<]
TUDelft

Delft University of Technology

Modelling in applied hydraulics
More accurate in decision making than in science? (PPT)

Mosselman, Erik

Publication date
2017

Citation (APA)
Mosselman, E. (2017). Modelling in applied hydraulics: More accurate in decision making than in science?
(PPT). SymHydro 2017, Nice, France.

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.



“]
TU Delft Enabling?dtael_i!‘.eta;es
Technische Universiteit Delft ; ’

Modelling in applied hydraulics:
more accurate in decision making
than in science?

Erik Mosselman

SimHydro2017
Sophia-Antipolis, France, 14 June 2017



MODELS

abstract physwal

mathematical

physics-based

O\

conceptual empirical analytlcal numerical scale analogue
+==| L, =10B ot Dl |




Modelling of hydrodynamics and morphodynamics:

* Physical scale models
* Numerical models

Choice of type of model and required accuracy
depends on context of application:

« Scientific hydraulic research
* Hydraulic engineering
e Public decision making
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Context of scientific research

* Generic experimental set-ups
* Relatively simple geometries
* Controlled conditions

« Study of elementary processes and their interactions
* Interpretation of mathematical findings
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Context of scientific research
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Context of hydraulic engineering practice

* Tool for design

* Compared to numerical models:

> Superior for local 3D flows (because of imprecise empirical
turbulence closure)

> |nferior for areas where horizontal dimensions are much
larger than vertical dimensions (because of scale effects)

> provided that mathematical descriptions and computer
codes are available for relevant processes

eeeeeeeeeeeeeeeeeeeeeeeeeee Deltares



Physical scale models o~
YN -

Context of hydraulic engineering practice
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Context of hydraulic engineering practice

o 1 km prototype 1968

|
KM 866

——— adopted bank alignment
discharge : 2000 m°/s

Bee

CONTOUR LINES OF WATER DEPTH IN m

prototype

scale model

2DH numerical morphodynamic
model in 1980s
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Physical scale models

Context of hydraulic engineering practice

Die Moran, A, K. El Kadi Abderrazzak, E.
Mosselman, H. Habersack, F. Lebert, D.
Aelbrecht & E. Laperrousaz (2013),
Physical model experiments for
sediment supply to the old Rhine through
induced bank erosion. International
Journal of Sediment Research, Vol.28,
No.4, pp.431-447.
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Context of decision making with stakeholders

« Communication: explication and demonstration
e U -

US Army Corps of Engineers,
St. Louis District

3 Altemating Flow Patterns and Fish Habitat Created by the Design
— —— :

e R = -E\_‘Eﬂﬂf
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Context of scientific research

* Tool to test hypotheses
* Tool to identify requirements for field measurements
* Object of scientific research

* No basis for scientific evidence, at most “confirmation”
(because of truncation errors and underdetermination)

* Oreskes et al (1994): “Verification and validation of numerical
models of natural systems is impossible”

(‘ Oreskes, N., K. Shrader-Frechette & K. Belitz (1994), Verification, validation and
TU Delft confirmation of numerical models in the earth sciences. Science, Vol.263, pp.641-646.
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Calculated flood water levels

« Roughness: main channel 45 m%2/s and floodplain 28 m'/?/s:
> Flood water level = 13,08 m + NAP

» Roughness: main channel 48 m12/s and floodplain 26,05 m'/?/s:
> Flood water level = 13,08 m + NAP

What is the effect of lowering the floodplain by 1 m?
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Effect of 1 m floodplain lowering

« Roughness: main channel 45 m%2/s and floodplain 28 m'/?/s:
> Flood water level = 12,35 m + NAP
> Effect =-0,73 m

» Roughness: main channel 48 m12/s and floodplain 26,05 m'//s:
> Flood water level = 12,38 m + NAP
> Effect =-0,70 m

Uncertainty due to underdetermination
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Context of hydraulic engineering practice

Integration of knowledge in a structured database

Enhancing of data through “intelligent” interpolation
|dentification of requirements for measurements and monitoring
Diagnosis of problems

Assessment of effects of interventions and scenarios
Quantification of design conditions

Dealing with uncertainty

Safety factors

* Sensitivity analysis (assessment of robustness)
* Probabilistic approaches

eeeeeeeeeeeeeeeee

How to communicate this to stakeholders?
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Numerical models

Context of decision making with stakeholders
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Numerical models

Context of decision making with stakeholders

8 \JEL RUIMTE VOOR DE
| RIVIER [[I-WARR ISER

'}

RUIMTE VOOR ONS??

Deltares



Context of decision making with stakeholders

2D flow models with great detail

ROYAL HASKONING

Topography
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" Levees, weirs, groynes
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B 0.000 - 0.125

B 0.125 - 0.250

Bl 0.250 - 0.37%

B .37 - 0.500

I 0.500 - 0.625

[ p.e?s - D0.7S0

B o.750 - 0.87%

ooo [ g.875 - 1.000
o P q.ooo - 1075
ROYAL HASKONING 1,123 - 1.230
1.230 - 1.375

1.275 - 1.500

1.%00 - 1.62%

1.623 - 1.730

BN 1.750 - 1.875

B .87 - Z.000

Bl .o - 2.12%

Bl 2.125 - 2.790

B :.250 - 2.375

Bl :.375 - 2,50

Flow velocities
eeeeeeeeeeeeeeeeeeeeeeeeeee Deltares



Context of decision making with stakeholders

* Accuracy of design flood levels:
> According to assessment: £0.5to £1 m
> Suggestion in stakeholder communication: £1 mm to £1 cm

* Rationality of communicating values in centimetres:

> Differences of centimetres involve significant costs of
interventions (flood defences, room for the river)

> Permission to construct in case of small flood level rises
sets precedents towards larger cumulative effects

 Paradox: higher accuracy demands than in science
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