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Population : 6,34,982
Religion : Mahayana Buddhism
Area : 47000 Km?



Glaciers & Glacial lakes in Bhutan

Types of glaciers and glacier lakes Glaciers = 677

Glacial Lakes = 2674

Glaciers : 1. Debris covered glacier (D-type)  potentially dangerous lakes = 25
2. Debris free glacier (C-type)

Glacial lakes: Moraine dam



Relation Between Temperature rise
and Glacier Mass Balance
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Types of Glacier
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Average fluctuation rates of glaciers in Nepal and Bhutan

For all types (retreating, stationary and advancing)

Region Duration Horizontal retreat rate |No. of
(years) (m/yr) glaciers

Nepal 34 (1958-92) 3.14 100

Bhutan |30 (1963-93) 6.27 103

For retreating glaciers only

Nepal |34 (1958-92) 6.61 58
Bhutan |30 (1963-93) 7.36 86

Source : Karma et al 2003



Debris covered glacier
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Formation of Glacier Lake
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— as vertical thinning of glacier
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Mechanism of Expansion

Lugge Il

Small ponds on the debris-covered area
Aggregated medium pond, expansion thorthormi
begin

Large lake, rapid expansion continue tugge
Final stage, N0 more expansion Raphsthreng

Final sitage ey
= e =

GLOF depends on the moraine strength
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Expansmn of Thorthormi
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Impact of Glacier retreat

From WEP Program Report in Nepal 2005
For 3 Countries (Nepal, India, China)

1.Fresh Water Regime

- Glacier retreat increase river levels
---Flooding (IPCC 2001)

- |lce volume reduces with time
- -- Reduction in run offs
Example

- Reduction on Ganges river by two-third
-37 % India’s irrigated land
- 500 million people



Impact of Glacier Retreat

2. Glaclal Lake Outburst Flood

-Dig Tso in 1985 (Nepal)

- Zhangzangbo in 1964 &1981(China)

- Lugge Tso in 1994 (Bhutan)



Impact of Glacier Retreat

3. National Economic Loss

- Hydro Power
- Major Industries relying on water

- Water sensitive agriculture sector



Possible triggers and causes for
GLOF In the Himalayan mountains

///_\ /

/7 Indirect O\ / . . . \
\ . ) | Direct triggers Direct causes

\. 1triggers _~/ \ J
\—//

Glacial and snow
avalanche

Landslide
Debris flow

Over topping
Surge wave

Glacier
surge

Failure at

—p= Blockade
outlet

of outlet

Farthguake

.

Calving of
iceberg

- = ; SRR Moraine-dam
n(fitmg of ahm@——-> Rige of failure ;
ilacier rerreat water Rapid expansion

level/volume

Cutburst
Hood

of outlet

Glacier ]

\ advance =
S i

e — Increasing of
bl:?ilf’pi:ie dam vulperabilicy
\ Jin
bl /
Lateral erosion
of moraine

GLOF of
adjacent
glacial lake




Risk in Bhutan

Map Showing the Proposed Study Area Legend
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What Can We do?

« Mitigate critical glacial lakes at the source

* Installation of Technical Early Warning
System

e Hazard zonation for GLOF

To Save Lives and minimize damages to the
property of the people



Recent Projects

DGM — NCAP Project

- Hazard zonnation for GLOF along Puna
sang Chu from Khuruthang to
Lhamoizinkha

DGM-UNDPGEF Project

- Assessment for early warning system for
GLOF

DGM-UNDPGEF Project
-Lowering of thorthormi lake




Project Area : DGM-NCAP project

Map Showing the Proposed Study Area

z « Lunana Project Arka P }-* K‘fﬂ"\
4 ds $o . < 5 "
& g W o 2 d a R
S - | ¥t
3 ~ ‘“;l{( %Q &, 5 5y v
Gasa) i f
® 5 J
>y
1..Bumthang 4
Thimply _Trongsa _ ¢
‘= : "\ o
' w420 MW =10 -
Haa % 4 ’1; L ] -
- \-TToMW
680 MW
Zhi
® emgang ® |
75BMW
1508V
>
S
| Sarpang.. g
osed Project Area

f_!:wneg

280 MW ¢

? Mongar
(.

Legend
% Hydro Power Existing
B Hydro Power Proposed
B  ndustries Location
@ Glaciers

- Glaciers Lakes

Bhutan Main Rivers

320 MW

Yangtse
- L

250 MW

p; -ashigang

890 £ 830 MW

- T800+1000 MW

ePema’ Gatshel

55.;1 mdrup Jonigkhar

DGM-NCAP Project Area

\

Hazard maps exist

 Hazard maps
exist till
Khuruthang

 Major
developmental
activities

e Settlements



Project Aims & Objective

Base map for policy & decision makers and
planners.

To save lives & properties

To render higher degree of safety to the local
communities In the future.

Hazard zonation map for GLOF of the
area



Methodology

e Subjective Analysis

e Multi-criteria Evaluation

-

Worst Case Scenario

(Rapstreng + Thorthormi)




What we did?

Delineated areas with different colour code
representing different hazard level

High hazard zone

YELLOW Medium hazard zone

Low hazard zone




Hazard & Vulnerablility map




Vulnerability Assessment

Hazard Map No. of No. of No. of Historical No. of Road Length Area
Level Color | Buildings | People | | jvestock | Monuments | Bridges |  (Km) (Km?)
Red 46 136 06 04 01 1.94 0.70
Yelow | 30 122 14 03 00 251 093
Blue 44 96 17 02 00 3.43 0.13
Hazard Map Cultivated Land Arid Land Forest Cover | Built Up Area
Level Color (Kmg) (Barren, Open, Scrubs) (Km?) (Km?) (Km?)
Red 0.02 0.12 0.01 0.06
Yellow 0.02 0.07 0.01 0.03
Blue 0.59 0.39 0.42 0.28




Vulnerability Assessment

Hazard
Level

Medium

. )

Map No. of No. of No. of Historical No. of Road Length
Color | Buildings | People | jvestock | Monuments | Bridges | (Km)

117 362 28 16 01 522
Yellow 173 836 220 06 06 8.64
Blue 669 1781 1072 04 00 39.92




Project Frame Work
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