region (Equeenuddin et al., 2010; Kumar et 
al. 2024). Besides, further intensification of extreme rainfall 
is predicted for north-eastern India (Mishra et al., 2021; 
Rajulapati et al., 2021). Multi-day extreme precipitation 
events are linked to floods and slope failures across Indian 
monsoon belt where cloudburst and flash floods may breach 
mine dumps exposing new pyrite faces forming sustained 
AMD generation sources (Chupal et al., 2025). According to 
the IPCC 2023 report, South Asia projects further warming 
causing greater atmospheric moisture finally resulting in 
heavier rains. Moreover, such variable storm-pulse events 
may overwhelm the undersized neutralization treatment 
units at mines (Weinberg et al., 2022). Therefore, we can see 
a clear link between the changing climate and the AMD 
occurrences in geologically susceptible regions. Thus, 
emphasizing the need for better monitoring and 
management of AMD at the mines and develop a decision 
support system based on the extensive studies on extreme 
weather events in these areas.  

The mineral industry forms the backbone of 
economic development of a country. In India, the mineral 

sector also employs a large proportion of the workforce. The 
mining leases occupy around 0.21 percent of the total land 
area of India. Of the 2729 mines operational in India, 21 
percent are coal mines (CPCB, 2011). Commercial coal 
mining in India began in 1774 in the Raniganj coalfield. 
Globally, India ranks sixth in the coal reserves of Gondwana 
and tertiary formations. The general practice at mines is to 
collect the mine water in sumps, then pump to ground level 
for further settlement of solids, reuse in dust suppression, 
supply to coal washeries, and/or discharged into nearby 
creeks and streams (CPCB, 2011). Due to lesser occurrence 
of pyritic bands, the Indian coal mines are usually considered 
free of the AMD problems (Ray and Dey, 2020). Such a 
premise has led to limited studies on the water quality at the 
Indian coal mines unless faced with environmental 
regulatory concerns. 

Nevertheless, the limited scientific investigations on 
the AMD afflicted mining regions of north-eastern, central, 
southern and western India set sufficient pretext to consider 
mining related water quality issues, an important concern 
under the changing climatic conditions. In Assam, the 
Oligocene coal has a high sulfur content of up to eight 
percent, with 10-25 % as pyrite or sulfate (Baruah and Khare, 
2007). Besides, the ecologically fragile environment, the 
noxious coal characteristics of Makum coalfield makes the 
management of environmental impacts of coal mining in the 
region very challenging. Further, the high average annual 
rainfall, very low pH (<2) and high iron content makes 
passive treatment non-viable in the area (Choudhury et al., 
2021). The cost-effectiveness, secondary contamination 
threats, and site-specific applicability were major constraints 
affecting the success of an AMD remediation technology in 
the region (Choudhury et al., 2021). Although the AMD 
situation in Assam has attracted attention from researchers, 
the studies are discontinuous in terms of their spatial and 
temporal differences with respect to climate. Similarly, the 
coal found in the Jaintia Hills of Meghalaya is mostly sub-
bituminous with high sulfur content (three to five percent). 
(Sahoo et al., 2014) studied their minerology and acid 
generating potential. The precipitation of efflorescent salts 
under high evaporation during the dry season followed by 
their dissolution during rains contributed high flux of metals 
and sulfate into the water suggesting a strong climatic control 
on AMD (Sahoo et al., 2014). So far AMD treatment 
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technologies based on chemical neutralisation with lime, 
limestone drains, wetland, vertical flow reactors, and 
diversion wells have been suggested in the region (Pyrbot et 
al., 2019; Singh and Chakraborty, 2020). A study by (Semy 
and Singh, 2021) on the water quality along the traditionally 
significant Tsurang river in Mokokchung, Nagaland 
indicated the river turned acidic (pH 3.3-4.9) with increased 
sulfate (231-308 mg/L) during the summer and autumn 
seasons due to coal mining and other anthropogenic 
activities mandating treatment before consumption by the 
local population.  

In the Gorbi coal mines of Singrauli, Madhya 
Pradesh, three pit lakes indicated an acidic pH (2.5) besides 
elevated  TDS (2270 ppm), EC (2990 μS/cm), sulfate (190 
mg/L), and metals like iron, aluminum and manganese 
(Shirin et al., 2021).  Further study on the water quality in 
the area revealed that although suitable for irrigation but 
water near the mines was unsuitable for domestic 
consumption due to contamination from mining waste 
dumps, AMD, and industrial discharges (Khan et al., 2013). 
(Kumar et al., 2022) observed acidification and elevated 
dissolved solids in the ground and river water near the three 
AMD afflicted coal mines: Bhatgaon and Mahamaya (UG) 
and Mahan (OC) mines in the Mahan River catchment of 
Chhattisgarh. In the Sattupalli coalfields of Telangana, 
sulfide mineralization of hydrothermal origin was observed 
along the faults, fractures, and cleats (Prachiti et al., 2011).  

The coal deposits in the Gondwana formations of 
Jharkhand and West Bengal are not associated with pyrites 
and have low sulfur, hence these mines generally do not face 
AMD problem. However, the presence of heavy metals in 
toxic concentrations was also reported in the drainage from 
Rajrappa coal mine complex of Jharkhand where cat fishes 
(Clarias batrachus) at laboratory exposed to mine drainage 
experienced bioaccumulation of metal severely depleting 
their nutritional value rendering them unfit for human 
consumption (Lakra et al., 2021). The coal mines from 
Jharia, Jharkhand and Raniganj, West Bengal discharge water 
with a circumneutral to alkaline pH, slightly elevated sulfate 
concentration and high mineralisation (Ray and Dey, 2020). 
Similar observations were made by (Tiwary and Dhar, 1994) 
about the drainage from certain mines in the Damodar River 
basin, where the groundwater quality was significantly 
affected due to mining activities but the mine drainage water 
had circumneutral pH with enhanced sulfate concentration 
(206-401.2 mg/L). Additionally, (Neogi et al., 2017) observed 
mildly acidic to alkaline mine drainage with sulfate as the 
dominant anion in the North Karanpura coalfields, 
Jharkhand; which was attributed to oxidation of pyrite 

and/or coupled reactions involving carbonic acid 
weathering.  

Mine water pollution is emerging as a significant 
water-quality challenge across India’s mineral-rich states. The 
interaction of intense monsoon rainfall, prolonged dry spells, 
and increasingly frequent extreme weather events amplify 
AMD generation and transport. For instance, Jharkhand and 
Odisha face acute risk of ground water depletion and 
contamination of fresh water resources from extensive coal 
mining; Meghalaya and Assam due to their high sulfur coal, 
steep terrain and high rainfall are highly vulnerable to rapid 
erosion, flood borne contamination problems; Madhya 
Pradesh and Rajasthan interspersed with coal and mineral 
mines experience most localised contamination which can 
threaten irrigation and groundwater quality. The changing 
weather pattern further accelerates the weathering, erosion 
and transport processes at the mines. Therefore, addressing 
AMD under a changing climate requires state-specific action 
plans anchored in early-warning monitoring, climate resilient 
mine waste management, and strong community protection 
measures. Without proactive interventions, AMD will 
remain a climate-aggravated-barrier to safeguard the limited 
fresh water resources and sustainable development in these 
mining regions.  
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