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Introduction

In many domains, from agricultural and industrial exploitation, protection of historical or art treasures, to nuclear

safety, the mitigation of flooding risk in floodplain areas raises at crucial importance. With this aim, in recent years,

much effort has been put into the development of sophisticated numerical model systems able to reproduce surface

flow in order to assess hydraulic risk.

However, the modelling of surface flow involves numerous uncertainties associated both to the numerical structure

of the model, to the knowledge of the physical parameters which force the system and to the randomness inherent to

natural phenomena [1]. Even if difficult, these uncertainties should be taken into account from both modelers and

decision-makers in order to propose an adapted strategy for risk mitigation.

For instance, the quantification of the uncertainty related to levee behavior during an inundation event can be a very

difficult task but it remains essential to enhance the strategies risk mitigation [2]. Levees play a major role to

constraint river flow and their behavior can significantly affect the water levels in the inundated areas in the vicinity

of rivers. During an inundation event, levees can be partially damaged and a breach can be formed [3]. The breach

initiation and its progression into the levee result from a sequence of physical mechanisms (i.e. piping, land-side

erosion due to overflowing, slope instability) and breaching processes involve strong interactions between levee

materials and flow conditions, leading to complex phenomena to be understood. As a result, the uncertainties related

to the exact locations of levee breaches, their geometry and the triggering factors of the breach’s initiations are

numerous.

In order to study and prevent the consequences of a breach on a given area to protect (industrial or civil buildings),

numerical models including breach processes are generally employed. Levee breaches can be modeled in different

ways [4], depending on the chosen numerical model (weir law, bottom erosion, etc…). As a consequence, the study

of the uncertainty related to levee breach corresponds mainly to the study of the uncertainties related to the breach

characteristics (i.e. breach geometry) and the failure mechanisms implemented in model. Nowadays, there is a large

number of methods and tools available to assess uncertainty related model parameters [5]. Since 2011, the Institute

for Radioprotection and Nuclear Safety (IRSN) conducted cooperative research activities in order to investigate



feasibility and benefits of Uncertainties Analysis (UA) and Global Sensitivity Analysis (GSA) when applied to

hydraulic modelling. Particularly, a specific methodology was tested [1, 6, 7] by using the computational

environment Promethee developed by IRSN (http://promethee.irsn.org/). The proposed methodology is mainly based

on the standard uncertainty study steps [8-11], by using Monte-Carlo sampling for uncertainty analysis and the

computation of Sobol index with the FAST method for global sensitivity analysis. These methods have the advantage

to be quite robust even if numerically expensive (very time consuming and requiring a large capacity for data

storage). As a consequence, other techniques are suitable for real case applications.

In this context, the objective of our study is to investigate the “inversion-approach” for the study of the influence of

the breach geometry and location to water depth in a bi-dimensional inundated area. This method consists in the

definition of a “safety criterion” (as for instance “the water level in a given location must be lower than a given

values”) and the analysis of all the uncertain input parameters (breach geometry and location, breach initiation, flow

hydrograph, etc…) combination permitting to respect the safety objective. In order to estimate this safety set, we will

use a standard surrogate approach, which reduces widely the number of model evaluations needed. This algorithm

rely on a kriging surrogate built from few model evaluations, sequentially enriched with new numerical model

evaluations as long as the remaining uncertainty of the whole safety set remains too high [12, 13]. Also known as

“Stepwise Uncertainty Reduction”, this algorithm is embedded in the Prométhée workbench in charge of bridging

the numerical model and any design of experiments algorithm.

We applied this algorithm to a simplified river case by studying the combination of the following breach parameters:

breach length, maximum breach scour, and failure criteria.

The results will be introduced as the safety set of these breach parameters, and analyzed in terms of safety control

inside the operating range of the river. Once properly evaluated, this constrained zone gives highly valuable data for

a fully risk informed management of the river.
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