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Post-Disaster Reconnaissance and Resiliency Study

» 2011 Tohoku Earthquake, Japan (M, ~9.0)

» Taiwan, 2012

» 2015 Gorkha, Nepal, Earthquake (M, 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

Why monorail i is bad for Kathmandu

Five years since the Gorkha earthquake, Nepal still falls short

What ails heritage reconstruction?

Local authorities have not really understood true spirit of heritage
reconstruction. Decisions are being changed quite often

2 8

0 lead the Campalgn o Rebuild Kasthamandap
after which four-party agrocnents were signed

among major stakeholders has been observed in

this whole process of reconstruction. Similarly,

betweens NRA, DaA, Kathi
Clity (KMC) and the campaigners, handing over the
teconstruction process under direct participation
of the campatgners. Few days aftet the agreement,
Mayor of KM sald that reconstruction would take
place under direct supervision of KM(

Case of Rani Pokhari is no different. People
rose in protest to halt the reconstruction process

local have not really rue
spirit of heritage reconstruction. Decislons are
being chunged quite often,

ADDITIONAL ISSUES

According 1o recent data from DoA, permis
shon bas been granted for more than 50 recon
struction projects for heritage structures and

Building safe homes

Local governments should take initiative for implementin,

building codes

and by-laws. They should also monitor compliance o? those laws

it ML poce uliings do. Envaring propes
buiding code understanding and enfirce: w0 earduse of

Shortdals in compliance with bullding
codes have been ideoiified s 4 serious
freablers that contriutes 10 high keaes

Keshab Sharma  Apil KC
et ey cos
eanhguake owes.
o enrihguakes The
Keshab Sharma

| — e e, Lrsmseciately o

While dam construction is gaining pace, Nepal does not have dam safety legisiation and policies lo enforce effi

el oo

28
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1 tnde Nepal bemders wheer & barge

Keshab Sharma Apil KC

magine there are no literary works of
Laxmi Prasad Devkota and there is noth-
like Mung-Madan. because in the 21st

bullding codes 21 yoars hefose wsmm
quake, Nepal & will sy w

st by .u-m-u- = plansing

w0 teducing lusum  we peepaiml W cope with It

Ut happene! Have e takem precautionary
measures. 10 lesser the kosses i cxve of

such eventuality?
A things stand, e
ough Nepal develuped

P Westonn ol Nepal which coubd trigger
higher magnitade. A
Wt if

0 o esic-
paiithes, st revisdential and public uikd:
ings do riot comply with bullding osdes
Though most have & ystem

Ialbdirng s First dhe ommess uf (fse ill-
oy bullt hoows shoubl be basred frm
SrCeming e serices such s e -
tricity o wases.Seling of the fiegaly.buik
structuses hould be stricty prohibited.
The government could provide & period
ol a year tm w0l weak buskding so comply
with busiismg cvcsem o¢ prull down et ife-
Ay bt tructures. Witk theve effort, the

tnlhfllwun

B Ve & Geoar 0

of granting bulkting permis 1 collect the

Iallt humes. As many peaple cannot affwrd

Ensuring dam safety

One of the biggest

wrong, or if a

g goes
section of track needs 1o be repalmd the enlire system needs 10 be shut down

Kashab Sharma

NO TOURISM
WITHOUT
INFRASTRUCTURES

Keshab Sharma
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Go local

The NRA has pi

0 17 diffex

rent

buliding models
for post-quake rebuilding. Most of these models are defective

-mu prre]

Schools at risk

Earthquake resistant features such as harizontal bands and stones at
the comers are generally not provided In school bulldings across Nepal

Kaaati Sharma Pausw| 1"

Tt 4304

East West Grand Canal Of Nepal Part 11

We propose to utilize the freely available canal-top air space for installation of solar panels to
produce electricity and to reduce evaporative water loss in the canal while allowing for water

navigatio

non the canal

By Ambika P. Adhikari. Shiva Gantam. Om Bant. Keshav Rhattarai Keshah Sharma [Tolv 20 2090 10053 am.

dam safety

There should be
adaquate public

the phase of
planning, site
selection

consultation during

111011

# Keshab Sharma/ Apil KC Tuesday. Apri8. 2017

= Why heritage sites?
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@ 3638 reads

Reconstruction challenges in Nepal

Learning from others

Often the question is whether villages should be rebuilt in their
original locations or relocated to less disaster-prone areas

Keshab Sharma

COLUMNS

Relocation  of o setihe
whether necessitated
by natural disastens or il
tary conflicts, has always been
difficult, An unoffickal survey
showed that 90
lagers rejected Indian govern-
ment's relocabon plans afier
the Gujarat earthquakes of
2001, The plan b 10 be aban

weng

still falls short

Fire safety planning: Give it due consideration

By RAJIB DHAKAL AND KESHAB SHARMA

Published: 01:00 pm Mar

Our cultures

and heritages
uphold our
identity as a
civilized and
culturally enriched
nation.

4

Canada

15,2021

Keshab Sharma

Broken lives

An important aspect of post-disaster recovery is participation of survivo

quickly. often simultaneously,
But there is at present no mech-
anism in place for the project’s
proper implementation,  nor
have the local communities
been involved in decision-mak-
ing. This situation has deprived
people of even minimum goods
and services.

.ul ul awareness is ulm

akt

Nepal, Moreover, construction
artsans in the area are not for-
mally trained.

Social problems such as pov-
enty, inequality and unemploy-
ment increase people’s valner-
ability and hinder their return
to normal life. People who have
physical, social and personal
vulnerabilities have sufiered the

aifon bee

Failure of tim
tion for politica
tributes 1o the
FeCONStruction w
ple get back 1o th
and gradually fo
memories. But L
with a mass of
nessed at roadsid

The inabili

percent Vil

ko the following steps during
. Vi, 1t alwoulkd
appropriate

coardionte with
stakeholdess and local com
munities o conduct detalled  or
compacnive analysis of disas-
ter management including mi-
gvdon ol existing sectlements,
It should work 10 keep corm

muanities fogether ot the exis)

affocted people, Compensa
ton may be provided in differ
ent forms: cash, replacement
land, small business grant
WMpOTATY/ pemanent
project employment so that
Incomes and livelihoods can
be restored. Speclal attention
should be paid 10 the needs
of the socially disadvantaged

Five years since the Gorkha earthquake, Nepal

East West Grand Canal Of

Nepal, Part 2

Nepal

' Spotlight



Introduction to BGC
Engineering




BGC Engineering

* International consulting firm

« Geoscientists & geo-engineers

« Earth science specialists

« Geohazard risk management specialists
« ~ 800 people
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BGC led conceptual design of a flood
resilient water supply intake following
the 2021 Melamchi glacial lake outburst
and debris flood

1570

; INTAKE
STRUCTURE
21 EVENT RIVER BED LEVEL SEE DWG 0321
. | +1560
RCC BUTTRESS /
1HAV /

__ RARE DEBRIS

-15650

-1540

—1530

10 20 30 40 50
Melamchi water supply intake in November Flood resilient intake d%ﬁk@%
2022 earing Inc., Slide

Canada 11



BGC’ s experilience 1n Nepal spans academic,
professional, and philanthropic projects

Graduate research on landform evolution in response to the 2015 Gorkha Earthquake

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

Surface Change (m)
10.00
TS, 8.75
< Insufficient pre-earthquake  7.50
. datato measure change 6.25
- 5.00
375
250
1.25
0.00
-1.25
-2.50
ST -3.75
500
-6.25

Terrestrial Laser High-Resolution Satellite Aerial
Scanning Photography Imagery Photogrammetry

T —— UNIVERSITY OF
ERsENETUR WORGY 7 ALBERTA

-7.50

Whuh ‘ ‘ | ‘ R . N
University B G c P10, 3% P wom 1000

Google Earth, December 2017 Terrestrial Laser Scan: 2016-2012 +0.25 m
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BGC has collaborated with Nepall
organizations, academic 1ns
colleagues

Nepal Geolcchnlcal Societv
; -.' M T AR ENTI (6

A Lecture-Frograny
on:

Risk-~informed design of a debris-flow

barﬂer n Canada

Mtxsuowl Date, Time: Venue:
scomin USTEIS, w-owm ol

W-locrr oA )

Hosted five Nepali researchers in

Nepal Library Invited lecturers on advances our Geo-Engineering & Geoscience
- dati in landslide assessments and Research Accelerator (GeoRA) from
oundation liquefaction within Kathmandu un =
Geohazard design support Valley (Dr. Andrew Mitchell,
For new librarv Dr. Keshab Sharma, Lauren
. Nepal Geotechnical Society on, Dr. Alex Strouth)
S iR 2 S (EST 1994)
du ooM andu t WU T}
13 \ PRERar / \ / BN Geohazard Risk Management
NGSlntemiugr:‘acI.tZ:&r;;er_enccsonas :—G§t .t. ;n?'?lf& : :_, : v “'{]l.kShOp 2024 :Gc
Thame GLOF == —— ey — —— BGC Engineering Inc., | Slide
—_— Canada (GeoMandu 2024 Preconference Program) 13
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Geohazards International to deliver country-

scale, co—-seismilic landslide susceptibility maps
for Bhu

ngagement wf%h Government of Bhutan provides a framework for multi-geohazard
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BGC led multi-hazard risk prioritization
studlies across large areas of mountalnous

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

Site sefection
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BGC designs geohazard risk reduction
measures at all scales

r..‘ ) 2 NS .*." : 1,.’ e y:

Cheekeye debris-
flow barrier in

Squamish, British
Columbia, Canada

Design event:

e 2.8 Mm3® rock-
avalanche
generated
debris flow

 Peak discharge
of 15,000 m3/s

Mount Garibaldi volcano
Digital rendering of the Cheekeye barrier. Barrier is
17 m tall

Thame GLOF BGC Engineering Inc., Slide
Canada 17
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BGC 1s 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
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HOW GLACIAL LAKES ARE FORMED
A i e

700 years ago
\ l Glacial Retreat/Recede
Supra-glacial ponds

\\

Supra-glacial ponds Moraine-dammed lake

Medial Lateral
l Glacial Retreat/Recede ool BRI Source: google

\
\i
\\ Bedrock lake
\\\\_,//”‘““--~\\;\‘\\

Nepalitimes.com

Thame GLOF

Canada

Terminal
moraine

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.

BGC Engineering Inc., Slide
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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.

Thame GLOF BGC Engineering Inc., Slide
Canada 21



ICIMOD Potentially dangerous

glacial lakes ranked .
- e, Garilalkyavd Kanaliiver basies Mapped 3,624 glacial lakes
lakes equal to or larger than 0.003
e km? (~ 2.4 times bigger than a
e i o Y standard Olympic size
dopeavaancresans  lakes  Conned akecuti swimming pool) in the three

landslides in the

: old end-moraine; °
SuIUnZINgS akdas hanging lake; distinct 4 Confined lake outlet; b dS11S.
seepage at the bottom gentle outward slope
of end-moraine dam; lakeS of the dam; large lake T C T ]_\/_[O D , 2 O 2 O
gentle outward slope of but shallow depth;
moraine moraine more than 200
m wide; old and
- compact moraine
Rank | Rank I1 Rank IlI

» 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

Thame GLOF BGC Engineering Inc., Slide
Canada 29



Thame GLOF

» 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?

Thame GLOF BGC Engineering Inc., Slide
Canada 2
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On August 4, 1985, a rock and ice avalanche plunged into the lake, driving a

surge wave approximately S5-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

Wlt& the release of 177 million cublgGe"%nngenﬂ% L1 10n cubic meters) of water. — ...

C‘rea’l t: mattwestoby/Flickr Canada 27
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video posted on Muncipality
Thame GLOF BGC Engineering Inc., Facebook page Slide
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Daily Rainfall and Maximum Temperature

30 4 B Syangboche Rainfall
W Phortse Rainfall
—e— Syangboche Tmax F15.5
=&~ Phortse Tmax
254
+15.0

N
(=}
L

G

o
»
o
Daily Maximum Temperature (°C)

-
o
L

24 hour Rainfall accumulation (mm)
a
w
w

w
5
o

/
gy
.ff

Aug-10 Aug-11 Aug-12 Aug-13 Aug-14 Aug-15

[
N
V]

0

Aug-09

Figure 5: Surface area of the lake before and after the outburst (the darker yellow area indicates the current surfac Figure 4: Rainfall and maximum temperature recorded at Syangboche and Phortse between August 9 and 15

area after the outburst, base map: Google earth pro December 2017).

| Seewtm gt e - » Significant amount of rainfall in
wo\\\//”_*f’“/A\\“A the previous week

E » Increase 1n temperature

%m » Glacier/ice melt or avalanches may
o | have caused the upper lake to

oms - overflow 1nto the lower leading to

ifted Event

e e—————————————— the outburst of the lower lake

o
3 P 3

e
%
2

Figure 6: Comparison of the surface area of Lake 2 before and after the outburst.

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

From 2024 DHM reportaccumulation of crystalline ice, snow, rock, sediment, and
Thame GLOF dite igerd "fvatér- that originates on land and §joffes



100 m x 250 m x 12 m
~300,000 m® water
outflow

Thame GLOF




’ <

100m'x 250 m x
= '2.800,0004m3

w3

outflow
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GlacioéiaCustripg-
Silt and fine sz
lake

Thame GLOF Slide
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*This satellite imagery 1s from prior to the event. The post-event
Thame GLOF terrain looks very differentBGC Engineering Inc.,




Ancient dam:

3

‘landslide

Thame GLOF
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 Thame Fap.3pex
50 m wide

Thame GLOF




3 m maximum boulder size on
fan

1 to 1. 5 m typical boulder
size S

Thame GLOF



Ancient debris flood deposits . in -

Thame GLOF Slide
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Potential Future GLOF

Description

* Qutburst flood from
other glacial lake

Thame GLOF

Comments
* Need further

assessment/study

e Assess the risk of all four

glacial maps (boundary of
lake, end moraine, overflow,
outlet slope, avalanches and
landslides 1in the
surrounding area

* Monitor all the lakes using

satellite images (Optical
and SAR) 1n every year at
least during pre-monsoon and

BGC EngineeriB@EreOON perilods. Slide

Canada
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Consequences of the GLOF

Effects of GLOF were
different even
within a small-town
Thame because of
topography,
geomorphology and
geology are
different with 1in
Thame, so never
generalize the
disaster and 1ts
impact.

Thame GLOF BGC Engineering Inc., Slide
Canada 51
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Consequences of Flooding
during MonsoQR...

* New channels direct ﬁﬂfﬁ
flows toward the
community

* Monsoon flows could
cause erosion and
flooding within the
community

* Bui1ld diversion
berms on upper fan
to encourage flow
towards south
channels, away from

Thame GLOF . GC Eninerin Inc. , o | | S Slide
the commiinilt v Canada £
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Bank erosion near Debris Fan

Description Comments
* New channels direct * Build diversion berms
flows toward community on upper fan to
e Frosion of banks in encourage flow towards
heavy flow undermines south channels, away
buildings from the community
* Buildings collapse *Bulld erosion -
into the channel protection at critical
slopes within the
community

* Masonry walls

°* Gablion walls
Thame GLOF BGC Engineering Inc., Slide
Canada 56



Effects of GLOF
were different
even within a
small-town Thame
because of
topography,
geomorphology and

geology, sO never
generalize the
disaster and 1ts
impact.
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1.2m @

>2.3m

GRAVEL, Fine to Coarse, cobbles, Sandy, well graded, loose,
rounded, gray and whitish, dry, heterogeneous, classic
structure, maximum size 300 mm

ORGANIC SOIL, Fine-grained, traces of roots, low plastic, soft,
black, wet, soft

SAND, Coarse sand, traces of gravel and cobbles, gap-graded,
loose/compact, rounded, gray (with reddish lenses with
corrosion), dry, non-stratified, poorly cemented

ORGANIC SOIL, Fine-grained, fine sand, wet, non-plastic,
black, trace of roots, soft

GRAVEL: Fine to Coarse, Sandy, traces of cobbles, well graded,
loose, rounded, gray ( and with reddish lenses with corrosion),
dry, heterogeneous, classic structure, traces of roots,
maximum size 300 mm

ORGANIC SOIL, Fine-grained, fine sand, wet, non-plastic,
black, trace of roots, soft
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Glacio-Lacustrine
Silt

Thame GLOF BGC Engineering Inc., Slide
Canada 65



Thame GLOF




Thame GLOF




Thame GLOF Slide

AR




Moraine

(sandsand gravel)
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= I

» No tension cracks were

! observed immediately after
the event

§ > Significantly large rainfall

occurred 1in a

o)

month of the

~ o

, ‘ TEE B eR Met:Lng a;
> Rainwater further eroded the & fwjg¢f'.'f,7,‘n'ﬁi  “__¢“ ﬁgsﬁ
riverbed, leading to slope ’
destabilization.

Thame GLOF BGC Engineering Inc.,



Ground settlement/tension
cracks related to landslide

Description Comments

* Ancient glacial lake * Plan for retrogression
filled with silt and settlement

* Significant erosion of * Monitor tension cracks
channel during the GLOF and ground movement to
— channel cut downwards understand rate of

* Slopes destabilized change

* Avolid i1ntroducing water

* Deep-seated, to surface

retrogressing
landslides * Relocate buildings off

* Tension cracks and of landslide

settlement at surface

Thame GLOF BGC Engineering Inc., Slide
Canada 71



o7l Thame and Khumbu

Areas affected

4

since August
nt**

‘- N > .»«: - . 7y D N
.~ ~10 m of _f?f{f

channel B Ground
g settlement

-

& I

1

~

B

Ny ’ : ‘ \ » Y | landslides
.

=

@ : q‘t‘

300 ft

13\}.' e 3
“’.

*This satellite imagery 1s from prior to the event. The post-event terrain looks
very different.
T ** This map shows the approximate limit of the areas currently damaged. The lake
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debris flood

debris flow debris slide, rock avalanche

debris avalanche

rock fall,
rock slide

Thame GLOF

riverine hazards

steep creek hazards slope hazards

Saturated soil slumps
along a curved surface

Slumping

Curved
slip plane

BGC Engineering Inc.,
Canada
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GLOF and landslide damage at
hydropower head works

Description Comments
* Deep-seated, * Monitor landslide
retrogressing tension cracks
landslides encroach on 4 pyske plans for
head pond relocating the head
* Intake damaged by GLOF pond
debris impact and * Relocate intake and
SLrosioh desander to toe of

moralne to minlimlize
exposure to GLOF's

* Move head pond 1f
landslide continues to

Thame GLOF BGC Engineerjgglgg,o acC h Ol h cd dp Ol d Slide

Canada 75
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Water
Intake

Thame GLOF

BGC Engineering Inc.,
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D/S of
Thame
Need to
monitor thesel
landslides
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Landslides below penstock

Description Comments

* Shallow, steep * Monitor changes 1n the
landslides 1n coarse landslide to recognize
moralne have potential encroachment on the
to undermine the penstock
penstock

* Develop plans to
locally stabilize
penstock or to move
the penstock into the
slope

Thame GLOF BGC Engineering Inc., Slide
Canada Q0



£.0 AUSTRIA-NEPAL
EVELOPMENT COOPERATION

Inaugurated on 9th October 1995
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Lesson Learnt

* The Thame GLOF event 1s particularly 1mportant for
understanding mountain hazards and risks 1n 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 1is
necessary.

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

* F'oster collaboration between academia, researchers,
governments, donors, and communities to enhance
preparedness and response strategiles.

* Prioritize GLOF disaster management through
coordinated efforts to protect vulnerable communities
from escalating climate change 1mpacts.

* Understanding of geomorphology and geology 1s crucial
Thame azdrO L S1te speclfic riske assessyail Slide
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What should we do?
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Closing

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.

Prepared by: Client:
Alex Strouth Asian Development Bank
Reviewed by: Date:

Emily Mark December 6, 2024
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