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E NATlONAL GREEN TRlBUNAL,
EASTERN ZONE BENCH

KATA

| REPLY FOR Anp
RESPONDENT NO.5

MosT RESPECTFULLY SHOWETH:

on of Late Dinesh Chandra
ointed ag the
» funct

Rai, aged aboyt 35
are as unde

Executive Engineer, Central Water
ioning / ofﬁciating at Sikkim, dg ereby solemnly
r-

That T am the authoriseq signatory in the aforementioned Matter. On the
asis of records, 1 am well conversant With the facts of the case and hence,
Competent to Swear this affidavit,

state that the conte

Present Affidavit and
in the Affidavit are t
best of my knowiedge.
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BRIEF SUBMISSIONS
=== SUBMISSIONS

. That the 0.A. No. 171/2023/EZ is a Case has been filed by the Hon'ble

National Green Tribunal to restrain Respondent No. 5 from proceeding any
further in the matter of “Sikkim: Here's why the Chungthang Hydro-

dam breach is a BIG DEAL" news report published in the *East Mojo’ on
05.102023.

. As per order dated 20.11.2023 in the said earlier O.A. 633/2023/PB, Ld.

Tribunal constitute a committee and directed to file a report within 6(six)
weeks before the Ld. NGT/EZ.

. That in the 0.A. 171/2023/EZ Ld. Tribunal in the order dated 28.11.2023

impleaded as a respondent no. 5 and directed to file the counter affidavit.

And for the compliance of the order dated 28.11.2023 answering respondent
prepare a report in the said matter.

A copy of the Report of Central Water Commission IS annexed
herewith and marked as Annexure - R-1,

Hon'ble Tribunal,

S

DEPONENT

Executive: Engine- ¢
Tatam & R
Sikiim Inveatigation L .»
FoToIo Wy, Wz -
CWC, Tadong, Gangtci., .. ...
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VERIFICATION

I, Shashwat Rai, Son of Late Dinesh Chandra Rai, aged
about 35 years the above-named deponent, do hereby verify that
the contents of above this Counter Affidavit are true and correct
on the basis of official record maintained by the answering
respondent in the daily course of its business and state that
neither any material has been concealed there from nor is any

part of it false.

Signed and verified on this 26+ Day of April, 2024 at Kolkata.
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Annexure - R-1 C(b\\j
; to Eastern Bench Zone
Report of Central Water Commission in QA AT412023 before NGT Princt;?a| Fiench. New Delhi transferred 10 tastern Bench Zone,
Kolkata on News item appeared in East Mojo on 05.10.2023 titled “Sikkim:
BIG DEAL”

Here's why the Chungthang Hydro-Dam breach is a

1. Central Water Commission (

CWC) maintains a network of hydro-meteorological sites on all maior rivers in India, which are used
for hydr&meleom\ogica\ data collection as well as flood forecasting purposes.

On the ensuing night of the GLOF

(Glacial Lake Qutburst Flood) event i.e. 31d . 4th Ogtoher 2023, due to sudden, heavy and
unprovoked flow, the three QWG sites at Lachen, Rangma Range and Sangkala
Benchmarks, Site Office etc) and n

ng got washed away (viz, River Staff Gauges,
etwork connectivity was complet
taken,

ely disrupted, hence the river water level data couldn't pe
3 H
s

OWever, as soon as CWC got the information abgut the disastrous event, the same was
{ekeholders further downstr

communicatedto all the concemned
eam viz. NHPC, District Authoriies and State Disaster Manage
-0200 hrs, and alsg thereaft

ment Authorities, at around 0130 hys
&1 on 4% October, 2023,

The operation ang maintenance of hydropower projects in Sikkim and ensuring its safety is the responsibility of the
respective Project Authorifes such as NHPC and State Government CWC do not have direct say in the operation/ regulation
of spilway gates in these hydro Power projects,

Setting up of Early Warming Syst

em and taking other appropriate disaster rigk mitigation inj
State Disaster Management Authorities.

fiatives is theresponsibility of the

6. Thisistg mention that
$

periodically, CWC alsoissugs a Monitoring Report on the status of Glagia Lakes and Water Bodies (i
pecified size) tg 4 the Stakeholders, including the State Government ke State of Sik;
Necessary action (Report attached).

of
m, for information and further
- Ao, CWC, in March, 2015 hag also shared an Advisory Report wh
Lhonak Lake in Sikkim and other Clacial Lakes
Projected therein, The said

ere different possiple Scenarios in case of breach of South
nits vicinity were brought out ang resultant quantifiable flogq Wav
'eport was shareq wifh all stakeholders including the State Government for inform
Prompt action and alsg vailable in Cwe Website, (Report altached)

€S anticipateq)
ation ang taking

(4)
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Executive Summary

The Himalayan Region (HR) is facing important challenges in view of coping with
the adverse effects of climate change. Physically, the shrinking of mountain glaciers and
expansion of Glacial Lakes are amongst the most recognizable and dynamic impacts of
climate warming in this environment. In combination with this altered stability of
surrounding rock and ice walls, the potential threat from Glacial Lake Outburst Flood
(GLOF) is evolving over time. Therefore, under such changing environment, a close watch
on the relative change in water spread area of even smaller lakes has become very crucial
in this region.

Remote sensing technique being the most cost effective and reliable approach
especially for remote and difficult to access terrain, has been applied for detecting water
spread area of such lakes. For analysing and processing large number of remote sensed
satellite imageries. Google Earth Engine (GEE), which is an open-source cloud computing
platform, has been used. High resolution multi-spectral and microwave (SAR) images at
10m resolution from Sentinel satellite have been analysed. This facilitated in detecting
lakes even in cloudy conditions.

The water spread areas for Glacial Lakes and Water Bodies has been calculated in
an automatic manner. Manual digitisation, of the lakes was carried out wherever required.
The algorithm for automation has been developed in-house in GEE. The detailed
methodology is included in this report.

For the month of October, 2023, a total of 902 Glacial Lakes and Water Bodies
have been monitored. It includes 477 Glacial Lakes & Water Bodies, with water spread
area greater than 50 ha, which are being monitored since 2011. All Glacial Lakes with size
of 10 ha and above as per NRSC inventory, 2009 have been monitored. Further, the
critical Glacial Lakes as identified by Swiss agency for Development and Cooperation
(SDC) for NDMA in their report titled “Synthesis report on GLOF hazard and risk across
the Indian Himalayan Region” has also been included in monitoring.

The monitoring was based on analysis of 14013 satellite images in the month of
October, 2023. From disaster point of view, the base year and average area for last 5 and
10 years, has been considered to determine the maximum change. It was observed that
out of 477 GL&WBs with size greater than 50 ha, 26 GL&WBs have shown increase in
water spread area greater than 40%, 188 GL&WBs have shown increase in water spread
area less than 40%, 28 GL&WBs have shown no change in water spread area, 220
GL&WBs have shown decrease in water spread area, and change detection for
remaining GL&WBs could not be performed due to various reasons like frozen condition,
dried up condition, cloud cover etc.

Further, for the remaining 425 Glacial Lakes with water spread area of 50 to 10 ha or

Vi



170
23

smaller, the area of the GLS for the month of October 2023 was compared with the
average area of GL for the year 2022(average of June to October 2022). Out of these, 215
GL have shown an increase in water spread area, 37 GL have shown no change in water
spread area, 156 GL have shown decrease in water spread area, and change detection
for remaining Glacial Lakes could not be performed.

vi
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1. Introduction

1.1 Background

Glacial retreat due to climate change occurring in most parts of the Hindu Kush Himalaya
has given rise to the formation of numerous new Glacial Lakes. The water in these Glacial
Lakes accumulates behind loose naturally formed 'glacial/moraine dams' made of ice,
sand, pebbles and ice residue as the glaciers melt. Different types of lakes may have
different levels of hazard potential depending upon many factors like the nature of the
damming materials, the position of the lake, the volume of the water, the nature and
position of the associated mother glacier, physical and topographical conditions, and other
physical conditions of the surroundings. Interaction between the above-mentioned risk
factors and triggering processes like ice avalanches, debris flows, rockfall, earthquake or
landslides reaching a lake strongly affect the risk of a lake outburst. For instance, moraine-
dammed lakes located at the snout of a glacier have a high probability of breaching with
high hazard potential whereas there is a reduced risk of breaching in case of erosion
lakes.

Glacial Lake Outburst Flood (GLOF) is created when water dammed by a glacier or a
moraine is released suddenly. Some of the Glacial Lakes are unstable and particularly
moraine dammed lakes are potentially susceptible to sudden discharge of large volumes
of water and debris which causes floods downstream. Climate change is expected to alter
and potentially increase the probability of lake outbursts in the future.

1.2 Remote Sensing Technology

Remote sensing is the science of acquiring information about the Earth's surface without
actually being in contact with it. This is done by sensing and recording reflected or emitted
energy and processing, analysing, and applying that information. Satellite remote sensing
(SRS) technology has contributed significantly to the acquisition of Earth’s resources, thus
helping in their better management. SRS plays a complementary role to other means of
spatial data acquisitions i.e., through conventional procedures. Satellite remote sensing
offers several unique advantages quick data collection, reliability, more accurate, repetitive
collection, geometric integrity and digital storage, which makes it an ideal tool for mapping,
inventorying and monitoring the natural resources.

Due to the remote location of Glaciers and Glacial Lakes their access is difficult, owing to
tough and difficult terrain. Thus, preparation of inventory of Glacial Lakes using
conventional methods requires extensive time and resources together with undergoing
hardships in the field. Creating inventories and monitoring of the Glacial Lakes can be
done quickly and correctly using satellite images and aerial photographs. Use of these

1
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images and photograph
greater accuracy. The multi-stage approach using remo
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s for the evaluation of physical conditions of the area provides
tely sensed data and fielgi

investigation increases the ability and accuracy of the work. Visual and digital image
analysis techniques integrated with techniques of geographic information systems (GIS)
are very useful for the study of Glacier and Glacial Lakes.

1.3 Objectives

The broad objectives of the study are

To monitor the spatial extent in terms of water spread area of the Glacial Lakes &
Water Bodies on monthly basis during June to October.

To detect changes in water spread area of GL&WBs with respect to historical
information & base year.

To detect any sharp change in area of GL&WBs for disaster purpose

To share the monitoring reports with concerned stakeholders including National
Disaster Management Authority / State Disaster Management Authority.
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2. Study Area &Satellite Data Used

2.1 Study Area

The present study area covers the GL& WBs lying in the region of Himalaya and Tibet t.hat
drains to India as shown in Figure 2. The study area extends across different countries,
namely, India, Nepal, Bhutan and China.

The Glacial Lakes and Water Bodies taken up for the monitoring in the study area are as
follows:

* Monitoring of 477 Glacial Lakes and Water Bodies, with water spread areagreater
than 50 ha which have been included from the inventory of Glacial Lakes & Water
Bodies in the Indian Himalayan region using satellite data of the year 2009 prepared
by NRSC (Ref: NRSC Report No. NRSC-RS&GISAA-WRG-CWC-Lakes- May2011-
TR255).

* Monitoring of 385 Glacial Lakes, with spatial extent greater than 10 ha, which have
been taken from the inventory of Glacial Lakes & Water Bodies in the Indian
Himalayan region using satellite data of the year 2009 prepared by NRSC (Ref:
NRSC Report No. NRSC-RS&GISAA-WRG-CWC—Lakes—May201 1-TR255).

* Monitoring of 40 Glacial Lakes, which have been listed as high priority lakes, as per
Synthesis report on GLOF hazard and risk across the Indian Himalayan Region
prepared by Swiss Agency for Development and Cooperation (SDC) for NDMA.

A total of 902 Glacial Lakes and Water Bodies have been monitored. Of these, 544 are
Glacial Lakes and 358 are Water Bodies. All Glacial Lakes of size 10 ha and
above as per NRSC 2009 inventory and few Glacia
identified by SDC have also been included for monit
and Water Bodies is shown in Figure 1.

| Lakes of size smaller than 10 ha as
oring. The break-up of Glacial Lakes
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FIGURE 1: LAKE TYPE DISTRIBUTION
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2.2 Satellite Data Used

2.2.1 Sentinel-2 MSI

It is a wide-swath, high-resolution, multi-spectral imaging mission, supporting Copernicus
Land Monitoring studies, including the monitoring of vegetation, soil and water cover, as
well as observation of inland waterways and coastal areas. The SENTINEL-2 Multispectral
Instrument (MSI) samples 13 spectral bands: four bands at 10 metres, six bands at 20
metres and three bands at 60 metres spatial resolution. The revisit frequency of each
single SENTINEL-2 satellite is 10 day and the combined constellation revisit is 5 day.

222 Sentinel-1SAR (Micro)

(SAR) active sensor which can observe the Earth's
regardless of weather and environmental
t wavelengths not impeded by cloud

It has C-band synthetic aperture radar
surface at any time of the day or night,

conditions. SAR has the advantage of operating a
cover or lack of illumination. SAR actively transmits microwave signals towards the Earth

and receives a portion of transmitted energy as backscatter from the ground. The SAR
instrument provides radar backscatter measurements influenced by the terrain structure
and surface roughness. Generally, the more roughness or structure on the ground, the

greater the backscatter. Rough surfaces will scatter the energy and return a significant

amount back to the antenna resulting in a bright feature. The repeat orbit cycle of each

Sentinel-1 satellite is 12-day.
essed for the month of October - 2023 were 14013.

The numbers of satellite images proc
ges and 4650 were Microwave images as shown in

Of these, 9363 were Multispectral ima

Figure 3.

= MSI

& Micro

FIGURE 3: ANALYSED SATELLITE IMAGES DISTRIBUTION

6
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3.Methodology

Google Earth Engine (GEE) being a planetary-scale platform for Earth science data &
analysis has been used to process the Multispectral and Microwave Sentinel image data
for the monitoring of Glacial Lakes & water bodies. The Microwave and Multispectral
Satellite works on different principle, hence separate methodology has been applied to
compute the water spread area of GL&WBSs in an automatic manner.

Multispectral data consist of visible and infrared bands. The spectral combination of NIR,
red & green bands is used to generate false colour composite (FCC). The Normalised
Difference Water Index (NDWI) is computed using green and NIR band. The process of
calculation of NDWI and FCC is repeated for each GL&WB. The OTSU algorithm is further
used to identify the threshold of NDWI for segregating water pixels from other types of
features. The detected water pixels are further summed to calculate water spread area in
the region of interest.

Microwave data of Sentinel-1 is a phase-preserving dual polarisation SAR system. It can
transmit a signal in either horizontal (H) or vertical (V) polarisation, and then receive in
both H and V polarisations. The backscatter intensity of vertical transmit vertical receive
(X) band has been used to distinguish water pixels from other types of features. The
OTSU algorithm is further used to identify the threshold of backscatter intensity for
segregation. The water spread area of each lake has been calculated by summation of

water pixels in the region of interest.

It has also been observed that some GL&WBs are required to be delineated manually
based on the visual interpretation of satellite images. This is due to the fact that region
being monitored has rugged terrain with steep mountains and valleys, which may lead to
effects like foreshortening, layover, mountain shadows etc in the microwave/SAR data.
Also, the cloud cover on many occasions hinders the performance of Multispectral Satellite
data. Thus, creating difficulty in interpreting the signal through automatic means.

The change detection in water spread area of Lake has been calculated for following three

cases.

 Difference between the current area of lake and base year
» Difference between the current area of lake and Last five years average area
« Difference between the current area of lake and Last ten years average area

The minimum of change observed in three cases has been adopted to identify increase,
decrease and no change in water spread area.

The detailed flow-chart of methodology for automatic monitoring of Glacial Lakes and
Water Bodies using satellite images is given below in Figure 4.

7
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Google Earth Engine
(GEE)

Sentinel Satellite Data

Repository
— ey [
Multispectral Micro
[ I e
Filter by Lake Filter by Lake
Location, Month & Locatlon, Month &
Year Year
' R
Mosaic based on least Mosalc based on last
cloudy Images image of the month
| ] F—
False Color Composite VV Band
| R I
OTSU Algorithm For OTSU Algorithm For
automatic detection automatic detection
of threshold of threshold
[ R R
Area calculation by Area calculation by
summation of water summation of water
pixels pixels
L Max Change Max Change
Detection based on Detectlon based on
Historical Information Historical Information

FIGURE 4: METHODOLOGY OF AUTOMATIC MONITORING OF GLACIAL LAKES & WATER BODIES
USING SATELLITE IMAGES
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4. Results

'-l'he water spread area of 902 Glacial Lakes & Water Bodies was ca.lc':ulated for the
month of October 2023 in an automatic manner and manually digitized v'vherever
required using the methodology described above. It includes 477 GL&WBs with water
spread area greater than 50ha which are being monitored since the year 2011 and 425

GL&WBs with water spread area 50 ha to 10 ha or smaller being monitored from the
year 2022.

For 477 GL & WBs, the water spread area of October, 2023 and maximum detected
change in water spread area with respect to base year, last 5 years average area & last
10 years average area is shown in Table 1 to Table 5.

The remain‘ing 425 Glacial Lakes with size up to 10 ha or smaller were monitored from
the year 2022. The water spread area for such lakes for the month of October, 2023

and the change detection with respect to average area of the year 2022(June to October
2022) was calculated and is shown Table 6 and Table 7.

It was observed that out of 477 GL&WBSs with size greater than 50ha, 26 GL&WBs have

shown increase in water spread area greater than 40%, 188 GL&WBs have shown

increase in water spread area but less than 40%, 28 GL&WBSs have shown no change in

water spread area, 220 GL&WBs have shown decrease in water spread area, and

change detection for remaining GL&WBs could not be performed due to various reasons
like frozen condition, dried up condition, cloud cover etc.

Further, out of 425 Glacial Lakes with size up to 10 ha or smaller, 215 GL have shown
an increase in water spread area, 37 GL have shown n

156 GL have shown decrease in water spread
remaining Glacial Lakes could not be performed.

0 change in water spread area,
area, and change detection for

The same is shown in Figure 5.

(52



180

Monitoring of Glacial Lakes & Water Bodies October, 2023

1000 - 902
900 :
= 800
2 700
o3 600
@ 500
S 400
2 300
200
100 & 32
0 o o I o I
No. of No. of No. of No. of No. of
GL&WBs GL&WBs GL&WBs GL&WBs  GL&WBs with
Monitored showing showing showing no change
Increase in  Decrease in  changein detection not
Area Area Area performed

FIGURE 5: OVERALL CHANGES IN WATER SPREAD AREA OF GL&WBS FOR OCTOBER, 2023
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5. Conclusions

5 Glacial Lakes and 21 Water Bodies of size greater than 50 ha are required to be
vigorously monitored for disaster purpose. These Glacial lakes/water bodies
have shown increase in water spread area greater than 40%. 4 Glacial lakes and 16
Water Bodies are in China, 1 Water Body is in Bhutan and 1 Glacial Lake & 4 Water
Bodies are in India. The Glacial Lake in India is located in Sikkim and Water Bodies
in Ladhak(1No.) & Arunachal Pradesh(3 Nos.). The details of these Glacial lake/
water bodies have been highlighted in Table 1.

55 Glacial Lakes of size greater than 50 ha have shown marginal increase in water
spread area ranging from 1 to 40%, while 5 Glacial Lakes of size greater than 50 ha
have shown no change and 51 Glacial Lakes of size greater than 50 ha have shown
decrease in water spread area.

19 Glacial lakes of size greater than 10 ha (up to 50 Ha) and 4 GL of size less than
10 ha have also shown an increase in water spread area greater than 40% in
comparison to the average area of the lakes for the year 2022.

Google Earth Engine (GEE) has proved to be a very useful and efficient tool in
processing large information equivalent to 14013 satellite images in least possible
time.

Automatic algorithm developed in GEE has expedited the process of calculation of
water spread area, which has resulted in increase of monitoring of number of lakes
from 477 to 902 without any increase in manpower resource and financial
implications.

Use of Microwave satellite image in conjunction with multispectral satellite image
(MSI) has overcome short-comings of cloud cover-leading to monitoring of all 902
Lakes in all weather conditions. This has increased availability of satellite images at

shorter frequency interval. This will further facilitate in reducing the monitoring
interval in future.

The use of Sentinel satellite image has increased the spatial resolution from 56m
to10m leading to enhancement of monitoring accuracy. Sentinel images have also
aided in improving the temporal resolution.

11
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EXECUTIVE SUMMARY

. icrised basins
Glacial lakes (GLs) are common in the higher clcvatl(mv‘()ffj]ifilt?(jﬁicd by
in Himalayan region and Water Bodies (WBs) are b *‘}ijvc landslides.
obstructions created in the drainage path gcncr:{”)’ duc to mab.b Incldents of
GLs are formed when glacial ice or momincs. impound water. ncreating
outburst of Glacial Lakes/Water bodies in Himalayan rc!;lO}f: :}lfﬁ o éauscd
which have potential of flooding in downstream arcas. Maso ;)Or;t Elred
by the outburst of GL/WBs arc called as Glacial Lake Outbu

(GLOF)/Lake Outburst Flood.

CWC has prepared an inventory of GL/WBs (area > 10 ha.) mwtgc
Himalayan Region through NRSC, Hydetabad in June 2011- ’.I'hc GL/WBs
are being monitored (area > 50 ha) on monthly basis during monsoor;
season. The monitoting reports are shared with the related field offices o
CWC for considering the information in flood management, as deemed fit.

P by CWC to identity habitation or important structures
of GL/WBs which are vulnetable from flood hazard

of GLOF. The size & location of GL/WBs; human
habitation; water tesources project in the downstream areas were considered
for prioritising GL/WBs for taking up the outburst or breach studies, in
ordet to advise the concerned States and stakeholders.

A study was taken u
in the downstream
aspects in the event

It was reported that South Lhonak Glacial Lake in Sikkim is having very
high probability of sudden outburst which may cause floods in downstream
ateas. CWC conducted 2 Study up to about 175 km downstream of the lake
using information from inventory of GL/WBs, monitoting reports, cross
section data @ 1 km interval extracted from CartoDEM ver.2 to analyse

It has been observed that four glacial lakes g2t different locations are
discharging in the initial reach of the ftiver. Total Five probable scenarios
were analysed for the worst possible situation including a scenario where all
four glacial lakes burst at same time but the possibility of that event is very
low. The outcome of the study is in the form of likely rise in water leve]
over and above the existing water level in the river due to constant flow of
1000 m’/s. The rige in watet level is vatying from 2.0 to 15.24m at varioys
identified locations and is expected to reach in 4 span of 1.5 ht hr to ¢ Iy
from the time of bursting of the lake(s). The State authorities are advised to



258

1. INTRODUCTION

Glacial lakes (GLs) are common in the high elevation of glacierised basins in
Himalayan region and Watet Bodies (WBs) are being formed by
obstructions created in the drainage path due to landslides or manmade
structures. GLs are formed when glacial ice ot moraines impound water.
There are vatieties of such lakes, ranging from melt water ponds on the
surface of glacier to large lakes in side valleys dammed by a glacier in the
main valley. These lakes notmally drain their watet through seepage in front
of the retreating glacier. The moraine creates topographic depression in
which the melt water is generally accumulated leading to formation of glacial
lake. When this lake is watertight, melt waters will accumulate in the basin
until seepage o overflow limits the lake level. The impoundment of the lake
may be unstable, leading to sudden release of large quantities of stored
water. Flash floods caused by the outburst of GL/WBs, called as Glacial
Lake Outburst Flood (GLOF)/Lake Outburst Flood, are well known in
Himalaya. The shrinkage of Himalayan glaciers has resulted in the formation
of more motaine-dammed lakes. Bursting of such lakes lead to flash floods
and these floods redistribute sediments and modify the landscape.

The study has been taken up to analyse the impact of GLOF at vulnerable
locations including villages, water resousces projects etc. in the downstream
areas. The analysis has been carried out by developing mathematical model
of the system using MIKE-11 software.

. OBJECTIVE

The objectives of the study are as following:

1. To develop mathematical model for glacial lake outburst study for Teesta
River.

2. To study impact of outburst flood at identified vulnerable locations
along the river in downstream.

. STUDY AREA AND DATA

3.1. Study Area

Main study area is upper reaches of the Teesta River which is one of the
majot tributaties of River Brahmaputra. The river reach, considered for the
study starts from origin of critical lake(s) to village Bara Mungwa [Lat: 27°
3'56.13"N Long: 88°25'27.69"E]. There ate four lakes whose outburst may
cause serious flash flood situation in the downstream areas.

21/
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3.2.Data

s have been taken
dies in Himalayan
g reports. Cross
extracted using
¢ lakes, due to
0 m and also an

he river for the

four glacial lake
akes/Watet Bo

Water sptead atea and lake-TDs of the
nthly monitotin

from the report “Inventory of Glacial L
Region of Indian River Basin” and mo
sections of the river reach @ 1 km internal have beett
CartoDEM ver.2. In the absence of bed profile of th
inaccessibility, the average depth of lakes has been taken as 3
existing constant flow of 1000 m’/s has been assumed in t

purpose of study.
1 below shows Google earth image of glacial lakes and locations of

(existing and planned) on the River Teesta

Fig.
g locations and their drainage path are

villages and hydro power projects
and the schematic diagram showin

shown in Fig. 2.

Fig. 1: Google earth im
image of glacial lakes and ' -
hydro power projects (existing and planr?ed)locfstiﬁzﬁ\f;ﬂ'?ges wnd
eesta
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2/

Origin of River

‘ o > Lake 4 (03_78A_001) l

Lake 3 (03_77D_004) *l
O

Lake 2 (03_77D_002)

South Lhonak Lake

‘ — el
HP Project: Teestal gy | vijllage: Lachen 70.5 km ‘

HP Project: Teesta ll

\ Lake 1 (03_77A_014)

Village: Chungthang 89.4 km and Teesta lll

Village: Mangan 108.7 km
HP Project: Teesta IV

HP Project: DikChu (Teesta V) 121km

HP Project: Teesta VI 151.7 km

Singtam 152.7 km

Manipal 157 km

Rangpo 158 km

Bara Mungwa 176.3 km

Teesta Low Dam 1|

rTeesta Low Dam IV

Fig. 2: Line diagtam depicting glacial lakes, habitation and hydropower
projects along River Teesta ’ »

4. VULNERABLE LOCATIONS

Dleﬁ'iils of the vulnerable locations along Teesta river downstream of the
glacial lakes taken for the study as identified in the “Vulnerability Study of

4



Glacial Lakes in Himalayan Region
Central Water Commission are given

Table 1: Details of vulnerabl
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within Indian Boundary” prepared by
below in Table 1:

e locations downstream of glacial lakes

Name of Human Habitation/

Hydropower Project Latitude Laongitude Population/ Poufer generation
Teesta ] 27°4631.68"N | 88°30'24.35"E | Hydro Power Project .
Lanchen and Teesta 11 2794258.09"N | 88°33'33.85"E | 1000 & Hydro Power Project
Chungthang and Teesta I11 27°36'12.47"N | 88°38'49.46"E | 2800

1250 (2001 census) & Hydro

Mangan and Teesta IV 27°30'1.32"N | 88°31'58.37"E Power Project

Teesta V (DikChu) 27°23'14.22"N | 88°30'12.50"E | Hydro Power Pro?ect
Teesta VI 27°14'32.20"N | 88°28'39.58"E | Hydro Power Project
Singtam 27°13'53.61"N | 88°29'39.35"E | 210

Manipal 27°10'58.06"N | 88°30'4.42"E | Educational Hub
Rangpo 27°1026.41"N | 88°31'30.20"E | 3724

Bara Mungwa 27° 3'50.13"N | 88°25'27.09"E | 1297

. BEHAVIOUR OF GLACIAL LAKES

The water spread area of the identified four glacial lakes as per monthly
monitoring repotts is given in Table 2 below. It may be noted that the water
spread area of the lakes is fluctuating on month-to-month basis but it was

the highest in the month of Jun/Jul 2011 during the monitoring petiod of
four years.

Table 2: Water spread arca of glacial lakes

Water Spread Alrea (ha)

Lake ID 03_78A_014 03_77D_002 03_77D_004 03_78A_001
“Monthe> Year | (Lakel) (Lake 2) (Lake 3) (Laked)
Inventory (2009) 94 105 106 156

Jun-11 136 119 123 cloud

Jul-11 cloud cloud cloud 180

/}u;.,- 11 cloud cloud cloud cloud

Sep-11 134 113 114 162

Oct-11 126 103 101 | 145

Jun-12 100 96 107 167

Jul-12 Cloud cloud 118 cloud

Aug-12 Cloud cloud cloud cloud

Sep-12 102 91 103 152

Oct-12 99 99 104 142

Jun-13 117 110 106 161

Jul-13 113 97 101 154

Aug-13 Cloud Cloud 116 163

Sep-13 115 100 114 164

Oct-13 109 91 105 153

Jun-14 100 106 101 146

Jul-14 Cloud 106 112 Cloud

:}ug-l-’l Cloud Cloud 108 Cloud

Sep-14 117 Cloud 114 157

Oct-14 128 87 103 144
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ident ial lakes is shown in
‘The variation in water spread area of the identified glacial lakes 15 sho

graphical form in Fig. 3 below:

180 -
160
140 -
120
100 -
o T e a "’J")”: D W>
@090&0”00”””x»

AN "rb"\-b,'\?.

2 N N s e
AN AP, AR R R T E I PR TS W et O
9$?@¢&$@@¢o@\vsox Ll

3
=S
24°
&

—o—Llake1 =——Lake2 —i—Lake3 —r—Llaked

Fig. 3: Graph showing variation in water spread area of four lakes

6. POSSIBLE SCENARIOS FOR STUDY

2 that lake 1 and lake 4 are independent and
probability of outburst happening at the same time is very less, whereas lake
2 and lake 3 are interconnected. Lake 3 drains its water into Lake 2 so there
can be two possibilities. A worst possible scenario of all lakes getting burst
at same time is also considered, but probability of that event happening is

really low.

It may be seen from the Fig.

A.  Lake 2 alone bursts
B.  Lake 3 bursts and consecutively Lake 2 also bursts.

Therefore, Five possible scenarios as given below are likely to occur for
which simulation studies have been carried out.

Scenario a.  Only lake 1 outbursts
Scenario b.  Only lake 2 outbursts
Scenario ¢. Lake 2 and lake 3 outburst at almost same time
Scenario d.  Only lake 4 outbursts
Scenario e.  All lakes outburst at same time.
. METHODOLOGY

7.1. Volume of Glacial Lakes

The volume of water contained in the glacial lakes is a kev
in
study as tabulated below in Table 3. s ey input for the

H2
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f olacial lakes

i water spread area and volume © A
Table %ﬁr’;;;n/ma ha Awmaez’(ée th (m 708 10 .
136 ——30 | 357x10°
— 30 | ©540x100 |
[ | —

7.2.Scheme of the River Network ﬁ
using the MIKE-11 GIS

) e
i twork scheme has been digitized .
f;;;iazgn. (’}‘he river network along with glacial lakes has been schematized

and exported as MIKE-11 Network file.

7.3.Cross sections
Extracted cross-sections, at an intetval of 1 km, wete exported as MII(E—ll
ctoss section files. The cross sections were examined and incompatible
ctoss-sections (which did not follow the profile) were removed. Generated
longitudinal profile of the river is shown in Fig. 4.

7.4.Mathematical Model setup

Glacial lakes were tepresented as separate branch using dummy cross
sections and volume of the glacial lakes has been assigned as storage volume
of respective cross sections. These branches were hydraulically connected to
the main river at the appropriate location.

Cross-sections extracted using DEM wete incotporated in the model. Model
was run for identified five scenatios as detailed under para 6 above.
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7.5.Assumptions and Limitations

. idered in the
The following assumptions and limitations have been conside

study:

o It has been considered that flow is not being modified at hydro powet
rojects. .

o R(:cenario with constant flows of 1000 m’/s have been cqnsldered 25
existing conditions in the fiver, though the real case may be d1fferf3nt. ‘

® Depth of the glacial lakes is assumed as 30 m as per guidance available in
the related literature.

® The cross sections considered are not actual but derived from
CartoDEM ver.2 digital elevation model.

. RESULTS

Increase in water levels and discharges, maximum velocities and time for the
peak flood wave to reach at the site due to GLOF at all locations under
study were worked out as given below in the tables 4a to 4e for five
scenarios. The increase is over and above of existing water level in the river
due to a constant flow of 1000 m*/sec as already explained above. The site
of proposed Teesta I project would be affected only in scenario a.

Table 4a: Scenario a

Location Increase in Discharge Maximum Time to reach
water level (m) (') s) velocity (m/ 5) al (minutes)
Teesta | 4.43 6230 14.3 100
Lachen and Teesta I1 431 6225 14.2 105
%‘;‘:f‘ﬁ‘l‘“g aod 445 6210 12.45 120
Mangan and Teesta [V 471 6200 10.45 125
Dik-Chu (Teesta V) 7 6080 5.9 140
Singtam and Teesta VI 5.4 5846 5.4 192
Manipal 3.96 5788 4.3 210
Rangpo 3.65 5788 4.3 210
Bara Mungwa 2 5650 4 250
Table 4b: Scenatio b
Location Increase in Discharge Maximum Tirme (minutes)
water level (m) ('] 5) velocity (m/ s)
Lachen and Teesta I1 4.08 5520 13.5 120
%‘::‘fg?“g o 3.6 5500 12 140
Mangan and Teesta IV 4.04 5460 9.2 140
Dik-Chu (Teesta V) 5.43 5180 6.3 160
Singtam and Teesta VI 4.84 4935 5.7 220
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Location Increase in Discharge Ma:xiﬂmm Time (minutes)
water level (m) (n'/s) velocity (r1/ ) =
Manipal 3.38 4800 4.5 s
Rangpo 3.28 4770 4.1 %0
Bara Mungva 2.37 4640 3.5
Table 4c: Scenario ¢ ‘ .
Laocation Increase in Discharge Macinmm Time (minutes)
water level (m) (n'/s) velocity (m/5) —
Lachen and Teesta I] 7.51 11810 18.3 2
C““"g"‘l‘;“g and 7.03 11600 16.5 120
Teesta ]
Mangan and Teesta IV 7.64 11500 12;)2 }4618
Dik-Chu (Teesta V) 8.87 108(_)() 8..__ :
Singtam and Teesta V1 8.29 10250 7_.3:) 2(3
Manipal 6.15 9900 5.4 220
Rangpo 5.81 9820 5.2 220
Bara Mungwa 4.21 9080 4.5 260

Table 4d: Scenario d

Location Increase in Discharge Maximun Time (minutes)
water level (m) (m'/s) velocity (m/5)
Lachen and Teesta 11 4.4 6090 14.1 180
Shungthung anc 4.11 6070 12.8 190
Teesta I11
Mangan and Teesta IV 449 6050 9.5 190
Dik-Chu (Teesta V) 6.04 5900 0.6 220
Singtam and Teesta VI 5.55 5690 6 270
Manipal 3.85 5630 4.4 290
Rangpo 378 5600 4.1 290
Bara Munpwa 2.87 5490 3.5 330
Table 4e: Scenario e
Location Increase in Discharyge Maxcimum Time to reach
water level (m) ('] s) velocity (m1/ 5) at (minutes)

Teesta I 443 6230 14.3 100
Lachen and Teesta 11 12.65 30520 29.64 115
Chungthang and
Teesta 11 12.78 30430 25.96 125
M_angan and Teesta IV 13.25 30400 21.52 130
Sitam T 7T | T | 1620 i
o 2 ; 28900 11.241 165

anp 13.48 28215 8.98 172
Rangpo 13.45 28180 8.25 176
Bara Mungwa 12.71 26149 7.2 195 |

N

10
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9. ADVISORY

ities i de aware
5 thorities ate being ma
Based on the study conducted th ; .btﬂte . f outburst of Glacial Lake(s)
f the situation, which may atise, 1n case O : :

it ) iver. The villages in the downstream are
situated in the upstream of‘Teesta tiver. 50 m 1o 15.24 m
likely to experience a rise in water level to the tun

: : bove the water level generally
varying from place to place, over and -above
attained during flood season at those locations. ' der the
The Hydropower project authorities are alsg ac_:lv1sed to con51. et !
findings and develop mechanism for close monitoring of the lakes in or d:_r
to get very timely warning about abnormal rise-fall in the water level in the
lakes and its geological health. Standard Opetating Procedures may also be
developed to mitigate adverse situations. . .
The maximum likely water level rise, discharge and velocities at various
locations which will be happening in case of breach of all lakes at same time
ate given in Table 5. However the probability of this event occurring is very
low.
Table 5: Water levels, dischatge and maximum velocities at various locations

(all lakes burst at same time)

Location Increase in Discharge Maxcimum
water level (m) (/) veloaity (m/s)

Teesta I 4.43 6230 14.30
Lachen and Teesta 11 12.65 30520 29.64
Chungthang and

TeestftIII 8 12.78 30430 25.96
Mangan and Teesta IV 13.25 30400 21.52
Dik-Chu (Teesta V) 15.24 30110 16.20
Singtam and Teesta VI 13.51 28900 11.241
Manipal 13.48 28215 8.98
Rangpo 13.45 28180 8.25
Bara Mungwa 12,71 26149 7.20

Independent and interconnected glacial lakes outbutst events have more
probability than the above case (le. all glacial lakes outburst at same time.).
The maximum likely water level tise, discharge and velocities at various
locations which will be happening in such case are given in Table 6.

Table 6: Water levels, discharge and maximum velocities at various locations

Location Increase in Discharge Maccimm Remark
water level (m) (/) veloaty (m]5)
Teesta I 4.43 6230 14.30 Scenario a
Lachen and Teesta II 7.51 11810 18.30 Scenario ¢
Chungthang and 7.03 11600 16.50 Scenario ¢
Teesta I11
Mangan and Teesta IV 7.64 11500 12.20 Scenario ¢_ |

13
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| Leazex Irrease i D{.f:;ll.nge M (l:\‘ill(lllll Remark

| water kel (m) (' /3) velocity (m/3) :

| Dik-Chu (Teesta V) 8.90 10800 8.20 Scenatio ¢
| Stngtam and Teesta V1 | 8.29 10250 7.35 Scenar!o c
| Manipal 6.15 9900 5.40 Scenarfo c
| Rangpo 5.81 9820 5.20 Scenario ¢
| Bara Mungwa 4.21 9080 4.50 Scenario ¢

10.

Imporiant: In no case, the advisory suggest that the lake(s) are geologlc.ally
weak or that they are like to breach any time soon. However, approptiate
precautions must be taken to ward of any untoward situation.

SUCGESTIONS FOR FURTHER WORK

Suggestions for further Improvisations which may be made in the study are
listed below; however these improvisations would require additional specific
data sets.

1. With the specific waming for heavy rainfall in the catchment, the model

can give advance warning regarding the tise in water levels and

discharges at all the locations in the river valley.

The model can be run incorporating 100 year return period flood as the

existing flow in the nver, in place of assumed constant flows of 1000

m’/s.

Inundation extent may be analysed.

4. Development of mechanism for installation of sensor based river gauges
and high dedbel warning in affected area.

N

e
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