FLOODS, WATER SCARCITY AND EXTREME EVENTS

2023 \

(o] >
LISBO : . o
~" C O N F E R E N C E @’ !:MIA§ E gﬁ INES BEENGENHARIA CIVIL




LNEC
LISBON
CONFERENCE

In search of the risk associated with dam failures

a tale of efficient computing and meta-modelling to implement
an integrated probabilistic framework

José Pedro Matos
jose.matos@tecnico.ulisboa.pt
Lisbon, 2023.10.19 W

TECNICO
LISBOA



v

LNEC
LISBON
CONFERENCE

1




Why risk?

Motivation and core message
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Why risk? (29

Challenges and application to large dams. Why probability matters.
» There are several definitions of risk. Keeping it simple:
Risk = Probability - Loss

» Large dams are built not to fall.

» Design is based on deterministic cases (e.g., Probable Maximum Flood, Maximum Credible
Earthquake).
Rdesign flood — Pdesign flood * Ldesign flood ~ 0

» Risk is part of design, of course, but not explicitly / strictly.
Rfloods = .[Pflood ) Lflood =7?

* In reality:

Raam = [ Praiure * Lraiure = Something hopefully very small.
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Why risk?

Challenges and application to large dams.
Why probability matters.

* An example F-N curve.
P(X = N) ==

T4 geatn = 1000 years
Valid from N=1 to 1000 (people at risk).

Cumulative frequency [yr-1]

The design “event” also has a risk of 0.001 deaths/year.
(as do all other events along the diagonal).
0.001

p(N) = —3

Risk = [ N - p(N) dN = 0.001 - In(b)
The total risk is 7 times greater (0.0069 deaths/year).
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s it worth to quantify it? (49

Yes! — A personal view

 To a hydrologist, uncertainty and risk are omnipresent, inescapable.

« Uncertainty is too often just politely ignored:

Some processes and phenomena are sufficiently understood and monitored for
uncertainty to lose practical relevance.

Framing and evaluating uncertainty can be difficult, both conceptually and practically
(required data and computational power).

@ Historically, considering uncertainty with precision was simply not practical in many
applications. The inertia of this mindset endures.
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Major earthfill dam.

Conceptual but
inspired in reality

« Challenges:
« Complexity.

« Computationally demanding > millions
of simulations are required.

MISTREST

Harmonized approach to stress tests for critical infrastructures against natural hazards

Downstream
area (greater
potential losses)

Continues

Urban area downstream



Failure | probability and
characteristics
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The failure

Rockfall with
damage to the
geomembrane

Event tree
analysis

Landslide with
damage to the
geomembrane

« Example of
a real event
tree analysis
for a large
dam.

to erosion

» Subjective.

* Relies on
iImagination.
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The failure

Estimating failure rates and how failures
may occur

Hazard characterization
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The failure

Estimating failure rates and how failures may occur

4 S; o b TARGET EVENT

Primary sampling:
e Earthquakes
* Floods

Generic Multi-Risk
(GenMR)

=
&
e
w
i
(V]
S
1
-

R e See Mignan, A., S. Wiemer and
€3ampling: D. Giardini (2014)

* Full simulation The quantification of low-
C Dependent events probability—highconsequences

events: part I. A generic multi-
* Dependent states risk approach

Nat. Hazards, 73
@ 2023.10.17




The failure

Estimating
fallure rates and
how failures
may occur

» The full story of
thousands of
failures.
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The dam-break waveg

Generation and
propagation downstream

2
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Darcourt, A. 2016. Numerical simulation of dam break flood wave propagation in the Rhone River. From dam breach
formation to loss assessment. M.Sc. Thesis. School of Architecture, Civil, and Environmental Engineering, EPFL.
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The dam-break wave

Amount of variability lost

Discharge [m3/s]

\ (x106
Generation and propagation downstream | |
4 T
I/_-Tmcm Breach development
\\\B=025,f

Portfolio of hydrographs that
maximizes variability

Sampling of a wide
range of hydrographs.
State of the reservoir and
breach development

Discharge [m3/s]

0 50 100 150
Time interval = 60s

Froehlich, D. C. 2008. Embankment Dam Breach Parameters and Their Uncertainties. Journal
of Hydraulic Engineering doi:10.1061/(ASCE)0733-9429(2008)134:12(1708).
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Location-wise

The dam-bre ak Wave interpolation

Generation and propagation downstream

» ML meta-modelling can be used:
» To overcome the computational difficulties;

» To incorporate epistemic and aleatoric uncertainty.

V= f(Qpeak: Sascr Sdesc)

I
o

% -ﬁe(e“‘ ouﬂ‘:\os\N

E— 15 O de%m/

S

E 10

5 » Any "good" general-purpose
T 5 . regression model would do.

% L Support-vector regression was
Z 0 chosen in this case.

3000 13000 23000 33000 43000 53000 63000 73000
LNEC Lisbon Conference 2023 . 2023.10.17
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Failure | probability and
characteristics
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The losses o

Loss estimation and results

» Tangible losses:
« Computed for every dam-break wave
using fragility curves.

« Different building types and responses. Risk
estimation

MATSIm : Intangible losses:

Multi-Agent Transport Simulation . . . .
* Micro-simulation of the evacuation area.

 The evacuation of individuals is simulated
for every dam-break wave.

(For intangible losses see) Dia, A. D. 2017. Quantitative dam break flood risk mitigation assessment based on microsimulation techniques: an
application to the Mattmark Dam in Switzerland. M.Sc. Thesis. School of Architecture, Civil, and Environmental Engineering, EPFL.



The losses

Loss estimation and results

« A full depiction of the risk profile

Cumulative frequency of x or
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Findings

The importance of uncertainty

(R) reference case " Extreme probability distributions used to model hazard intensity

®  Vulnerability is used to model element responses

(REu) reference case plus epistemic  ® Lack of knowledge about the laws governing hazard intensity is
uncertainty included
(REUF) reference case plus epistemic ® Uncertainty is considered also in element responses
uncertainty and fragility
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Findings

The importance of uncertainty

(R) reference case " Extreme probability distributions used to model hazard intensity

" Vulnerability is used to model element responses

(REu) reference case plus epistemic ® Lack of knowledge about the laws governing hazard intensity is
uncertainty included
(REUF) reference case plus epistemic ® Uncertainty is considered also in element responses
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Findings

Pessimists had it right all along...

o=

1.0
Uncertainty does ~ °°
matter. 0.7
206
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0.1

See Matos, J.P,, Mignan, A. and Schleiss,

A.J.: The role of uncertainty in dam failure 0.0
frequency estimates: a conceptual case

study. Proceedings of the 26th

International Commission on Large Dams
World Congress, Vienna, 2018.
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Handling risk is not easy

The illusion of total control is dangerous

» Black Swans

» an event that comes as a surprise,
has a major effect, and is often
inappropriately rationalized after the
fact with the benefit of hindsight.

« Some events cannot be
predicted...

LNEC Lisbon Conference 2023

SECOND EDITION

WITH A NEW SECTION: “ON ROBUSTNESS & FRAGILITY"

NEW YORK TIMES BESTSELLER

THE

BLACK SWAN

The Tmpacet of the

HIGHLY IMPROBABLE

“The most prophetic voice of all.”
—6GQ

Nassim Nicholas Taleb




Risk is part of life

* 412 nuclear reactors in the world.

« |f they were designed for 10°000-year
events, what would the average time
between failures be?

« Large dams... more than 57°000!

 Designing for PMF and MCE are
very good ideas.

LNEC Lisbon Conference 2023




Handling risk is not easy ay

No such thing as a free lunch
ROC_CURVE

10| ® <——PERFECT CLASSIFIER o« @ —
3 &7

« Safety has very
significant costs.

* The ROC curve as a
decision framework.

e Difficult decisions
should be taken before
they are needed.
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A flood is expected and no flood comes.
LNEC Lisbon Conference 2023




Handling risk is not easy

Considerations about the 2021 floods in Belgium

= NEWS CAREERS COMMENTARY  JOURNALS v COoVvID-19 SCiCnCC Q LOG IN BECOME A MEMBER

SCIENCEINSIDER | CLIMATE

Europe's deadly floods leave scientists stunned

Despite improvements, flood forecasting sometimes fails to flag risks along smaller streams

20 JUL 2021 * BY WARREN CORNWALL

2023.03.22
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Handling risk is not easy

Considerations about the 2021 floods in Belgium
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What could

Handling risk Is not easy have been:

Have we forgotten what risk and uncertainty mean? IEERSERAGE

» Climate change is a
tremendous challenge. 250
Often, quite convenient
too.

200
150

100

» Uncertainty means:
we do not know.

Best guess:
T>1000 years

Précipitations|[mm/72h]

50

* It may be a good idea to
overdesign. 1 10 100 1000

Période de retour [années)
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Handling risk is not easy 26

It takes courage to act
Dr Abdulwanis Ashour, a hydrologist and lecturer at Omar Al-Mukhtar

OEME 25 University, told the BBC he had collected data on the condition of the Derna
NEWS dams for a study published last year, which showed they were not prepared to
withstand a storm like Daniel.

Home | Israel-Gaza war | War in Ukraine | Climate | Video | World

World ‘ Africa ‘ Asia ‘ Australia ‘ Europe ‘ Latin America ‘ Middle

He said he had spent years studying the Derna dams and had discovered the
presence of numerous cracks and fissures. In his research, he asserted that
they would not be able to handle a large amount of rainfall and were at risk of
collapse.

Libya floods: The flawe
that increased Dernad

® 10 October

Libya floods Biden backs Israel's account of
Gaza hospital explosion

1 hour ago

‘What video, pictures and other
evidence tell us about Gaza
hospital blast

2 hours ago

Features

# $ ‘Grab the children and leave"
WALEED AL-TALIB L8 BBC reporter flees Israel bomb 2023.03.22

Flooding in Derna devastated residential areas, killing thousands warning




Handling risk is not easy @)

It takes courage to act
...and someone to listen

« On how decisions are made.
* Roger Boisjoly and the o-rings
that led to the disaster of the
Challenger Space Shuttle (1986).

» Low-probability high-
consequence events are not easy
to address.

 Professionalism vs. personal
iInterest (its not about corruption).

https://commons.wikimedia.org/wiki/File:Challenger_explosion.jpg
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