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South Lhonak and the Shako Cho Lake

Photo courtesy: DST Sikkim



Sattar et al., 2020
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South Lhonak Lake- 
Government advisory and press 

releases



1. Overtopping and 
piping failure of the 

frontal moraine-Present 
GLOF hazard-GLOF 

exposure

2. Overtopping failure of the 
frontal moraine identification 

of the potential GLOF 
triggers-Future GLOF 
hazard-GLOF intensity 

GLOF exposure

3. GLOF process 
chain-GLOF triggers- 

GLOF exposure



Source: http://dstsikkim.gov.in/Adv/South%20Lhonak%20Lake%20expedition_tech%20report.pdf

 3 sets of pipes of 8 inch diameter

 Lake water monitoring system

 Lake water monitoring system

Lake lowered by 2 m 
in 2016

Discharge of 50 l/s from one pipe
Total discharge =150 l/s (3 sets of pipes)

 Previous work by DST Sikkim to reduce the hazard potential of SLL

 April, 2012 first field work

 August , 2014- Bathymetry acquired + 
electrical resistivity of the frontal moraine

Sept, 2016- Siphoning + installation of the lake 
monitoring system



Sonar-Based 
SLL Bathymetry

Sharma et al., 2018

3D GIS based South Lhonak lake model

BREACH SCENERIOS

Total Volume=65.81 ± 2.5 million m3

Sattar et al., 2021
Journal of Hydrology

GLOF HAZARD OF THE 
SOUTH LHONAK LAKE



1-D hydraulic routing of the SLL GLOF



IMPACT OF THE SLL GLOF AT ‘CHUNGTHANG and TEESTA III HYDROPOWER STATION
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Glacial Lake Outburst Flood (GLOF) triggers and future
 hazard of the South Lhonak Lake, Sikkim

Sattar et al., 2020 Geomorphology 

Schematic diagram showing (A) a 
proglacial lake system at present; (B) 
lake grows as the glacier bed is exposed 
in the future.



Spatially distributed modeled glacier bed for different values of ‘f’ using 
GlabTop (A-G);Ensemble (H) (Farinotti et al., 2019); (I-J) cross-sectional 
profiles of glacier beds along AA’ and BB’.

τb = f ρgH sin α. 
Here, τb is the basal stress, H is the ice- thickness, sin (α) is the slope, ρ is 
the ice density, g is the acceleration due to gravity (9.8 m s -1 ), f is the 
shape factor, and has a range of 0.6 to 1.0. 
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(A) Evolution of the South Lhonak Lake from 1990 to 2019 and 
the modeled future (maximum) extent of the lake; (B) 
Cross-sectional view of the lake showing the current lake 
bathymetry (Sharma et al., 2018) and the overdeepened site; 
marked are the breach depths of the three potential GLOF 
events (hb1, hb2, and hb3). 

FUTURE LAKE BATHYMETRY 
AND FUTURE LAKE BREACH



 IDENTIFICATION OF AVALANCHE SOURCE ZONES AND FLOW MODELING

 (A) South Lhonak glacier-lake system showing the extent of the 
overdeepening with a maximum depth of 92 m; the avalanche source 
zones (source slope>30°; trajectory slope>25°); avalanche flow trajectories 
for 30 m (red) and 50 m (yellow) ice/snow thickness (Dubey et al. 2020), 
(B) Future lake extent- current extent South Lhonak Lake (SLL) and 
overdeepening extent (OVD); avalanche source zone showing highly 
crevassed and hanging ice/snow (located ~930 m upstream of the current 
terminus).

(A-C) Modeled avalanche scenarios for different released volumes; 
(D) Avalanche parameters for impact-wave modeling (Evers-Heller 
model; Evers et al., 2019); (E) 3D view showing the avalanche source 
zone, trajectory, and overtopping wave height of the impulse-wave; 
The present extent of the South Lhonak Lake is shown as SLL and the 
overdeepening as OVD 



GLOF Hydraulics and Uncertainty

Lower and Upper breach limits (Wahl, 2004)

Predicted dam breach (Froehlich 1995)



(A-D) Mapped “at-risk” infrastructure along the flow 
channel; (E-H) Field photographs at different locations (the 
colored dots represent the respective locations marked in 
Fig. D).

Time series of flow depth and flow velocity at Chungthang for each 
predicted GLOF scenario; the time series is evaluated at a single point 
at Chungthang, the location of which is marked in Fig. A (adjacent).



(A-D) Mapped “at-risk” infrastructure along the 
flow channel; (E-H) Field photographs at different 
locations (the colored dots represent the 
respective locations marked in Fig. D).

Hazard map of Chungthang based on flow 
heights (m) and velocity (m s-1) of each predicted 
GLOF scenario; black dotted outline shows the 
area of inundated settlements.

GLOF intensity mapping
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Hazard
assessment 



(A) South Lhonak GLOF flow depths (in m), intensity, exposure, and hazard (individual scenarios; see next slide for 
combined hazard) at Chungthang for different magnitude GLOF process chains; (B) discharge (m3s-1) vs. time (in min) plots 
at the damming moraine and Chungthang for different magnitude GLOF process chains.

GLOF process 
chains:

Potential hazard 
and exposure



(A) Shako Cho GLOF intensity, exposure; and (B) hazard (individual scenarios; see below for combined hazard) at Thangu and Chungthang 
for different magnitude GLOF process chains; (C) discharge (m3s-1) vs. time (in min) plots at the damming moraine, Thangu and Chungthang 
for different magnitude GLOF process chains.

 



(A) Changes in the infrastructure in different years (2006, 2009, 2013, and 2020) at the 
Chungthang village; (B) Changes in the infrastructure in different years (2010 and 
2018) at Thangu village; dotted squares show the locations with new constructions.

GLOF hazard of Shako Cho Lake (A) at Thangu ; (B) at 
Chungthang; GLOF hazard at  Chungthang for (C) South Lhonak 
Lake ; (D) combined  South Lhonak and Shako Cho lakes; dotted 
circles show the impacted build-up area.



 

∙ For South Lhonak Lake and Shako Cho Lake, both considered as critical glacier lakes 

∙ The village of Thangu is a critical high-risk situation. Almost the entire village is situated in the high-hazard zone combined 

with flood arrival times of only 7 to 8 minutes, even for moderate and small magnitude events. This leaves little to no 

response options, due to extremely short arrival times on the one hand, and the lack of evacuation routes and safe zones on the 

other. An EWS might only have little to no effect on the level of disaster risk in this particular village. Alternative risk 

mitigation measures need to be considered to reduce the risk level significantly.

∙ Next to Thangu, also Chungthang and several settlements upstream have buildings and infrastructure exposed to potential 

GLOF impacts. GLOF exposure increased over the past 10 to 15 years, due to the construction of new infrastructure in areas 

potentially affected by GLOFs. Here, however, estimated flood arrival times indicate that an efficient EWS could help to timely 

warn the population and therefore lower the risk from GLOFs. 

∙ For Chungthang, flood arrival times vary between 1 hr (large magnitude scenario from Shako Cho) to 4 hrs 10 min (small 

magnitude scenario from South Lhonak Lake). This is short, in particular for the large magnitude scenario from Shako Cho, 

but still, allow for a timely warning of the potentially affected population by a well-designed and maintained EWS.

Conclusions and recommendations



Outcomes: reports and research papers 

,Christian Huggel
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