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ABSTRACT

This paper focuses on the upper watershed of Pochu River in Bhutan which comes under
Punakha District. Pochu has been a main tributaries of PunatshangChu which receives a
epormous amount of discharge throughout year either by rainfall as well as by melting the
glaciers at the sources of the river Pochu.On October 7, 1994 a glacial lake outburst flood
(GLOF) occurred on the Glacial Lake of Luggye in the Kingdom of Bhutan, sending a flood

" wave down the Phochhu and Punatsangchhu Rivers, claiming 22 lives and causing massive
property and livestock damage. Although major flooding had occurred in the past, the 1994
GLOF was the catalyst for the government of Bhutan to establish an Early Warning System

_giving downstream inhabitants sufficient time for evacuation. Similarly another Raptreng
lake is located which is to be outbursted at point of time.The study is carried out over a
stretch 20 km of Pochu river modeling taking the discharge from Rapstreng lake to see the
water profile if this Raptreng lake would outburst. River analysis and steady flow water
surface profiles were calculated using HEC-RAS.
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1. INTRODUCTION

Glaciers in the Himalayas are shrinking
more rapidly than glaciers in other regions
of the world (Fujita et al., 1997). Glacier
lakes are the most visible and probably the
. most dramatic consequence of ‘climate
change in the mountains. The possible
outburst of such lakes is a direct threat to
downstream populations and infrastructure.
‘This paper gives an overview of the present
situation and the potential danger. The
dynamic development of glacial lakes and
the dramatic consequences in case of
outburst has to be seen in wider context:
glacial lakes are the tip of the iceberg of
climate change. It can mean the gradual

receding of the storage capacity of water in
glaciers for the dry season, a quicker runoff
of water during monsoon season, and
extended days with little water. The long
term consequences affect the availability of
water downstream for food production and
have direct implications on food security.

The lakes of Bhutan comprise its glacial
lakes and its natural mountain
lakes. Bhutanese territory contains some
2,674 high altitude glacial lakes and
subsidiary lakes, out of which 25 pose a
risk  of GLOFs(Tirwa, Badan (2008-01-
19),Pelden, Sonam (2010-09-03). There
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are also more than 59 natural non-glacial
" lakes in Bhutan, covering about 4,250
hectares (16.4 sq mi). Most are located
above an altitude of 3,500 metres
(11,500 ft), and most have no permanent
‘human settlements nearby, though many
are used for grazing yaks and may have
scattered  temporary  settlements.(Bisht,
Ramesh Chandra,Survey of the Waters of
Bhutan).Glacial outburst floods can be
produced by water reservoirs existing in

front, or at the -surface, base, or margins of

glaciers (Hagberli 1983). During the strong
glacier shrinkage of the 20th century,
dangerous lakes developed in particular
behind moraines which had been deposited
by former glacier advances (predominantly
from the Little Ice Age or earlier Holocene
- cold periods). Such moraine-dammed lakes
show  different characteristics in
comparison to icedammed lakes, which
often have seasonal cycles of filling and
‘emptying (Blown and Church 1985).
Moraine-dammed lakes usually do not form
again after a complete catastrophic drainage

The flood destroyed ' bridges, homes,
agricultural land and the nearly completed

Namche Small Hydropower Plant, two

weeks before its inauguration, which
resulted in an estimated loss of US$ 1.5
million. Remarkably, only 4-5 people lost
their lives in the flood itself because a
Sherpa festival was in progress and few
people were walking the trails at the time
+ (ICIMOD/ UNEP 2002; Kattelmann 2003),

2. DATA AND METHODOLOGY

Satellite images of different years of 2009
are taken for present study. For the
watershed delineation ASTER DEM and
SRTM DEM 90 m are used.

It has been analyzed on the basis of only

water surface profile as the river does not.

have the cross-sections measurements. The
cross sections were being extracted from
the HEC-GeoRAS and it is one of the
extension tools for the GIS. With the help
of Digital Elevation Model, converting it
into Triangulated Network System (TIN),
cross section can be drawn on it and were
exported to the HEC-RAS. The Table 1.0
shows the every five years of interval of
volumes and discharges of Rapstreng
glacial lakes considering the increment of
lake per year would be 450923.67 m’.
These are the input data for the steady flow
analysis.
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Fig.1 Cross-section created in GIS by HEC-
GeoRAS

2.1 VOLUME OF GLACIAL LAKES
There is no estimate available for volume
of glacial lakes in Bhutan from their water
spread areas. However, some estimates are
available for glacial lakes in Swiss Alps, as
given by Huggel et al. , (2002). In the
absence of information on the volume of
potentially dangerous glacial lakes in
Bhutan, it is considered appropriate to use
the same relationships developed for the
lakes in Swiss Alps for estimating the water
volume for the lakes on Pho Chu and Mo
Chu sub-basins.

The empirical relationships as available in
the study by Huggel et al. (2002) are:
The lake volume is given by:

(V)=0.104 A1.42(1)
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. . 3 .
where V is the lake volume in m” A is the
Jake area in m”.

. The volume of potentially dangerous lakes
on Pho Chu sub basin were accordingly
estimated by equation and its rate of
growing per year are shown in Table 1. It
‘has been observed that volume of glacial
lakes are keep on increasing and among
that these lakes, Rapstreng lake is one of
the biggest volume at present as in Figure
1. Thus this lake can be outburst at any
time creating a catastrophic flow at the
downstream valley and for calculating the

maximum discharge, formula used as’

below.

Qua=179(V-10%)**(2)

Table 1 Input data for HEC-RRAS

Name of
Clacisl | Pate  of  merementvear
Lakes =4506236" m3 2009 ilE] 019
Rapitreng | Vohume Vs {m' 475191299 | 497T3TAEY [ S20283666
Rapstreng [ Peak Discharg: tm's-1) 2186 218239 NALE

ft cubie'secend 7478636 038, 1920408

Fig. 2 Figure showing the different
glacial lakes located at the Source
of Pochu (river)

Fig. 3Methodology Chart

2.2 DEVELOPMENT OF HEC-RAS

MODEL FOR STEADY FLOW,
WATER SURFACE PROFILE
CALCULATION

HEC-RAS gives one-dimensional, steady
and unsteady flow water surface profile
calculations. In this contest only steady
flow water surface profiles are generated
with the model and compared with
observed river discharge at the same river
locations.

The steady flow system is designed for
application in flood plain management and
flood insurance studies to evaluate flood
way encroachment. It also support for
assessing the change in water surface
profile due to channel improvement which
gives flow optimization at stream junction.

3. -STUDY AREA

The princely Kingdom of Bhutan is a
landlocked country, about 300 km long
and 150 km wide encompassing an area
of 46,500 square kilometers. Located
between longitude 88°45° and 92°10°
East and latitudes 26°15° and 28°4(°
North in the Eastern Himalayas, it is
bounded by India in South and South-
West and Tibetan autonomous region of
China in the North and North-West
respectively.

e ——  ——-
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_Virtually  the entire  country s is seen that cross-sections at B and C are
mountainous, and ranges in elevation flooding over the channels and also it is
i from 100m along the Indian border to the seen in Figure 7 at cross-section C, the
7,554m KulhaGangri peak on the Tibetan cross-section is mount up at the middle, it
border. These two extremes frame a is because of deposition of sediments at
; landscape which stretches from sub- that place.
tropical to arctic like conditions. The =

maximum East-West stretch of the
country is approximately 300 km and
north-South about 150 km.

Xsec-B

Lunana region is situated at the latitude of
28°05°30.207  and longitude  of
90°11°33.56” in the northern part of
country at the 4352 m a.m.s.l. Mostly the Fig. SRiver profile at the first stage of
northern part of Bhutan is covered with Outburst.
snow throughout the year and also have
glacier coverage. And there are few
" glaciers in which it has been noticed that
rate of retreating is faster forming.

e

Fig. 6 River profile at the last stage of
Outburst.

aMapof Bhunn | b) Glacial Lakes in Bhutan (Studv area)

Fig. 4 Study area

4. RESULT AND DISCUSSION
4.1 WATER SURFACE PROFILE IN

HEC-RAS AND CROSS-SECTION OF
RIVER

The following figure 5 is water surface
profile of river at the first stage of out
bursting mechanism whereas the last water
surface profile of river at the last stage of Fig. 7Four Cross-sections of river at
outburst is shown in Figure 6. It indicates different places.

the water surface level rises abruptly at the

first cross section at A of the river and then

keeps on lowering the water surface. When The Table 2 shows the general
it reaches to middle cross-section, the water characteristics of River (Pochu). It shows
tends to flood over the channel as the slope the variations of discharges at different
of the river becomes lower and flatter. As it*  locations, flow area variation at different
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locations and water surface elevation at
different locations. Figure 8 indicates the

comparison of water surface elevation (m)’

and flow area in m/sec throughout the
length of river.

Table 2General Characteristics of River

. Pochu by HEC-RAS

.

“

Fig. 8: Water surface elevation and
flow area throughout the length of
River
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S. CONCLUSION
The mountain glaciers are highly sensitive
to climate change and any change in
temperature highly affects glaciers on

mountains. It has been noticed that GLOF

phenomena ‘in October, 1994 and glacier
retreat are one of the main concern for the
government of Bhutan in very recent years.
To mitigate and adapt to the adverse
impacts of climate change, Bhutan,
Bangladesh, India and Nepal must set a
long-term shared vision and cooperative
actions to manage GBM basins(which is
now taking shape) develop more practical

collaborative structural and nonstructural

- ]
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projects of flood preventive measures
resulting from GLOF and erratic
monsoons.

GIS. based analysis and HEC-RAS model
helps for analysis of water surface profiles
for different river discharge. It also helps to
identify and design flood frequency
analysis for various return periods which
helps for engineering design of hydraulic
structures like bridges, culverts. There is a
flooding at the cross-section at B of 13200
m.
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