Young Proceedings of the 1st JAHR
Professionals Young Professionals Congress
Network 17-18 November 2020

Hosted by
YPN Spain Water and IWHR, China

COUPLED HYDRODYNAMIC AND HYDROLOGIC MODELLING USING TELEMAC-2D

Nitesh Godara?, Michal Pavli¢ek?, Oddbjarn Bruland?

12 phD Scholar, Norwegian University of Science and Technology, Trondheim, Norway
3 Professor, Norwegian University of Science and Technology, Trondheim, Norway
e-mail : nitesh.godara@ntnu.no

ABSTRACT

Floods and other hydrological processes are difficult to estimate because of complex relationship
between various meteorological and basin parameters, extreme rainfall events and complex
topography such as steep slopes within the catchment. Telemac-2D model is used for rainfall- runoff
modelling in a steep and small (10.5 km2) catchment in Mgre og Romsdal county in western Norway.
Telemac-2D is a hydrodynamic model and the SCS curve number method can be used in the rainfall-
runoff module of this model to extend it to a Hydrodynamic Rainfall-Runoff Model (HDRRM). This paper
focuses on the coupling of the hydraulic model and the hydrologic model to extract the hydrograph at
any point in the catchment. The implemented hydrological scheme is quite simple, and the simulation
is inaccurate and quite slow from the hydrologic point of view because of coupling with the hydraulic
model. The purposes of this work are to improve the hydrological scheme in Telemac-2D, increasing
the accuracy of the coupled model and reducing the simulation runtime.
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1 INTRODUCTION

Telemac-2D is a hydrodynamic model solving the shallow water equations. Since telemac-2D has a supplement
to include Soil Conservation Curve Number (SCS-CN) it can be extended with a hydrodynamic rainfall-runoff
model. The SCS - method was developed by USA's Soil Conservation Services. This method is widely used
throughout the world because it is very stable and based on the empirical data (Ligier; 2016). SCS-CN method
is very simple and easy to use as the infiltration losses depend only on one parameter curve number which is
based on the land- use and hydrologic soil group present in the catchment.

2 METHODS

2.1 Input data collection and preparation

The area chosen for this study is Sleddalen catchment which lies in Mgre og Romsdal county of Norway. The
catchment is very steep whose elevation drops from 1379m to 77m and its approximate area is 10.5 km2. The
digital elevation model (DEM) for the catchment was downloaded from hgydedata.no which is obtained by red
lidar scan of the area. The curve number file used as input was extracted from the GCN250, new global gridded
curve numbers (Jaafar et al.,2019). The main meteorological data required for the rainfall-runoff modelling using
Telemac-2D is the precipitation data in the form of a hyetograph text file. Precipitation data for the catchment
was downloaded from the website senorge.no, where the hourly precipitation data was available from 2018 mid-
October to the present date. The triangular mesh for the geometry file was generated using Bluekenue.

2.2 Running the simulations

The main input files required for running the simulation are geometry file containing the information about the
basin characteristics and curve numbers, boundary condition file, hyetograph file and the simulation file. The
model was tested by running the simulations for the different time periods between October 2018 and
September 2020 using different scenarios such as changing the mesh sizes in the river and the catchment,
curve numbers, AMC conditions and the temporal scale of the precipitation data.
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3 FINDINGS AND ARGUMENTS
The main result is presented in Figure 1 (on the left). The model responds to the rainfall, but there are large

discrepancies between observed and simulated. In this simulation, a mesh size of 10m in the river and 500m in
the remaining catchment was used.
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Figure 1. Observed and simulated discharge for a longer period with a coarse mesh size (on the left), Effect
of steep slope correction and the mesh size (on the right).

The effects of changing the antecedent moisture conditions (AMC) and the curve number were as expected i.e.
increasing the curve number throughout the catchment gave the higher runoff volume and changing the AMC
conditions from AMC3 (wet conditions) to AMCL1 (dry conditions) decreased the runoff volume. Some studies
have shown that increasing the catchment slope increases the runoff volumes (Taccone et Antoine; 2015). The
average catchment slope is approx. 48% but the catchment has sudden drops making it more than 100% at
some places. Hence the correction for steep slope was applied. Figure 1 (on the right) shows that the effect was
significant only in the beginning of the simulation time period.

To make the simulations faster, coarser mesh was generated in the catchment and the river. The benefit of this
was that the simulation runtime was decreased many-fold, but it did not represent the true geometry of the river.
Using the coarser mesh in the river also made it difficult to catch the exact volume of the water in the river which
resulted in the lower volume of the water than the actual. 3m triangular mesh size was used for the river and
5m mesh size was used for the remaining catchment as the finer mesh size while, 10m mesh size was used for
the river and 500m was used for the remaining catchment as the coarser mesh size. The effect of mesh size on
the results are shown in Figure 1 (on the right).

4 CONCLUSION

A steep and small Norwegian catchment was chosen for the rainfall-runoff simulation. Hydrologic model was
coupled with the hydraulic model using the SCS-curve number rainfall- runoff module present in telemac-2D
model. The simulations were very fast in terms of hydraulic modelling but quite slow in the hydrologic point of
view. Running the simulation for a longer time period (with course mesh size) showed that currently the results
for peak discharges are not very good for the coarser mesh size, but the volume of the water can be made more
precise with the finer mesh size. In the future work, more sophisticated hydrologic models and methods including
a snow routine will be implemented in telemac-2D to improve the simulation results. In addition to that, the aim
will be to further reduce the simulation runtime.
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