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ABSTRACT A GIS-based one-dimensional flood simulation model is presented and applied to the centre of the city of Nîmes (Gard, France), for mapping flow depths or velocities in the streets network. The geometry of the one-dimensional elements is derived from the Digital Elevation Model (DEM). The flow is routed from one element to the next using the kinematic wave approximation. At the crossroads, the flows in the downstream branches are computed using a conceptual scheme. This scheme was prior designed to fit Y-shaped pipes junctions, and has been here modified to fit X-shaped crossroads. The results were compared with the results of a two-dimensional hydrodynamic model based on the full shallow water equations. The comparison shows that good agreements can be found in the steepest streets of the study zone, but differences may be important in the other streets. Some reasons that can explain the differences between the two models are given and some research possibilities are proposed.
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INTRODUCTION Flood modeling in urban areas has received much attention in the last years, with a focus on the characterization of flow depths, velocities and flood duration (Inoue et al., 2000, Nania et al., 2004, Xiaotao et al., 2001). Two-dimensional (2D) models that account for the high variability and possible discontinuity of urban flow patterns are computationally very timeconsuming and require a large amount of data. A simplified one-dimensional (1D) GIS-based model is presented in this study, as an alternative to complex 2D models, having in mind to propose a more operational tool. The study site is a one square kilometre area in the centre of the city of Nîmes (Gard, France), that was subject to a 100-years estimated return period event in 1988.



OVERVIEW OF THE 1D MODEL STRUCTURE The one-dimensional model presented here is based on a regular cartesian grid, in which the flows are routed from one cell to the next using the kinematic wave (Vieux and Gauer, 1994; Cappelaere et al., 2003). This model has been used through the hydrologic modelling workbench Athys/Mercedes (Bouvier et Delclaux, 1996, or see http://www.athys-soft.org). We will introduce the main features of the model as follows : preparation of the topology of the urban area, modelling the flows in the streets, modelling the flows at the crossroads. We Lhomme et al.
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10th International Conference on Urban Drainage, Copenhagen/Denmark, 21-26 August 2005 focus on the water propagation through the streets network, and we will only present the routing function. It would be possible to introduce exchanges fluxes with buildings or the sewer network, rainfall inputs and production functions but this was not done in the present study. Preparation of the topology of the urban area As mentioned above, the pathflows are derived from a DEM. The resolution of the DEM has here been set to 5m, in order to have an accurate flow paths description. In each cell, the stormwater flows downstream to the lowest elevation cell, in the immediate neighbourhood. The flow direction within each cell could only be diagonal or parallel to one of the cell edges, thus 8 directions are possible for flow routing (Figure1, left). Of course, the streets may strongly affect the natural pathflows derived from the DEM, and the DEM has been modified to give priority to the streets drainage. This was done in three steps : i) street cells must first be identified, and this was done from a land registry map converted into a regular grid. The streets network was then drawn directly from this map, using some GIS functions; ii) the elevations of the street cells have been reduced, subtracting 50 m, in order to give priority to the street drainage when computing the pathflows; iii) a uniform main drainage direction has been imposed in each street, between two crossroads, in order to avoid some water accumulation (Figure 1, right). This main drainage direction is derived from the elevations of the two ending nodes of the street. The crossroads cells must be also defined because modelling their behaviour is specific. A crossroad cell is a street cell, which has at least 2 upstream street cells or at least 2 downstream street cells in its immediate neighbourhood. The latter are convergent crossroads, the former are divergent crossroads (Figure 1, left).



Figure 1. Sketch of the different cell types (left); sketch of the uniform drainage direction over one street (right). Routing function in a street cell The propagation of the flow in the streets cells is done using the classical kinematic wave equations : ∂A ∂Q (1a) + =0 ∂t ∂x S0 = S f



(1b)



where Q is the discharge (in m3/s), A is the wetted section (in m2), S0 and Sf are respectively the bottom slope and the energy line slope (in m/m), x is the abscissa (in m) and t is the time (in s). Equation (1a) is discretised with a finite-difference explicit scheme : vol(i,j,t + ∆t ) = vol(i,j,t ) + ∆t (Qe (i, j , t ) − Qs (i, j , t ) )
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(2a)
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10th International Conference on Urban Drainage, Copenhagen/Denmark, 21-26 August 2005 where (i,j) are the coordinates of a cell, vol(i,j,t) is the volume of water located on the (i,j) cell at the time t, ∆t is the time step, Qe(i,j,t) et Qs(i,j,t) are respectively the incoming and the outgoing discharge related to the (i,j) cell. Equation (1b) is associated with Manning-Strickler relation to give after discretisation : Qs (i, j , t ) = K (i, j ) A(i, j , t ) RH (i, j , t ) 2 / 3 S 0 (i, j )1/ 2



(2b)



where K(i,j) and S0(i,j) are respectively the Strickler friction coefficient (in m1/3/s) and the bottom slope on the (i,j) cell, RH(i,j,t) is the hydraulic radius on the (i,j) cell at time t (in m). The incoming discharge for a given cell is equal to the outgoing discharge from the upstream cell. The water volume vol(i,j,t) is linked to the water depth h(i,j,t) on the (i,j) cell at time t through the following relation : (3) vol(i, j , t ) = λ (i, j ) L(i, j )h(i, j , t ) where λ(i,j) is the street width on the (i,j) cell at time t and L(i,j) is the length of the cell (i,j), here 5 or 5 2 m according to the pathflow. The celerity c(i,j) in the (i,j) cell can be estimated with the classical assumption of a large channel ( λ >> h ) as : c(i , j ) = (∂Q ∂A)(i , j ) ≈ 5V(i , j ) 3



(4)



So the stability Courant condition can be written : ∆t 
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