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Over 70 Published Research Papers
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Post-Disaster Reconnaissance and Resiliency Study

 2011 Tohoku Earthquake, Japan (Mw ~9.0)

 Taiwan, 2012

 2015 Gorkha, Nepal, Earthquake (Mw 7.8)

 Chile, 2017

 Melamchi Debris Flow (2021)

 2023 Turkey Earthquake (Mw 7.8)

 2024 Flooding, Landslides, and Debris flow in Central Nepal

 Several other virtual reconnaissance study 
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Selected OP-ED Articles
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Selected OP-ED Articles
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Introduction to BGC 

Engineering
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BGC Engineering 

• International consulting firm

• Geoscientists & geo-engineers

• Earth science specialists

• Geohazard risk management specialists

• ~ 800 people
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BGC Offices
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11

BGC led conceptual design of a flood 

resilient water supply intake following 

the 2021 Melamchi glacial lake outburst 

and debris flood

Melamchi water supply intake in November 
2022

Flood resilient intake design
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12

BGC’s experience in Nepal spans academic, 

professional, and philanthropic projects
Graduate research on landform evolution in response to the 2015 Gorkha Earthquake 
in Central Nepal

Application of a range of remote-
sensing techniques to evaluate co-
seismic and post-seismic landform 
evolution in the Upper Bhote Koshi 

Valley, Sindhupalchok.
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BGC has collaborated with Nepali 

organizations, academic institutions, and 

colleagues

Nepal Library 
Foundation
Geohazard design support 
for new library

Invited lecturers on advances 
in landslide assessments and 
liquefaction within Kathmandu 
Valley (Dr. Andrew Mitchell, 
Dr. Keshab Sharma, Lauren 

Hutchinson, Dr. Alex Strouth)

Hosted five Nepali researchers in 
our Geo-Engineering & Geoscience 
Research Accelerator (GeoRA) from 
universities in Nepal and Canada
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BGC worked with the Thimphu office of 

Geohazards International to deliver country-

scale, co-seismic landslide susceptibility maps 

for Bhutan
Engagement with Government of Bhutan provides a framework for multi-geohazard 
risk management

Co-seismic Landslide Susceptibility

Landslide Susceptibility

Earthquake Scenario
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BGC led multi-hazard risk prioritization 

studies across large areas of mountainous 

Western Canada
The work connects regional & local decision makers across steps of risk 
management

Remote sensing, lidar change 

detection

Flood modelling
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BGC operates many landslide and flood 

early warning systems at the regional 

scale
What is the probability that antecedent climate conditions will lead to a 
change in landslide conditions for a given location…and what do the 
current conditions mean?
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BGC designs geohazard risk reduction 

measures at all scales

Cheekeye debris-
flow barrier in 
Squamish, British 
Columbia, Canada 

Design event:
• 2.8 Mm3 rock-

avalanche 
generated 
debris flow 

• Peak discharge 
of 15,000 m3/s

Digital rendering of the Cheekeye barrier. Barrier is about 25 

m tall

Mount Garibaldi volcano
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BGC is a leader in characterizing 

permafrost and glaciers
Understanding permafrost distribution is vital to better asses how it 
currently influences mountain hydrology and how this may change in the 
future
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A moraine is a landform created by

glaciers that consists of a pile of earth

and stones, or debris, that has been

deposited or pushed up by the glacier.

Source: google

Nepalitimes.com

Glacial Retreat/Recede

Glacial Retreat/Recede
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Glacial Terminologies: 

Retreat: Shrinking of a glacier due to more melting than snowfall 

accumulation.

Recede: The glacier's endpoint moves back compared to its previous 

extent.

Glaciolacustrine: Sediments and processes involving lakes receiving 

glacier meltwater, accumulating at lake margins or bottoms.

Glaciofluvial: Erosion or deposition by meltwater streams originating 

from glaciers, ice sheets, or ice caps.
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 47 identified potentially dangerous : 25 in China, 21 in Nepal, and 1 in India, 

 42 are within the Koshi basin 3 are in Gandaki and 2 are Karnali basins

ICIMOD, 2020

Mapped 3,624 glacial lakes 

equal to or larger than 0.003 

km2 (~ 2.4 times bigger than a 

standard Olympic size 

swimming pool) in the three 
basins.

ICIMOD, 2020
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 GLOF on 16 August 2024 (originated from Upper and Lower Tso Mutse, also 

called Thyanbo lakes)

 Devasted a sherpa settlement located at 3800 meters elevation

 Destroyed 20 houses, an elementary school, and a clinic, and displayed about 

135 people

 Threaten to ~ 200 households, a school, a health post, and a micro-

hydropower?



BGC Engineering Inc., 

Canada

Slide 

24

Thame GLOF

Breached lake

Thyanbo village

Ancient landslide dam

*This satellite imagery is from prior to the event. The post-event 

terrain looks very different.
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Thyanbo village

Thame

HiCCDRC, 2024
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Thame

Lake 

1

Lake 

2

Lake 

4

Lake 

3

Lake 

5

EL:4,961 
m

HiCCDRC, 2024
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On August 4, 1985, a rock and ice avalanche plunged into the lake, driving a 
surge wave approximately 5-meters high over the naturally-formed dam. Dig Tsho, a 
naturally dammed glacial lake, burst toward Thame valley, destroying a newly 
built hydroelectric power plant, over a dozen bridges, homes, and arable land 
with the release of 177 million cubic feet (5 million cubic meters) of water. —
Credit: mattwestoby/Flickr
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ICIMOD, 2024

Area affected by Dig Tsho
GLOF that occurred in1985

School Building
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Upper lake 

(Lake 1)

Breached lake (Lake 

2)

Area of the lake before outburst ~0.035 

km2

Area of the lake after outburst ~ 0.08 

km2

Amount of water released ~ 300,000 m3 

Overflow from Upper 

Lake. Ice, snow 

avalanches, rock fall, 
or seepage?
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Source: Kathmandu Post, 

video posted on Muncipality 

Facebook page

Upper lake 

(Lake 1)
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Pre-event water 

level 

(12 m above current 

level)
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From 2024 DHM report

Significant amount of rainfall in 

the previous week

Increase in temperature 

Glacier/ice melt or avalanches may 

have caused the upper lake to 

overflow into the lower leading to 

the outburst of the lower lake 

*A glacier is like a river of ice (a large, perennial

accumulation of crystalline ice, snow, rock, sediment, and

often liquid water that originates on land and moves

downslope under the influence of its own weight and gravity.
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Breach
Person

100 m x 250 m x 12 m 

=  ~300,000 m3 water 

outflow 
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Breach

100 m x 250 m x 12 m 

=  ~300,000 m3 water 

outflow 

ICIMOD, 2024
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Glacio-lacustrine silt:

Silt and fine sand deposited in the glacial 

lake 
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Glaciolacustrine deposit, Varved structure
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50 m 

wide at 

base

Breach
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50 m

30 m
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Breached lake

Thyangbo village

Ancient landslide dam

*This satellite imagery is from prior to the event. The post-event 

terrain looks very different.
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Boulders

Sand

Ancient dam:

debris flow fan and landslide
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Past 

GLOF

Boulders

Sand
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Thyanbo village

Ancient landslide dam

Erosion, 

downcutting and 

sediment 

entrainment

Sediment 

deposition and 

impact

Thame

*This satellite imagery is from prior to the event. The post-event 

terrain looks very different.
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Ancient dam:

debris flow 

fan
Ancient dam:

landslide
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Breach of ancient 

landslide dam
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Thame Fan Apex

50 m wide

5 m deep
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3 m maximum boulder size on 

fan

1 to 1. 5 m typical boulder 

size 
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Ancient debris flood deposits in 

upper fan
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Potential Future GLOF

Description

• Outburst flood from 
other glacial lake

Comments

• Need further 
assessment/study

• Assess the risk of all four 
glacial maps (boundary of 

lake, end moraine, overflow, 

outlet slope, avalanches and 

landslides in the 

surrounding area

• Monitor all the lakes using 
satellite images (Optical 

and SAR) in every year at 

least during pre-monsoon and 

monsoon periods.

• Investigate opportunities 
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Effects of GLOF were 

different even 

within a small-town 

Thame because of 

topography, 

geomorphology and 

geology are 

different with in 

Thame, so never 

generalize the 

disaster and its 

impact.

Consequences of the GLOF
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Consequences of Flooding 

during Monsoon
• New channels direct 
flows toward the 

community

• Monsoon flows could 
cause erosion and 

flooding within the 

community

• Build diversion 
berms on upper fan 

to encourage flow 

towards south 

channels, away from 

the community
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Bank erosion near Debris Fan

Description

• New channels direct 
flows toward community

• Erosion of banks in 
heavy flow undermines 

buildings

• Buildings collapse 
into the channel

Comments

• Build diversion berms 
on upper fan to 

encourage flow towards 

south channels, away 

from the community

• Build erosion 
protection at critical 

slopes within the 

community

• Masonry walls

• Gabion walls
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Effects of GLOF 

were different 

even within a 

small-town Thame 

because of 

topography, 

geomorphology and 

geology, so never 

generalize the 

disaster and its 

impact.
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1
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1
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Gravelsilt

2
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Landslide in Glacio-

Lacustrine silt

~10 m of 

erosion

si

lt
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2
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Landslide in Glacio-

Lacustrine silt
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Glacio-Lacustrine silt
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Glacio-Lacustrine 

Silt
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Moraine

(sand and gravel)

Ancient lake

(Glaciolacustrine deposit, 

silt)
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After ~3.5 months

Immediately after the 

event

 No tension cracks were 

observed immediately after 

the event

 Significantly large rainfall 

occurred in a month of the 

event

 Rainwater further eroded the 

riverbed, leading to slope 

destabilization.

Meeting after 

event and 

distributed 

relief material
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Ground settlement/tension 

cracks related to landslide
Description

• Ancient glacial lake 
filled with silt

• Significant erosion of 
channel during the GLOF 
– channel cut downwards

• Slopes destabilized

• Deep-seated, 
retrogressing 
landslides 

• Tension cracks and 
settlement at surface

Comments

• Plan for retrogression 
and settlement

• Monitor tension cracks 
and ground movement to 
understand rate of 
change

• Avoid introducing water 
to surface

• Relocate buildings off 
of landslide
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School

*This satellite imagery is from prior to the event. The post-event terrain looks 

very different.

** This map shows the approximate limit of the areas currently damaged. The lake 

deposit landslides that are causing ground settlement may continue to progress and 

Head pond

Debris 

impact
Ground 

settlement

Moraine 

landslides

Areas affected 

since August 

event**

~10 m of 

channel 

erosion
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Glacio-lacustrine: 

silt

GLOF deposit: 

gravel, boulders

Moraine: sand, gravel, 

boulders
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GLOF and landslide damage at 

hydropower head works
Description

• Deep-seated, 
retrogressing 
landslides encroach on 
head pond

• Intake damaged by GLOF 
debris impact and 
erosion

Comments

• Monitor landslide 
tension cracks

• Make plans for 
relocating the head 
pond

• Relocate intake and 
desander to toe of 
moraine to minimize 
exposure to GLOFs

• Move head pond if 
landslide continues to 
encroach on headpond



BGC Engineering Inc., 

Canada

Slide 

76

Thame GLOF

Desander
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Water 

Intake
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D/S of Thame
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D/S of 

Thame

Need to 

monitor these 

landslides
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Landslides below penstock

Description

• Shallow, steep 
landslides in coarse 

moraine have potential 

to undermine the 

penstock

Comments

• Monitor changes in the 
landslide to recognize 

encroachment on the 

penstock

• Develop plans to 
locally stabilize 

penstock or to move 

the penstock into the 

slope
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Flow area:

24 m x 5 m = 120 m2

8% gradient

Perhaps Q = 500 to 

700 m3/s
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Lesson Learnt
• The Thame GLOF event is particularly important for 
understanding mountain hazards and risks in the 
Himalayas, because the Thame lake had not been 
identified as a “Potentially Dangerous Glacial Lake” 
in the ICIMOD inventory. This suggests that a wider 
assessment of glacial lake and multi-hazard risk is 
necessary. 

• Employ advanced technology, continuous monitoring, 
and nature-based solutions to track glacial lakes and 
reduce risks effectively.

• Foster collaboration between academia, researchers, 
governments, donors, and communities to enhance 
preparedness and response strategies.

• Prioritize GLOF disaster management through 
coordinated efforts to protect vulnerable communities 
from escalating climate change impacts.

• Understanding of geomorphology and geology is crucial 
for site specific risk assessment

• Hazard zonation map of Thame village and hydropower 
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What should we do?
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This presentation required a number of complex issues to be reduced to general 

concepts in a series of concise bullet points, photographs, and/or diagrams. The content 

of this presentation is not intended for design decisions or construction. This presentation 

is for general informational purposes only. BGC Engineering Inc.’s report(s) may contain 

more specific details concerning the issues identified in this presentation. Please consult 

BGC for further clarification if you have any questions or concerns.

Closing

Prepared by:

Reviewed by:

Client:

Date:

Alex Strouth

Emily Mark

Asian Development Bank

December 6, 2024
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