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This paper is based on research carried out for the last eight years in 
the high-altitude, cold mountain deserts of Ladakh to find sustainable 
sources of water to solve the drinking water problem by exploring and 
exploiting groundwater resources. Prior to this study, no report or 
publication was available on the exploration and development of 
groundwater resources in the region, and the entire water system was 
based solely on surface water resources or drilling of wells on the 
banks of rivers and streams. These systems were susceptible to 
seasonal fluctuations: flooding and silting in summer and freezing and 
bursting of pipes in winter.  

Contrary to earlier beliefs, groundwater is available in plenty in 
these high mountain ranges, and the Khardung-la catchment—of 
which Leh town is a part—is no exception. If these groundwater 
resources are tapped, there will be sufficient water not only for Leh 
but also for all the villages in the Khardung-la catchment area. The 
main aim of this paper is therefore to advocate maximum utilisation of 
groundwater resources in order to find sustainable solutions to the 
drinking water problem in the Leh area. If not exploited properly, 
these resources will flow unutilised into the river Indus. 

Geology and geomorphology  
The Khardung-la catchment is surrounded by batholiths on the 
northern, eastern and western sides, while the southern part is open to 
the river Indus. Batholiths are massive rock bodies resulting from the 
intrusion of the granites from the weak zones created in the region as a 
result of the tectonic collision of the Indian and Chinese Plates some 
60 million years ago. This impact is represented by the rivers Indus 
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and Brahmaputra and is popularly known as the Indus Tsangpo Suture 
zone. The impact of this collision lead to the subduction of the former 
below the Eurasian plate and in the process created weak zones which 
eventually paved the way for the intrusion of granites and other 
volcanic rocks. This ultimately led to the evolution of these gigantic 
magnificent batholithic hills in this part of the world.  

To the north the catchment extends from the Khardung-la peak 
(more than 18,000 feet high) towards Khalsar where it terminates in 
the Shyok river in the Nubra Valley. On the southern side it stretches 
as far as the Indus, including all the villages surrounding Leh. Further 
south across the Indus in the Stok Kangri Zanskar range, the geology 
is entirely different and is marked by sedimentary rocks characterised 
by grey sandstone and red shale alterations. These represent the onset 
of the continental conditions following the gradual shallowing of the 
Tethys Sea which once separated the two landmasses after the tectonic 
collision.  

The glacio-fluvial deposits in the catchment include boulders of 
varying sizes, as well as pebbles, sand and clay derived from the 
weathering and erosion of the Ladakh granite. The size of the boulders 
decreases at the lower distal ends of the catchment.  

Geological and paleo-glaciated evidence shows that the 
Khardung-la glacier has expanded and contracted at different times in 
the past, and suggests that the current era of global warming started 
much earlier than is commonly believed. Evidence from the borewells 
drilled in the catchment clearly suggests that Khardung la glacier 
extended right up to the banks of Indus river but due to global 
warming, which started much earlier then the advent of man in this 
region, it is now confined to the peaks of Khardung la mountain 
ranges. 

The beautiful ‘U’-shaped geomorphological structure of the 
catchment is the result of the past movement of the Khardung-la 
glacier which once extended right from the Khardung-la summit as far 
as the Indus valley, which was itself covered by a massive glacier. 
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History of habitation and water usage in the Khardung-la catchment 
The original settlement of Leh was confined to the area below the Leh 
palace, while the western part of the catchment was largely reserved 
for agriculture.  

This pattern demonstrates the geological awareness of the 
region’s early inhabitants: the western part of the catchment was more 
prone to natural calamities such as flash-floods and avalanches. On 
the other hand, the batholithic arc at Chubi on the eastern part of the 
catchment at Chubi protected the fort and houses from any natural 
calamity. Moreover, the arc checked the flow of water coming from 
the glacier above, and this resulted in a green portion in the otherwise 
arid valley. Water was drawn from Chubi into Leh through carefully 
constructed tunnels and canals. 

After the Dogra invasion in 1834, General Zorawar Singh built 
a fort near the stream in the centre of the catchment, and this was the 
turning point in the changing pattern of habitation in the region. 
Previously, the area near the Zorawar Fort had been considered to be 
unsafe: this is still true although there has been no major flash flood 
since the fort was built. 

Since time immemorial, the inhabitants of Ladakh have 
followed a predominantly agricultural lifestyle. Spring water was 
mainly used for drinking purposes, and surface water from streams 
and canals was used to irrigate the fields. However, changing climatic 
and economic conditions mean that surface water resources are 
shrinking.  

Moreover, the military pressure to keep the roads to Nubra open 
even in winter has forced the army engineers to dig into the 
Khardung-la glacier. This has accelerated the shrinking of the glacier, 
which was already suffering from global warming. Meanwhile, the 
region’s economic focus is shifting from agriculture to tourism, 
resulting in increased pressure on the surface water system. In the 
absence of a proper sewage system, and without sites for the 
disposable of solid waste, the sanitation situation in Leh is very poor. 
The old freshwater canals have become sewage canals. If nothing is 
done, these pollutants will definitely contaminate the groundwater.  

These social and climatic changes could result in decreased 
surface water discharge in the entire Khardung-la catchment. 
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Observations made in the last eight years show that groundwater 
levels have changed in the Chubi and Skara regions.  

The authorities have responded to the increased demand for 
water in Leh town by pumping water from the Indus. However, the 
expenditure needed for the laying and maintenance of water pipes is 
bound to increase in years to come, and after 15 years the entire pipe 
line may have to be replaced: the cost will run to crores of rupees. 
There is therefore an urgent need to find alternative solutions. 

Meanwhile, the Khardung-la glacier has receded almost 
completely and is currently confined only to the peaks. The risk of 
snow avalanche has vanished but the chances of flash flooding have 
increased tremendously. The decrease in precipitation in the form of 
snow combined with its increase in the form of rain could trigger this 
activity at any moment.  

When triggered by flash floods, the glacial deposits of mud and 
pebbles at Gompa village and South Polo have the potential to destroy 
entire villages in the catchment. This is almost certain to happen at 
some point in the future. One important point is that the effects of this 
devastation will be more on the western side rather than the eastern 
side of the catchment. 

Groundwater occurrence and exploitation  
Studies carried out in the last eight years show that the occurrence of 
groundwater in the Khardung-la catchment is related to snow melt 
ablation from the Khardung-la glacier. However, its movement is 
governed by the paleo-channels and the geomorphology of the area.  

Physical observation and data gathered from borewells drilled 
in different parts of the catchment suggest that a higher proportion of 
water from the glacier percolates in the form of groundwater rather 
than surface water. The geological conditions are ideal: the water 
percolates freely through sub-surface sand and pebble deposits, but the 
basement rock is of granite origin, and does not allow any further 
percolation. These conditions contribute to the creation of a multiple 
system of groundwater aquifers.  

In a borewell drilled near the Indus five such aquifers contribut-
ed to a discharge of some 80,000 litres of water per hour drilled at a 
depth of about 100 feet below the ground. Groundwater was also 
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explored and developed at North Polo at an altitude of some 15,500 
feet above mean sea level (the highest borewell in the world for 
drinking water). Also, of interest is a borewell drilled near the stream 
at Zorawar Point which was of artesian condition (this was the highest 
artesian condition in the world and has found its place in the Guinness 
Book of World Records). Borewells drilled in the Field Research 
Laboratory (FRL) have helped to solve the drinking water problem 
there and while at the same time increasing agricultural production. 
Borewells at the airport and the Indian Oil depot at Agling, which had 
previously been considered to be devoid of any significant surface 
water resources, brought discharge to the tune of between 3,000 and 
10,000 litres per hour. 

Sustainability of groundwater  
The sustainability of groundwater is a ‘million dollar question’ and it 
took me eight long years to answer it. However, this year when I was 
observing the Khardung-la glacier and saw its diminishing size, I 
understood the answer.  

The production of both groundwater and surface water in the 
catchment is directly proportional to the size of the Khardung-la 
glacier. The day that the glacier is gone, there will be a water crisis in 
the region. Even if the rains increase, they will bring more problems 
than solutions. Phenomena like erosion and flash floods will increase, 
but the majority of the water will simply wash away without recharge-
ing groundwater resources significantly. Groundwater would then be 
restricted to the distal part of the Khardung-la glacier i.e. along the 
banks of the river Indus. The upper and central parts of the Khardung-
la catchment would be devoid of groundwater resources. 

After eight years of experiments, it can now be clearly 
demonstrated that source of groundwater in the catchment is the snow 
melt from the Khardung-la glacier. Maximum melting and recharging 
of the groundwater takes place in summer when water is most 
required. However, the process of melting and recharging continues 
even in winter when snow is falling at the top of the Khardung-la top.  

The quality and quantity of water is another important area of 
research. Water supply schemes based on groundwater are more 
reliable than those based on surface water resources because the latter 
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are susceptible to freezing in winter and silting in summer. Generally, 
the temperature of groundwater is about 4C to 6C higher than surface 
water. Experiments carried out at the snout of the Siachen Glacier in 
the Nubra valley in winter, when surface water freezes and the outside 
atmospheric temperatures drop to -30C, show that the groundwater 
temperatures remain at +4C or more. Experimentation with modern 
techniques to use this temperature difference to heat rooms in winter 
and save fuel will be an additional source of energy for the inhabitants 
of the region.  

Exceptionally, groundwater temperatures are more than 100C in 
the case of hot sulphur springs found at Panamik in the Nubra valley 
and Chumathang in Changthang. The temperature is even higher than 
100C at geysers in the Puga valley. These resources are being serious-
ly considered as sources of geothermal energy. Detailed research and a 
feasibility report have been prepared by scientists from the National 
Geophysical Research Institute at Hyderabad.  

Experiments carried out in collaboration with the scientists of 
Field Research Laboratory (FRL) at Partapur in Nubra valley have 
demonstrated that the heat and temperature differences which the 
groundwater enjoys, when used to feed animals and plants in winter, 
have increased the survival rate of the plants and the production of 
milk in cows. However, these were just preliminary observations and 
need to be corroborated further with scientific data. 

Hurdles impeding the development of groundwater resources 
The main hurdles delaying the development of groundwater resources 
in the Ladakh region are a lack of scientific data and knowledge, and a 
lack of political will. To overcome these obstacles, it will first be 
necessary to inculcate scientific data and recent research in the minds 
of government officers. Secondly, villagers need to be educated about 
the pros and cons of using groundwater. 

In July 2004 efforts to explore and develop groundwater 
resources near Zorawar Fort for the Indian army met with heated local 
opposition because of unfounded fears that they would deplete surface 
water for drinking and agriculture. This resulted in demonstrations 
supported by local politicians, and the project had to be abandoned. A 
more positive approach by political leaders would have initiated a new 
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way of thinking based on scientific knowledge rather than pre-
conceived ideas. All this eventually prevented the development of 
groundwater resources in the catchment which was an ideal 
experimentation ground and a model place to show the impact of 
development of the groundwater resources in providing sustainable 
and economic solutions to solve the drinking and agricultural water 
problem of not only the Ladakh region but for the habitants of the 
entire Hindu Kush/Himalayan ranges.  

Conclusions 
Experiments carried out in the last eight years show that groundwater 
is available in plenty in the entire Khardung-la catchment. Efforts 
should be made to explore and develop this resource on scientific 
lines. The life of these resources at present is immense but with 
further decrease in the glacier due to global warming and man-made 
activities other then those advocated in the Paris Declaration (ozone 
depletion, green house gases, pollutions cutting of trees etc.) these 
water resources will perish. The time is therefore ripe to use these 
resources to take the opportunity while it is available. Once the 
glaciers are gone there will be no option but to pump water from the 
Indus. Therefore, judicious planning can save large quantities of fossil 
fuel which would be otherwise be consumed in pumping more water 
from the Indus to Leh town. 

Groundwater holds the key for sustainable solutions to solve 
drinking and agricultural needs not only in the villages in the 
Khardung-la catchment but in all the catchments in the region. Efforts 
should to be made to preserve and conserve the Khardung-la glacier as 
it is the source of freshwater reservoirs in the entire catchment. Efforts 
should also be made to prevent groundwater from being contaminated. 
Proper sewage canals and systems for solid waste management are 
needed to ensure the safety of freshwater resources. 

Finally, there is a need for further research to study the quality, 
quality, age, composition and temperature difference of groundwater 
resources, as well as their potential role as a source of geothermal 
energy. 
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