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UTTARAKHAND FLOODS

Explaining Flash Floods 
in Uttarakhand
Natural disasters in the fragile and tectonically-active Himalayas cannot be prevented 
completely but their impact can be minimised with synergistic planning

T
he mighty Himalayas often face natural calamities like 
earthquakes, landslides, flash floods, glacial and snow 
avalanches frequently. These natural calamities cannot 
be predicted or prevented completely. However, a state 
of preparedness and quick response can considerably 

mitigate loss of life and property and restore normalcy. 
The menacing flash floods that hit Kedarnath in the state of Ut-

tarakhand on June 16-17, 2013, are still fresh in public memory. As 
n Dr Sanjeev Kumar Joshi

The flash flood of 
February 7 

devastated the 
Tapovan dam in 

Chamoli district, 
Uttarakhand
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per a report of the National Institute 
of Disaster Management (NIDM), the 
2013 flash floods had occurred due to 
very heavy rainfall in the region on June 
16, followed by Chorabari Glacial Lake 
outburst and possible landslides on June 
17, devastating the Kedarnath region 
completely. That remains the worst  
Himalayan tragedy of our times. 

 The Himalayas are the youngest 
mountain ranges on the earth, made 
up of uplifted sedimentary and meta-
morphic rocks. The Himalayas are also 
tectonically very active, further making 
the mountain ranges very unstable, frag-
ile and susceptible to natural hazards. 
The International Centre for Integrated 
Mountain Development in Nepal in its 
studies has consistently pointed out the 
rapid building up of glacial lakes in the 
region. As a result of global warming, 
melting of glaciers has increased and 
this has led to the formation of glacial  
lakes. The mountains weakened by 
landslides holding the lakes are a fright-
ening prospect. 

 The most recent flash flood oc-
curred in Uttarakhand near the Ta-
povan area in Chamoli district about 
10.15 am on Sunday, February 7, in the 

environs of the Nanda Devi National 
Park, a UNESCO World Heritage Site 
in the outer Garhwal Himalayas in the 
state. The Rishi Ganga river originates 
from the Nanda Devi Biosphere Reserve 
(NDBR), established in 1982 around the 
peak of Nanda Devi (7,816 m). Satel-
lite imagery shows a clear scar of 500 
m width and 800 m length (approxi-
mately) moving downwards, with a 
probable breaking of small glacial lake, 
sufficient to grease away the large ice 
mass downstream a narrow valley of 
loose mountain soil. This mass travelled 
24 kilometres down from the slopes of 
Nanda Ghunti, a 6,300 m peak on the 
south-western rim of the Nanda Devi 
sanctuary, to an altitude of 1,900 m (4 
km of altitude fall allowing ice mass to 
face very high thermal shocks to melt) 
resulting in flash floods and claiming 
many lives. The disaster caused flooding 
in the Chamoli district, most notably in 
the Rishi Ganga river, the Dhauli Ganga 
river, and in turn the Alaknanda, the 
major headstream of the river Ganga. 

This tragedy again reminds us that 
the fragile, geologically active Himala-
yan region cannot be taken for granted.

On the fateful day, I immediately 

received the videos of the flash floods 
in the Tapovan area on WhatsApp. It 
was a terrible sight even to imagine but 
keeping cool was important. From a 
few of the videos, I tried to understand 
the flow of water from the movement of 
boulders, and the viscosity (thickness) of 
the fluid (water) in the river. On prima 
facie analysis, I could make out that for 
the initial five minutes of the video made 
by a mobile phone camera, there was a 

Above: Route map of the February 7 flash flood. Right: The highlighted glacial 
ice mass — 500 x 700m — broke off and created flash floods 
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flow of muddy water (more water, less 
soil). Afterwards, there was a consistent 
flow of thick mud (less water, more soil), 
which was clear because of the move-
ment of boulders along with thick mud. 
The distinction of water and mud flow 
was done through various conditions of 
solid-liquid interaction scenario.

Taking reference of the initial ob-
servation of videos where I could clear-
ly visualise water flow and then mud 
flow, I could playback the imagination 
with concepts of science. The total path 
length from the Nanda Ghunghti Gla-
cier to Tapovan area is around 24 kms 
in which ice mass, water, boulders, trees 
and soil flowed. There may be a small 
landslide underneath the hanging glacier 
blocking the flow of water from Trishul 
Glacier overnight, of which some traces 
can be seen at the place where the gla-
cial mass had fallen, thereby breaking 
glacial lake. 

A glacial block of approx. 500 x 700 
sq m size with an approximate thickness 
of 10 m, constructing approximately 02 
million cubic metres of ice mass along 
with a big rock portion, broke off from 
an altitude of 6,300 m and came down 

the valley with a very high velocity along 
a slope of 340, travelling approximately 
2.8 km. It was forced to stop immedi-
ately at 3,880 m, restricting its natural 
flow due to obstruction from the other 
sides of the mountains. 

This very high kinetic energy hit the 
glacial ice boulders. As a result, the soil 
and rocks may not only have broken the 
small lake created overnight but also al-
lowed pressure melting of glacial ice due 
to sudden restriction posed in its path. 
The air burst of rock mass created dust 
all around. This pressure melting would 
have then further caused the greasing ef-
fect and may have lubricated both sides 
of the valley, allowing complete mass to 
flow downstream under gravity. 

The flow route of Raungti Nala 
is narrow and full of loose soil mass, 
trees, boulders and rocks with numer-
ous twists and turns. The large ice mass 
along with rocks and debris, when 
achieved terminal velocity, would have 

further faced heavy friction and hence, 
melted into water, thereby increasing 
the water content. The terminal veloc-
ity achieved may have further created 
vacuum, thereby taking dust coming 
out of airburst of rocks along the flow 
path. The sudden altitude variation cre-
ating thermal shock to ice mass further 
helped in melting it, creating large water 
content. Till this time, the water content 
was in backstage and ice mass, boulders, 
eroded soil and debris were in the front 
creating erosion. Further, loose soil 
eroded from both the banks of Raungti 
Nala, gaining further momentum due to 
boulders and ice chunks. 

This whole mass travelled down 
nonstop with terminal speed, up to 8.5 
km distance, till it reached the conflu-
ence of Raungti Nala and Rishi Ganga 
river having semi-circular path towards 
Dhauli Ganga confluence point. Here, 
Rishi Ganga river meets at the tangent 
of that semi-circular path. When the 
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The sudden altitude variation creating thermal shock to ice 
mass helped in melting it, creating large water content

ITBP personnel involved in 
relief work after the flash 
flood in Chamoli district in 
February



large ice mass, boulders, tree 
trunks and thick mud reached 
this confluence point, it was 
not able to turn towards Ta-
povan area due to its high mo-
mentum and took tangential 
path inside Rishi Ganga river. 
It entered 200 m - 300 m in-
side the Rishi Ganga river and 
packed it, making an artificial 
lake on it. At this confluence 
point, the speed had gone 
down drastically, hence dust 
was not carried away further 
at the same speed but settled 
down maximally at mountain 
slopes near that confluence 
point. 

From here, glacial/melt 
water took the front role 
and moved forward, leav-
ing heavy mass behind at 
Rishi Ganga-Raungti Nala 
confluence point. The wa-
ter moved forward towards 
second confluence point of 
Rishi Ganga-Dhauli Ganga, 
travelling approximately 5.2 
km surficial distance in steep 
downward slopes and fur-
ther eroded the soil of narrow 
river banks, where more water 
of Dhauli Ganga got added to the flow. 
At this confluence point, the Dhauli 
Ganga and Rishi Ganga rivers meet at 
low angle, thereby not affecting the flow 
of the former. This large water content 
then created the starting pulse of havoc 
towards Tapovan Power Project.

In the meantime, semi-circular 
confluence point played another role of 
open-air mixing machine, to churn the 
slurry of water and soil and throw it to-
wards the Tapovan Project Area, behind 
the water flow pulse. The centrifugal 
force also acted in the compaction of 
embankment of artificial lake made on 
Rishi Ganga river — the embankment 
was made from inside by big chunks of 
rocks and boulder. The outer layer of 
embankment was made up of soil and 
small/ medium-sized rock-boulder com-
posite. Prima facie, the embankment of 
artificial lake thus formed looks to be a 
highly compressed and stable structure, 

but the possibly high ice mass constitu-
ent makes it risky and unstable, with  
the rise in temperature in the warm 
months ahead. 

Uttarakhand’s geography is very 
dynamic with 90% of the area being 
mountainous. Deforestation, land graz-
ing, illegal development on the soft bed 
of rock lead to disasters when a flash 
flood hits the area. Experts are of view 
that while tampering with the Himala-
yan slopes, one needs to be extra care-
ful as these are the slopes, which have 
evolved by exogenic and endogenic 
processes and hence are dangerously 

balanced, making them vul-
nerable to disasters. 

To avoid loss of lives and 
infrastructure, some impor-
tant steps must be taken in 
this fragile Himalayan Re-
gion such as identification 
of glacial lakes and hanging 
glacier, regular monitoring 
of discharge rates of all riv-
ers, installation of automatic 
weather stations and Doppler 
radars all around the Himala-
yas in proper density, and de-
velopment and installation of 
acoustic sensors for monitor-
ing of glacial crack propaga-
tion. Such systems should be 
installed which can transmit 
data from satellites at Earth 
Receiving Stations. 

Mountain weather fore-
casting is a complex phenom-
enon and this task must be 
top priority. Avalanche and 
landslide prediction and their 
mitigation in civil popula-
tion region of Uttarakhand 
must be pushed. Advanced 
engineering methods must 

be applied for construction of 
roads in the fragile Himalayan 

mountains rather than regularly used 
old methods. Big explosions/ blasts for 
road construction must be banned and 
controlled blast techniques must be 
used. Disaster management and ob-
servation of river discharge and other 
important parameters must be made es-
sential in school curriculum in the Hi-

malayan region. Each high Himalayan 
village must have a disaster management 
team, with required toolkit in case of 
an emergency. Large vertical construc-
tions must be banned in high Himalayan 
ranges and only eco-friendly construc-
tions be allowed. Last but not the least, 
internet facilities must be strengthened 
in the entire Himalayan region as social 
media played an important role in alert-
ing the administration and evacuation of 
villagers this time. 

*The writer is Technology Advisor 
to Secretary, Department of Defence 

(R&D) and to Chairman, DRDO

90% of Uttarakhand is 
mountainous. Uncontrolled 
human activity on soft bed 
of rock leads to disasters 
when flash floods occur
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Settlement of airburst dust 
near the confluence point of 

Rishi Ganga river and 
Raungti Nala
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Starting point of flash floods. Glacial avalanche, big 
rocky mountain dislocation and crack on rocks visible


