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Monitoring and modelling of water quantity and quality processes in sewer systems have significantly evolved over the last three decades. Progress in sensors and online data acquisition have contributed to increase the knowledge on processes, with a special focus on their variability and their consequences on the representativeness of deterministic models. Long term monitoring allows to increase the representativeness of data in time, under varying rainfall conditions, and to interpret data and results with representative statistics. New emerging approaches based on low cost sensors and massive data acquisition will likely provide new perspectives in the near future. Some modelling concepts widely used since decades had to be revised as they were not performing as expected. New modelling concepts and tools appeared, based on non-traditional approaches in the field of urban drainage, with promising perspectives in terms of reducing modelling uncertainties, accelerating computation times, and opening new ways to display results. In addition, modelling as a scientific and engineering activity is revisited by epistemologists: objectives and usage of models, their link with knowledge, theory and explanation are questioned. These discussions may be useful to rethink modelling issues also in urban drainage. The keynote will introduce and discuss the above points, illustrate them with examples, inviting the audience to imagine the next steps of monitoring and modelling in urban drainage.

MONITORING AND STATISTICS

The long term monitoring of turbidity as a surrogate for TSS concentration in sewers allows to produce statistically representative data sets. Figure 1 shows the variability and the distribution of 239 TSS event mean concentrations measured in the Ecully catchment, Lyon, France. Figure 2 shows the cumulated mass-volume curves of 162 events measured in the Chassieu catchment, Lyon, France. The observed variability is a challenge for models.

MONITORING AND ACCURACY

Changing data acquisition strategy by using high frequency scan coupled to on-line data filtering allows to significantly reduce the noise in time series and to reveal phenomena and processes which were previously not detected. Figure 3 compares a traditional data acquisition strategy (1 measurement every 2 minutes) with a filtered high frequency (1 measurement every second) data reading combined with on-line analysis (outlier detection and filtering) at 2 minutes time step, for similar dry weather periods. 

NEW MODELLING TOOLS AND DISPLAY

Models in urban drainage are traditionally coded with standard languages like C++, Matlab, etc. and even dynamics of the processes are represented most frequently with static graphs and figures, after long and slow simulations on computers. Figure 4 shows an example of a model developed initially with Matlab and entirely re-coded with a video game engine, allowing much faster calculations and displaying a 3D video of the dynamic processes.

NEW MODELLING APPROACHES

Hydrodynamics in urban drainage facilities is usually simulated by mean of CFD models, based on various degrees of complexity or simplification of the Navier-Stokes equations, coupled to models of turbulence, wall effects, free surface estimation and appropriate mesh grids and numerical schemes. Computation times are usually very long (hours to days) with typical personal computers. New approaches like SPH (Smoothed-Particles Hydrodynamics) may replace the CFD tools, providing much faster simulations, no need of mesh, and accurate results. Figure 5 shows the application of a SPH model to the DSM® overflow device. Using lab experiments as reference, uncertainties in free surface location with SPH modelling are divided by a factor 3 to 5 compared data to CFD modelling. 
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 1 Figure 1. Log-scale histogram of TSS event mean concentrations in Ecully for 239 events[START_REF] Métadier | The use of long-term on-line turbidity measurements for the calculation of urban stormwater pollutant concentrations, loads, pollutographs and intra-event fluxes[END_REF].
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 2 Figure 2. MV curves of 162 events in Chassieu.The Y axis represents the cumulated mass of TSS divided by the total event mass of TSS, the X axis the cumulated volume divided by the total event volume[START_REF] Sun | Long-term stormwater quantity and quality analysis using continuous measurements in a French urban catchment[END_REF].
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 3 Figure 3. Flow at the outlet of the Chassieu catchment for similar dry weather periods. Top: traditional 2 minutes time step data acquisition on 26-27 March 2014. Down: new 1 second data reading and 2 minutes time step online data filtering on 05-06 May 2016[START_REF] Walcker | Une nouvelle station de mesure pour l'acquisition de séries chronologiques en hydrologie urbaine[END_REF].
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 4 Figure 4. Water and pharmaceuticals transfer in a sewer system simulated with a video game engine(Pouzol, 2018a).
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 5 Figure 5. Centre: SPH modelling of the DSM device. Top left: DSM lab experiments. Bottom right: RANS CFD modelling with Fluent® (Pouzol, 2018b; Mate-Marin, 2017).