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CLIMATE-RESILIENT DAMS AND

HYDROPOWER INFRASTRUCTURE
INTEGRATING

ENVIRONMENTAL SUSTAINABILITY
IN PLANNING AND DEVELOPMENT

Enhancing GLOF Risk Resilience through Technology,
Governance and Community Preparedness

Ashok Thakur, National Disaster Management Authority (NDMA)




INCOLD

J Heavy Rainfall
- U Landslides
1 ‘Glacier Melting
] Earthquakes
] Avalanches




Booni Glacier, Chitral Basin, (Pakistan)

A Severe Glacial Lake Outburst Flood (GLOF) hit Booni
Gloe Nullah in the Upper Chitral district affecting the
local bridge, power house, and irrigation canals.

Latitude: 36.189061°
Longitude: 72.205278°
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Consequences of GLOF

lNCOLD NEW DELHI

] Loss of Life
 Infrastructure Damage
. Economic Disruption
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Chungtham Hydel Dam
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@ Environmental Consequences:
INCOLD Erosion, Sedimentation, and Ecosystem Disruption

Riverbed Erosion

The powerful floodwaters can scour and erode riverbeds, changing the landscape and
habitats.

Sedimentation

The flood waters carry massive amounts of debris and sediment, which can bury and
downstream ecosystems.

Ecosystem Disruption

The physical and chemical changes to the environment can devastate local flora and fauna,
disrupting food chains.



Raising of the river bed
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Affected everyone




Development of Glacial Lake (Ghephang Gath GL, LS,HP) N
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Lake volume (2015)=112.3 x 10°

FiliE

THE DEEPEST KNOWN GLACIAL LAKE IN THE
HIMALAYA
THE LOWER BARUN LAKE, NEPAL HIMALAYA
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@ Kazakhastan
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Each year, preventive measures
== 3re promptly carried out to
reduce breakthrough risks at 15-
18 moraine lakes. These include:

* expanding and deepening flow
channels,

 installing and activating siphons
with diameters from 200 to 300
mm, and

 pumping water from lakes using
high-capacity motor pumps.




@ Bhutan - EWS

INCOLD

-WW — W

Main Lake

Subsidiary Lake |  0.85 1.20 . 1.61

Subsidiary Lake Il 0.82 2.30 1.10 0.86




ENERGY Lake lowering efforts in Himalaya

Nepal’s first hydropower from a glacial lake R A

NEW DELHI

INCOLD

Turning global warming into opportunity, melting Himalavan glacier is harnessed for electricity
https://www.downtoearth.org.in/news/energy/nepal-s-first-hydropower-from-a-glacial-lake-80250

Lake lowering efforts in Himalaya
Langtang Microhydro Electricity ol

W, o 76 s,

b

powerhouse that generates 100kW of electricity, providing 24 hours of
electricity to 120 households and tourist lodges in Kyanjin and Langtang.
Climate-Resilient Dams and Hydropower Infrastructure: Integrating Environmental Susta




@ GLOFs in High Mountain Asia
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High Risk Glacial Lakes in Indian Himalayan Region .
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GLACIAL LAKE ATLAS
OF

. NRSC GLOF Atlas for Entire IHR Basin-\ INDIAN HIMALAYAN RIVER BASINS

Prepared under: National Hydrology Project
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@ NDMA 2020 Guidelines: Pillars

INCOLD
e Standardized identification &
m a p p | n g Of d a n ge rO u S I a keS NATIONAL DISASTER MANAGEMENT AUTHORITY GUIDELINES

MANAGEMENT OF GLACIAL LAKE OUTBURST FLOODS (GLOFs)

e Early Warning Systems  (risk
knowledge, monitoring,
dissemination, response)

e Structural & non-structural October 2020
mitigation; mainstreaming into ‘
d e Ve I O p m e n t NATIONAI;:m.SrTaikoT:::AGEE:i:T RA:I.!TMORI'I'Y
* Capacity-building of institutions; + e
community preparedness & drills S

and Cooperation SDC



GLOF Risk since October 2023
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1. South Lhonak
CoDRR — coordination, consistency, communication

2
3. Clarity on role

4. Clarity on objective — mitigation
5
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@ Prioritization by NDMA

INCOLD

* Lakes mentioned by one or more agencies in Category ‘High Risk’, it is
classified as ‘'NDMA-Category A'.

* Lakes mentioned by one or more agencies in Category- ‘medium risk’ -
classified as ‘NDMA-Category B’. and similarly, for ‘'NDMA-Category C’

 Lakes without mention of risk category have been categorized as

‘Unclassified’.
All these are:
* Within Indian Territory
* Either larger than 50 Ha
* Orexpanded >20% during 2019-21



GLOF Risk Profiling - Criteria by CWC Committee
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CoDRR - Interaction with States
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@ Mitigation Measures: %
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Probes
Last value from: 01/28/2026, 2:20 PM

1 < & ® =

Range 1d 1w 1Tm 3m 1y Al From 28 Jan 2025 To 28 Jan 2026
= S
O 4904 B
P E
3 — ©
0 e v
@ o ¥
o 4896- 0 £
o =
_—
4988- I 1 l l l l ~
Mar 25 May 25 Jul 25 Sep 25 Nov 25 Jan 26
Jan 24 Jul 24 Jan@S Jul 25 Jan¢26
- Lake Level P1 ayg — Lake Level P2 ayg - Temperature P1 ayg - Temperature P2 ayg — Water Level P1 ayg
— Water Level P2 5yq — Pressure P1 ayq — Pressure P2 ayg — Lake Level Diff P1 ayg — Lake Level Diff P2 pyq

— Air pressure [mbar] ayvg



Slope deformation
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@ Mitigation Measures
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Lake lowering at shako Chio lake, Retention structure at Goma
Thangu using solar pumping chu watershed, Dolma Sampa

MITIGATION OPTIONS




@ 15" Finance Commission Allocations (FY22-26)

INCOLD

S30 bn = Rs.2.28 lakh crore

* Preparedness and capacity-building (10%)

—  Pre-Disaster
* Mitigation (20%)

Disaster —m — —— — — — —m — — — — — — —

* Response and Relief (40%)

— Post-Disaster
* Recovery and Reconstruction (30%)

Climate-Resilient Dams and Hydropower Infrastructure: Integrating Environmental Sustainability in Planning and Development
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National GLOF Risk Mitigation Programme (NGRMP)

Programme Component

Hazard and Risk Assessment (15% Budget): This component focuses on creating a
comprehensive inventory of glacial lakes. The inventory will classify these lakes based on
hazard potential, vulnerability of surrounding areas, and overall GLOF risk.

Monitoring and Early Warning System (35% Budget): This involves setting up a robust
monitoring system using remote sensing techniques, advanced seismometers, water level
sensors, cameras, and trigger lines. Early detection of potential breaches is crucial for timely

evacuation and disaster response.

Mitigation Measures (40% Budget): This focuses on site-specific interventions to reduce the
risk of GLOFs. This could involve reinforcing unstable moraine dams holding back glacial lakes
or controlled drainage of lake water to lower pressure.

Community Awareness and Capacity Building (10% Budget): The program recognizes the
importance of community preparedness. This component involves raising awareness about
GLOF risks and building capacity among local communities for better disaster response.



PRA Exercise at
Lachung:
Raisi

Awareness on

GLOF Dangers
and Creating
Evacuation Maps
for Residents
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11" & 12" November, 2024
Hall, India Habitat Centre, New Delhi

Two-day international workshop titled "Strategies for GLOF Risk {3
Reduction"” 11th and 12th November 2024 at India Habitat Centre, o

KKKKK

NEW DELHI

New Delhi

!E:"_iEIDRR-— 4: Strategies for GLI(

1% B A Mowcmnber, 220
dacaranda Hall, lielin Hablbad Cerdre, Mie Dolbl

CoDRR

WORKSHOP

11" & 12" November 2024

India Habitat Centre, New Delhi

Strategies for GLOF Risk Reduction

National Disaster Management Authority in association with
Department of Water Resources, River Development and Ganga Rejuvenation



@ Summary:-
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NDMA has taken significant initiatives for Glacial Lake Outburst Flood (GLOF) risk
management in the Himalayan region. The South Lhonak GLOF event in Sikkim
(2023) highlighted the urgent need for proactive measures. Key highlights include:
*Prioritization of 141 High Risk glacial lakes based on risk profiling and categorization
of high-risk lakes.

*Development of comprehensive NDMA Guidelines (2020) for GLOF management
covering preparedness, mitigation, and response.

Installation of early warning systems (AWS & cameras) at South Lhonak and Shako
Cho lakes for real-time monitoring.

eLaunch of the National GLOF Risk Mitigation Programme (NGRMP) with a X150
crore budget for hazard assessment, monitoring, mitigation, and community
awareness.

*Regular expeditions, surveys, capacity-building programs, and community
awareness drives in vulnerable Himalayan regions.







