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IAHR HSTC LT reflection on future of hydraulic structures engineering
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Hydraulic structures
at a crossroads towards
the Sustainable

Involvement in IAHR, ICOLD, PIANC...

Development Goals

Creat team at Liege University

Great people and mentors met over the last 25 years

#From Snow to Sea
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Hydraulic structures: structures interacting with water
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Wyaralong Dam (Australia) Paris sewers (France), with a Weirs on Genil River in Granada
sediment flushing boat (Spain)

#From Snow to Sea
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Hydraulic structures: structures interacting with water
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Block ramp fishway in the USA New Romanche banks downstream Pont du Gard (France)
(courtesy L. Aadland) of Gavet dam (France)

#From Snow to Sea
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Hydraulic structures engineering and research: all questions related to
the understanding, planning, design, construction, operation,
Mmanagement, safety, and sustainability of hydraulic structures

Critical for water management

As old as Civilization

Support the development of human societies

- Evolve over time along with scientific understanding and society needs

#From Snow to Sea
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Why do we (still) need hydraulic structures engineering and research?

#From Snow to Sea
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Why? Population growth
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Why? Global warming

Changes in global surface temperature relative to 1850-1900

(b) Change in global surface temperature (annual average) as observed and
simulated using human & natural and only natural factors (both 1850-2020)

(a) Change in global surface temperature (decadal average)
as reconstructed (1-2000) and observed (1850-2020)
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Why? Climate change

(c) Annual mean precipitation change (%) Precipitation is projected to increase over high latitudes, the equatorial
relative to 1850-1900 Pacific and parts of the monsoon regions, but decrease over parts of the

subtropics and in limited areas of the tropics.

Simulated change at 1.5°C global warming Simulated change at 2°C global warming Simulated change at 4°C global warming

Relatively small absolute changes -

may appear as large % changes in o : ) :
regions with dry baseline conditions : 40 30 20 1°Ch 0 o
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in IPCC, 2021

#From Snow to Sea
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Electricity capacity (GW)
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Note: 1.5-S = 15°C Scenano; CSP = concentrated solar power; GW = gigawatts; PV = photovoltaic; RE = renewable energy;

IRENA, 2022

TWh/yr =

terawatt hours per year; VRE = variable renewable energy.

#From Snow to Sea
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Why? Energy transition

“As our report highlights, hydropower is the forgotten giant of low-
carbon electricity; it produces more of it than any other source
worldwide. And hydropower’s critical contribution to clean energy
transitions is not limited to the huge amounts of renewable electricity it
produces - its capabilities for providing flexibility and storage for
electricity systems are also unmatched, making it a natural enabler for
integrating greater amounts of wind and solar power.”

Dr Fatih Birol, Executive Director, International Energy Agency

In Hydropower Special Market Report - Analysis and forecast to 2030 - IEA, July 2021

#From Snow to Sea
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Why? Energy transition

“And all hydropower projects need to meet high standards for
sustainability to ensure the energy and climate benefits they can bring
are not undermined by negative environmental and social side effects.”

Dr Fatih Birol, Executive Director, International Energy Agency

In Hydropower Special Market Report - Analysis and forecast to 2030 - IEA, July 2021

#From Snow to Sea
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Why? Sustainability

NO GOOD QUALITY GENDER CLEAN WATER
POVERTY HEALTH EDUCATION EQUALITY AND SANITATION

|
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ECONOMIC GROWTH INFRASTRUCTURE INEQUALITIES AND COMMUNITIES CONSUMPTION
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For Sustainable Development

#From Snow to Sea
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Why do we (still) need hydraulic structures engineering and research?

- Population growth

- Climate change

Long lasting structures (far over a career

- Energy transition duration)

- Sustainability

Fundamental roles of hydraulic structures remain, but solicitations and expectations
are changing

#From Snow to Sea
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Hydraulic structures engineering and research : where to?

#From Snow to Sea
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Where to?

A sustainable perspective

Availability Stewardship Global Safety Resiliency Management

"
[We] ha\/e G n )Oral and Societal Goals, Existing Public Safety, Climate Change, Lifecycle
. . . Demands, and Infrastructure Incidents, Socio-economic Management,
ethlcal Ob/lgatlon to agct Expectations; and the Change, Risk Management,
. . Justice and Environment; . Extreme Events, Operations,
N the beSt N tereSt Of Inclusion. Wise use of Performance. Optimization,

Resources. g 3 Standards.
R o i il

society...”
Felder, Erpicum et al., 2021

Erpicum, Crookston et al., 2020

#From Snow to Sea
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Observations
Inspections
Testing
Records

Laboratory

Where t0?

Hydraulic structures engineering
and research are based on proven
tools and methodologies ...

Sustainability
of

Hydraulic

. Structures

.. that need to continue to evolve
to help us embracing a more
sustainable perspective.

Erpicum, Crookston
et al.,, 2020

#From Snow to Sea
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Where to? Field data are needed, and thus adapted
Instrumentation

Sarrans Dam bottom
outlet (France) - 1:35
scale model (left) and
prototype (right)
(Erpicum, Blancher et
al., 2020)

#From Snow to Sea
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Where to? Models must be questioned and developed

#From Snow to Sea
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Kariba Dam (Zambia and
Zimbabwe) - Numerical
and physical model (left),
prototype (right) (Daux
et al., 2017)
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Where to? (Continuing) education should be encouraged

La Gileppe dam
(Belgium) — Test of a
bottom outlet during a
students field trip

#From Snow to Sea
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Where to? New theoretical developments are needed, to
Improve design criteria and physics understanding

0.6
057
0.55 1
J 05 G 0.45 |
— Present theory
I — = Present theory +/- 0.01 m——— Present theory
0.45 s aegers theory / /V — = Present theory +/- 0.01
e FEmpicumetal, 2018 [5]-H, =0.15m 0.4 s Ja2ger’s theory
0.4 ¥ ¢ Dpicametal, 2018 ] - K, =0.10m / A Rouseetal, 1935161~ Hy =0.07m Theoretical evolution of
m Hager, 1991 [11]-H, =0.10m V  Melsheimeret al., 1970 [13]- H; =0.30m ogee crest weir
0.35 0.35 : : : +discharge coefficient
0 1 2 3 4 5 0 0.5 1 1.5 2 (Stilmant, Erpicum et al.,
HIH, H/H, submitted)

#From Snow to Sea
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Where to? Regulations and requirements must evolve to
encomipass sustainability

ssssssssss

o -

Re-oxygenation weir downstream of
the Lom Pangar dam (Cameroun).
Prototype and 1.1 physical model
(Erpicum, Lodomez et al., 2016)

Courtesy T. Guillemot

#From Snow to Sea
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Where to? Collaboration between academia and industry should be
strengthened and innovation promoted

Malarce dam PKW (France)
Designed for 13.8 m3/s/m
with a head of 1.50m
Van Phong dam (Vietnam)
Gates + PKW -14,400m?3/s

Q.‘

Courtesy a. Courtesy VNCold

#From Snow to Sea
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Where to? Strengthen multidisciplinarity, diversity and collaboration

Tube fishway
(https://www.wrl.unsw.edu.au/
research/tube-fishway-
project)

#From Snow to Sea
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Where to? Improve communication

Eupen dam (Belgium) —
Spillway in operation during
flood on July 15, 2021

#From Snow to Sea
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Where to go in hydraulic structures engineering and research?

Update tools and methodologies

Address the lack of detailed field
data

Promote innovation Shift the paradigm

towards sustainability

Strengthen multidisciplinarity
and collaboration

Improve communication

#From Snow to Sea
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How??

In fact, we all know.
It is mainly a matter of willingness and persuasion.

As hydraulic structures engineers and researchers, we have the ability
to create the required knowledge and we have the duty to make it
available.

#From Snow to Sea
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It was the best hydropower projects; it was the worst hydropower
projects: a tale of two dams. (Inspired from Barkdoll, 2022)

#From Snow to Sea

https://www.ern.or

outes-barrage/)



https://www.edf.fr/hydraulique-loire-ardeche/le-nouveau-poutes-un-projet-innovant-exemplaire/la-genese-et-lhistoire-du-nouveau-poutes
https://www.ern.org/fr/poutes-barrage/
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To conclude

Our civilization is facing tremendous changes

Water infrastructures are at the heart of our civilization and are directly
affected by these changes

- More than ever, hydraulic structures need sound engineering and
research, based on proven but constantly evolving tools and methods

- Multidisciplinarity, cooperation, innovation, (continuing) education,
diversity and communication must be strengthened

- We need to shift the paradigm towards sustainability

#From Snow to Sea
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Thank you for your attention

uliege.be

-8 e
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#From Snow to Sea
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