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USE OF STANDARD 2D NUMERICAL MODELING TOOLS TO SIMULATE SURFACE RUNOFF OVER AN INDUSTRIAL SITE -FEASIBILITY AND COMPARATIVE PERFORMANCE SURVEY OVER A TEST CASE

Keywords: flood risk assessment, surface runoff modeling, industrial site, 2D shallow water equations, MIKE, TELEMAC

Intense pluvial generated surface flow over an industrial facility represents a flood risk requiring an appropriated approach for risk assessment. Runoff over industrial site might has flow regime changes, wild flooding/drying extend, as well as small water deep properties. This makes standard bidimensional (2D) numerical surface flow models use particularly challenging. Indeed, numerical treatment of theses properties might not be specifically supported by models. Furthermore, it gets close by their traditional application domain limits. Accordingly, an assessment of this group of numerical tool use for such a purpose needs to be in detailed studied to evaluate feasibility, performance and relevance of their use in this context. This paper aims to focus on common 2D numerical modeling tools use for application over an industrial plant test case to simulate surface runoff scenarios. Feasibility of such an approach is hereby studied. Performances and relevance of this attempt are evaluated. Our test case has specificities of real industrial plants in terms of domain extend, topography, and surface drainage structures. Tested scenarios state a uniform net hundred millimeters one hour long rainfall event in a context of storm water sewer pipe failure. Selected tested models were a 2D finite differences diffusive wave model and an array of different 2D shallow water equation (2D SWEs) based models. Comparison has been, conduced over computed maximal water depth and water deep evolution. Results reveal a feasibility of theses tools application for the studied specific purpose. They underline the necessity of a highly fine spatial and temporal discretisation. Tested categories of average 2D SWEs based models, show in a large extend similar results in water depth calculation. Used indicator of results reliability estimation did not point out major critical aspects in calculation. Limits inherent of theses categories of models use for this domain of application are underlined. Relevance of this approach is raised up.

INTRODUCTION

Flood risk over industrial sites includes surface runoff generated by intense pluvial events. For sensitive industrial sites, this risk has to be assessed as it might lead to issues for industrial activities, environment and for human protection. A new guide for nuclear power plant protection against flooding risk has been elaborated by the Institut de Radioprotection et de Sûreté Nucléaire (IRSN) for the french safety authority (ASN). The guide [START_REF]Protection des installations nucléaires de base contre les inondations externes[END_REF] defines a set of Standard Flood Risk Situations (SFRS) to be taken in consideration for safety assessment of nuclear power plants. This guide notably includes a SFRS defining a framework for intense pluvial generated runoff risk assessment. This SFRS recommends that a plant has to be able to cope with a one hour long rainfall event with a hundred year return period, meanwhile sewer system network is considered as locally non available. Through this SFRS, aim is to consider two possible aspects in safety failure which might occur during an intense rainfall event scenario: (i) a clogging of sewer network access, and (ii) a possibility of rainfall events occurrence exceeding the return period for which the sewer system has been designed and implemented.

Different approaches for the runoff SFRS application are possible. (i) A spreading of the cumulated rainfall volume over the industrial site might be an approach to consider for flat sites, to identify pounded areas. It has to be noticed that this quantitative approach do not take hydrodynamic aspects into accompt. (ii) Using fine topographical data, main drainage path and pounded areas can be identified. This method is rather qualitative and does not integer quantitative aspects. (iii) Numerical modeling of runoff as a free surface flow is a practice often used at larger scale for flood risks assessment and might be applied for runoff over high resolution topography studies. Indeed, gaining ground of standard numerical modeling tools use for surface runoff component modeling at high resolution is observed [START_REF] Ciliberti | 2D analysis for local flooding assessment in a new square of Barcelona during storm events[END_REF][START_REF] Gomez | Methodologies to study the surface hydraulic behaviour of urban catchments during storm events[END_REF]. At the same time, nowadays techniques for high resolution topographical data gathering are becoming commonly used. Modern techniques as Light Detection And Ranging (LiDAR) [START_REF] Aktaruzzaman | Detailed Digital Surface Model (DSM) Generation and Automatic Object Dection to Facilitate Modelling of Urban Flooding[END_REF] and Unmanned Aerial Vehicle (UAV) Photogrammetry [START_REF] Remondino | UVA Photogrammetry for mapping and 3D modelling-Current status and future perspectives-International Archives of the Photogrammetry[END_REF] can produce Digital Elevation Models (DEMs) with a resolution consistent enough to finely represent surface drainage influencing structures up (eg. walls, side walks, curbs…). Nevertheless, runoff over an industrial site environment might have rapid flow regime change and high gradient properties, representing numerical challenges for standards modeling tools. Moreover, if high resolution topographical data integration within hydraulic models might be interesting to represent small scale structures that affect surface flow patterns, issues might be encountered for these data use with standard numerical modeling tools.

Taking these aspects in consideration, this study investigates on relevance and feasibility of standard 2D numerical modeling tools use within the recommended runoff SFRS context. Indeed, these tools use for a purpose different from the ones for which they have originally been designed for rises questions up about validity, feasibility, limits and relevance of such an approach. This paper aims to point out, through a methodology applied on a test case based study, relevance and limits of standard 2D numerical modeling tools use for runoff induced flood risk assessment. Moreover, objective is also to point out what should be regarded in methodology for models optimisation and for error detection. First, this paper details main lines of the used method for tests and comparisons of selected modeling tools within runoff SFRS framework. Next, results are presented and discussed, comparing performance and limits of tested numerical modeling tools. Finally, a feedback on validity, limits and relevance of standard numerical modeling tool performance for high resolution runoff modeling in runoff SFRS context is raised up.

MODELING FRAMEWORK AND METHOD FOR COMPARISON

Tested categories of numerical modeling tools

A numerical modeling approach classically requires different aspects to be regarded before its application, mainly including: the objectives of the model, the physical processes included through model's mathematical formulation, the dimension of the phenomena, the numerical scheme and the numerical method used for discretisation of the continuous phenomena and to resolve equations. For modeling tool selection process, these aspects are considered, headed by following constraint: modeling tools and modeling approach have to be based on standard tools commonly used by consulting company and not involve any specific developpement. Objectives of the modeling approach in runoff SFRS context should be to help for (i) at least a relative identification of runoff induced maximal water depth (h max ) and for (ii) an understanding of runoff hydrodynamics over a specific site configuration.

For the application purpose, the use of 1D model has not been considered as a relevant approach as the runoff phenomena is clearly 2D. The use of pseudo-2D models require a good a piori knowledge of flow direction and involve a time consuming task for model construction. 3D model use does not appear to be necessary here as the vertical dimension of the phenomena is negligible compare to horizontal ones and will involve intensive computational effort. Therefore methodology for runoff modeling was tested with commonly used 2D free surface flow numerical modeling tools. Firstly, due to the physics of the runoff process (2D); secondly, due to the increasing popular use of this kind of modeling tools for overland flooding risk studies by consulting companies and eventually, due to the assumed ease of use of this category of tools for high resolution data implementation.

For overland flow, standard 2D free surface numerical modeling tools are most commonly based on 2D shallow water equations (SWEs) resolution and were therefore chosen for our application, notwithstanding latent uncertainty on validity of friction terms mathematical representation for our purpose, which would require to be more fundamentally studied. Runoff over an industrial site might have properties of: rapid flow regime change, small water depth over high topographical gradient, wet/dry transitions as well as steady flow and pounded areas occurrences. These aspects represent numerical challenges for 2D SWEs based standard numerical modeling tools which might not have proper numerical treatments of these properties included. Consequently, to identify and highlight advantages and limits of different numerical approaches, a wide range of models were compared. The complete resolution of 2D SWEs was tested with tools relying on an array of different numerical methods (Table 1). A modeling tool using 2D SWEs diffusive wave approximation (Mike SHE) was included in comparison, to check if the underlying assumption of inertial terms neglecting sound acceptable for high resolution runoff modeling purpose, and to see is this category of tool can be used to give a first quick h max estimation.

Non structured mesh use seems adapted for our purpose, allowing to refine mesh around flow pattern affecting structures. Nevertheless their construction might get complicated requiring mesh generators key to include properly this system of flow pattern affecting structure which is densly represented in case of an industrial site. Mesh structured models use might not seems to be the most suited for a complex topography representation as they do not offer mesh refinement possibilities. Nevertheless a high resolution grid use might partially compensates for this aspect. Even though high resolution grid use for calculation involves a high number of computational points and therefore a high computational cost, the direct use of a grid is attractive in terms of time gain in model construction.

Over industrial site, runoff flow specificities require numerical methods which can, at least, stably handle flow regime changes and numerical shocks occurrences. The Mike 21 Alternate Direction Implicite (ADI) method has been implemented by the Danish Hydraulic Institute (DHI) with a specific treatment to handle supercritical flow occurrences, using numerical diffusion to stabilise model through an upwind treatment of 2D SWEs convective terms [START_REF] Dhi | MIKE 21 FLOW MODEL, Hydrodynamic module: Scientific documentation[END_REF][START_REF] Mccowan | Improving the performance of a twodimentional hydraulic model for floodplain applications[END_REF] Mike 21 as well as Mike 21 FM use a threshold value system to handle moving boundaries problems (cells wetting/drying) [START_REF] Dhi | MIKE 21 & MIKE 3 FLOW MODEL FM, Hydrodynamic and transport module: Scientific documentation[END_REF][START_REF] Audusse | A fast and stable well-balanced scheme with hydrostatic reconstruction for shallow water flows[END_REF]. Two different finite volume methods (FVM) were tested: (i) Mike 21 FM which is cell-centred and (ii) TELEMAC 2D which is vertex-based. TELEMAC 2D FVM was used with a "well-balanced" scheme including a rewriting of the SWEs using a hydrostatic reconstruction leading to an oscillation free and permanently positivity of the solution [START_REF] Schubert | Unstructured mesh generation and land cover-based resistance for hydrodynamic modelling of urban flooding[END_REF]. Tested TELEMAC 2D finite element method (FEM) relies on a Stream Upwind Petrov Galerkin (SUPG) numerical scheme, decentring the basis functions in order to account for the flow direction in the discretization of the advection terms.

Modeling tool

Test case for runoff SFRS modeling

Three types of scenarios matching with the SFRS framework were tested (Figure 1). These scenarios introduce the same total quantity of water in the model and consider infiltration process as negligible. First and second scenarios (S1 and S2) were two one hour long rainfall events of 100 mm. S1 had a constant 100 mm.h -1 rainfall intensity. S2 had a triangular rainfall intensity variation, linearly rising up to a maximum of 200 mm.h -1 at 30 min, then linearly decreasing back to 0 mm.h -1 at 60 min. Third scenario (S3) was a 0.1m height water surface initially covering the entire domain up. Even though S1/S2 and S3 lead to different hydrodynamic conditions, their complementary inclusion in the tested method can give an insight (i) to help for the hydrodynamic understanding and to point out sensitive configuration on a site, (ii) to highlight different categories of difficulties encountered by modeling tools. Created test case is a 60 000 m 2 industrial site which includes representation of surface drainage influencing structures such as: roads with slopes orientating runoff to water collecting structures , side walks, road curbs, gutters and door steps (Figure 2). Acess to burried sewer network is considered as non available. To achive a horizontal topographical resolution fine enough to represent surface drainage influencing structures in urban type environement, the interval of spot elevation data should be in the range of 0.1 m to 0.4 m for DEM generation [START_REF] Mark | Potential and limitations of 1D modelling of urban flooding[END_REF]. Created DEM was a 0.1m per 0.1m horizontal resolution grid. This grid resolution fits with required horizontal precision to represent above mentioned structures and is compatible with standard geomatic technologies for spatially dense topographical data information gatering [START_REF] Aktaruzzaman | Detailed Digital Surface Model (DSM) Generation and Automatic Object Dection to Facilitate Modelling of Urban Flooding[END_REF][START_REF] Remondino | UVA Photogrammetry for mapping and 3D modelling-Current status and future perspectives-International Archives of the Photogrammetry[END_REF]. The modeled domain boundaries were closed. A reservoir was located downstream, for water evacuation and storage, far enough not to influence backward flow condition in the area of interest. An important aspect was to use a spatial discretisation fine enough to keep on representing runoff influencing structures as included in the high resolution DEM. Consequently, for most of tested tools, temporal discretisation had to be fine as well, mainly due to numerical methods inherent Courant-Friedrichs-Lewy (CFL) number restrictions. For models using structured mesh, the 0.1 m per 0.1m resolution DEM grid was directly used as a staggered grid when possible. Figure 3 illustrates the resolution of the unstructured mesh used for TELEMAC models. Buildings were ever included in calculation domain as elevation data or ever excluded from it, using their footprint as break line and adding a normal no slip boundary condition. These two approaches are considered as equally performing in building representation for flood extend assessment in high resolution urban modeling [START_REF] Schubert | Unstructured mesh generation and land cover-based resistance for hydrodynamic modelling of urban flooding[END_REF]. Water flowing from building roofs was included in models as source points representing gutter discharges. For energy losses due to rougthness and to eddy viscosity, chosen approach was to integrated them using standard practice and coefficient values commonely used in urban flooding modeling practice, notwithstanding that it would require a more important effort to assess if such kind of integration is still valide for our purpose. Strickler rougthness coefficients of 60 m 1/3 .s -1 and 27 m 1/3 .s -1 were applied respectively to constructed and non constructed areas. Smagorinsky eddy viscosity approach was used to accompt energy losses due to horizontal turbulence.

Methodology for approach relevance and performance assessment

Parameter of interest was the runoff reached h max , especially in constructed area. Therefore, h max values and water depth evolution computed by models were relatively compared as no possibility to validate computed results with observation was available.

A sound check on computation reliability indicators has been implemented to identify and to troubleshoot critical aspects in modeling. Aim was (i) to optimize models performance and (ii) to identify potential incoherence in calculation. The verified indicators of computation reliability were: mass balance, CFL number, velocity, characteristic time check and oscillations occurrences. Moreover, flexibility offered by modeling tools for optimal use has been tested and taken into consideration for the modeling approach performance survey. Interest has been keen on possibility of: the 3 scenarios implementation, adapted spatial and temporal discretisation use, treatment/handle of flow induced numerical specificities. Finally, as it was aimed to keep the modeling exercise under realistic elaboration and running time constraints that might be encountered in practical engineering studies, modeling tool ease of use for high resolution runoff modeling was an aspect to be regarded and to be compared as well.

RESULTS AND DISCUSSION

Scenarios S1, S2, S3 implementations was constrained by different limitations in selected software. Table 2 sums up scenarios modeling possibilities reached with the different tools. Mike SHE and Mike 21 could stably run all tested scenarios. In Mike 21 FM, the finite volume method is not stable in case of high gradient and for instance, it has required to exclude walls type infrastructure from mesh for S1 and S2 runs (the wall highlighted in figure 3), whereas for S3, a stable run could not be performed. These stability aspects are both numerical method and mesh quality dependent. These issues were not encountered with TELEMAC 2D models but runs introducing rainfall is not a standard available option and would require additional programming effort. Therefore, it was not possible to run S1 and S2 scenarios with TELEMAC 2D. This option of rainfall introduction as source term will be included in next TELEMAC version (v6p2). An illustration of first seconds of scenario S3 run with Mike 21 water depth evolution is represented in figure 4. 

Results overview on parameter of interest

Water depth

Chiefly, depending on nature of implemented scenarios, runoff hydrodynamic and reached h max are different, as illustrated by figure 5. Indeed both intense rainfall events (S1, S2) conduce to an overflow of surface drainage structures like road curbs as illustrated in figure 6. As the catchment analysis through GIS and empirical formula use show a quick concentration time (about 3 min), differences in maximal rainfall intensity consequently lead to differences in reached h max . Important initial quantity of water (S3), lead to a different hydrodynamic with a quickest and highest reach h max . Regarding tested numerical modeling tools, Mike SHE was used and configured with the aim to get quick results and to see if a diffusive wave assumption based model use was acceptable for our approach. Though roughly matching with the results we get with other complete 2D SWEs based models, some areas around buildings which are founded to be flooded with other models are not with Mike SHE. Moreover runoff hydrodynamic over flat areas and pounded areas is inaccurately treated. This is due to the fact that only gravitational forces are considerate for flow motion within Mike SHE [START_REF] Dhi | MIKE SHE USER MANUAL : Reference guide[END_REF]. Therefore, we stopped to considerate this modeling tool use as relevant for our objectives as these aspects are an important issue for our purpose.

Globally speaking, 2D SWEs based models lead to comparable h max values for a given scenario (Figure 7). Differences in results firstly depend on differences in spatial discretisation which rely on the mesh performance to accurately represent topography. Moreover, h max value is an averaged value for a given mesh cell and though location of points of interest are the same, mesh cell size are different between models. Secondly, even though optimization in setup was performed, some numerical methods (for instance with Mike 21 models) still produce spurious oscillations therefore, lead to slight overestimations of h max values. Regarding runoff water depth evolutions, results from the different 2D SWEs based models globally have comparable behavior as well. Nevertheless, differences might appear in first minutes of simulations. Indeed, when using a threshold value system for wetting/drying of cells treatment (in Mike 21 and Mike 21 FM models), below these threshold values, 2D SWEs are not fully resolved. Then in a rainfall scenario case, the hydrodynamic behavior before the time at which the cumulated rainfall intensity exceed the threshold value, rely on a simplified SWEs resolution. The threshold value has to be low enough to limit such kind of effects influence on overall results relevance.

Computation reliability indicators

Globally, indicators did not reveal majors inconsistency in computation. To reach this it has been necessary to optimized models setup, (mainly through discretisation adaptations) to keep CFL number under restrictive values. This can induce limitations in modeling tool use. For instance, Mike 21 can stably run only for a maximal CFL number under 0.2 to cope with a stable treatment of supercritical flow. Mass balance checks did not reveal any important problem in conservation of water quantities. Mike 21 has nevertheless, up to a 4% mass creation for S3 scenario after a 30 min long simulation. This is due to the fact that spurious oscillations are more important with this model and negatives water depths are reset to a small positive value, therefore creating mass in models. Velocity check gives an order of magnitude of values which sound realistic with the physic of the phenomena (maximal velocity is about 3-4 m.s -1 ), and no artificial polarization is detected. A sound check of concentration time and lag time was done as well, and values calculated from models results are comparable with results calculated from empirical formula estimations. Spurious oscillations are in detail regarded through limnigrammes as illustrated in figure 8. Indeed, due to relatively small water depth considered in this specific application oscillation magnitude can significantly increase results uncertainty. Smoothing of solution due to the numerical diffusion, induced by some numerical method to stabilize computation might impact results accuracy as well. 

Selected tools performance comparison

For the specific application on high definition areas, added value and limits of each modeling tools regarding factor influencing model possibility and quality are summarized in table 3. Regarding a structured mesh use possibility, with Mike 21, the DEM raster can be directly used as a staggered mesh. Nevertheless, the software has a constant time step lower limit of 0.01 s. For computation stability sake (constrained by the CFL number), the 0.1 m resolution grid direct use as a mesh was not stable with such time step limitation. Therefore, the grid resolution had to be decreased to 0.3 m to maintain a CFL number compatible with a switch in numerical method for an upwind treatment of convective terms of 2D SWEs [CITER]. Indeed, in case of supercritical flow and high gradient occurrence stability rely on this numerical treatment. For the test case this 0.3 m discretisation spatial resolution was fine enough for drainage influencing infrastructure representations but for more complex cases it might lead to restriction for this modeling tool use. Concerning Mike 21 FM, models encountered difficulty to stably deal with high gradient occurrences. This can be partially overcome, ever by excluding high gradient infrastructure from modeled domain when possible and acceptable, or ever by a more important workload on mesh refinement. Indeed, unstructured mesh generation was effectuated with both Mike generator (for Mike 21FM) and Blue kenue (for TELEMAC 2D). For our application purpose, ease of a mesh construction with pertinent refinement is founded to be superior with Blue kenue mesh generator. Stability in Mike 21 and TELEMAC 2D (FEM with SUPG), is increased using numerical diffusion (notably by an upwinding treatment of convective terms). It has to be kept in mind that such method is a decreases of solution accuracy.

The numerical treatment of wetting/drying as well as spurious oscillations limitations in flat/pounded areas and in cases of a reached steady flow state, are treated in a stable manner with TELEMAC 2D kinetic scheme. The treatment of these properties by Mike 21 and Mike FM models is compatible with our application as well but has to be carefully regarded as for instance threshold treatment system use induce differences in rainfall scenarios, as the complete resolution of 2D SWEs starts only after that cumulated rainfall exceeded the threshold. 

CONCLUSIONS

To fit with Standard Flood Risk Situation (SFRS) framework and objectives for runoff induced flood risk assessment over an industrial site, the use of standard 2D free surface flow numerical modeling tool is founded to be a reliable method which can provide an interesting support. Nevertheless, such type of approach requires cautions in results validity interpretation and raise up practical limits for adapted models creation with standard modeling tools. This study helped to rise up a basic methodology for 2D standard numerical modeling tool use, highlighting influent parameters and critical aspects to address for selected category of tools employment. Simplified 2D SWEs approach as the diffusive wave approximation relies on assumption that influence of some terms can be neglected. Over our test case, for high resolution runoff modeling, these terms significantly impacts reached water depth and deserve to be accurately represented. Here, this category of model is not suited for our purpose. Fully resolved 2D SWEs based modeling tools seemed to be more adapted for high resolution runoff modeling for objectives of runoff induced maximal water depth estimation and site hydrodynamic understanding. Nevertheless, numerical representation and treatment of parameters like manning coefficient and eddy viscosity deserved to be more fundamentally studied.

Tested and compared numerical modeling tools produce comparable results independently of the used numerical method, even if requiring important optimization in models creation and setup. In most practical runoff modeling application cases, use of numerical modeling approach for the scenarios defined by the SFRS framework will lead to result which can not be validated by measurement. Therefore, it sounds essential to check and to identify potential troubles and limits in calculation through computation reliability indicator use. A complementary use of different models relying on different numerical schemes might help to assets inherent relative limits and performances of created models.

Standard numerical modeling tools use for high resolution runoff modeling spotlight disparities among tools in terms of practical aspects. High resolution topographical data integration can be properly done but modeling tools can not equally fulfill requirement for establishment of an adapted discretisation. Here, this is the case in terms of ease to create an adapted mesh and in terms of temporal discretization limitations. Modeling tools can not equally possibly represent all categories and variations of scenarios (rainfall/initial water depth). Modeling tools stability to handle high gradient occurrences, moving boundary treatment and spurious oscillations induce different limits related to discretisation and used numerical scheme.

In terms of relevance, numerical modeling approach for runoff flood risk assessment can give a valuable insight to evaluate facility exposure to runoff risk. Moreover the approach might highlight comprehension of dynamical aspects of the phenomena on a specific site and help for site management regarding this kind of risk exposure. For such a purpose the complementary use of different nature of scenarios is an interesting approach.
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 1 Figure 1: Diagram representation of the 3 types of scenarios.
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 2 Figure 2: Represented surface drainage influencing infrastructures on the created test case (left) and 3D view of created 0.1m horizontal resolution DEM (right).
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 3 Figure 3: Illustration of the unstructured mesh created for TELEMAC model with details on refinement around sturctures.
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 4 Figure 4: Illustration of firsts seconds of S3 (0.1m initial water depth) simulation run with Mike 21
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 5 Figure 5: Water depth reached at point 10 with Mike 21 for the three scenarios (point location in figure 6).
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 67 Figure 6: Average of complete 2D SWEs based models h max values, reached at 10 points for the 3 scenarios, with bars indicating maximal h max and minimal h max values reached by models.
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 8 Figure 8: Limnigramme at point 3 for S3 scenario with Mike 21 and Telemac 2D (using finite volumes numerical method)

Table 1 :

 1 Selected modeling tools and their numerical methods.

				Equation	Mesh	Numerical methods	Tested numerical scheme
	Mike SHE Mike 21 Mike 21 FM	2011 software	relase	diffusive wave aproximation of 2D SWEs complete 2D SWEs complete 2D SWEs non structured structured structured	finite differences finite differences finite volumes	Gauss Seidel method (SOR) ADI, with a treatment for high Froude number flow Euler explicite, Roe solver
	TELEMAC 2D TELEMAC 2D	version	v6p1	complete 2D SWEs non structured complete 2D SWEs non structured	finite volumes finite elements	Kinetic second order SUPG

Table 2 :

 2 Simulations possibly reached with selected standard modeling tools for runoff scenarios (where X is for a successfully reached stable modeling).

		S1: constant rainfall	S2: triangular rainfall	S3 : Initial 0.1 m high water
		event	event	depth
	Mike SHE	X	X	X
	Mike 21	X	X	X
	Mike21 FM	X	X	No stable configuration reached
	TELEMAC 2D	Option not available	X

Table 2 :

 2 Modeling tools main possibilities and limits encountered over our test case for high resolution runoff modeling.

		Use with 3	High resolution	Stability and high	Wet/dry treatment and
		scenarios	data use and	gradient induced	oscillation occurrences
			discretization	limitations	
		Possible	2D SWEs simplification lead to differences with other models results, over our
	Mike SHE	with S1, S2,	test case this category of model use is not considered as properly performing
		S3		for our specific purpose
	Mike 21	Possible with S1, S2, S3	software ∆t lower limit induce a CFL dependent limit for fine grid use	stable through diffusion introduction under important CFL restrictions	threshold value can be low enough for our purpose, oscillations might be important
	Mike 21FM	not stable with S3	mesh generator not well suited for our application specificities	stability problem with high gradient. Could require a specific meshing treatment	threshold system and oscillation can be lowered enough for our purpose
	TELEMAC 2D	no option for rainfall scenarios (S1, S2)	adapted	stable with FEM FVM (kinetic scheme) (upwinding and diffusion induced method), stable with	"well balanced" kinetic scheme allow a performing treatment