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RESUME

La gestion a la source des eaux pluviales est de plus en plus utilisée pour soulager le réseau unitaire
et contribuer a réduire les déversements vers les milieux naturels. Cependant, cette approche souléve
plusieurs questions sur le nombre minimal d’infrastructures, leurs types et leurs emplacements optimaux
pour obtenir une réduction significative des déversements a I'échelle du bassin versant. Ces questions
sont souvent évaluées par des approches de modélisation et des analyses de scénarios. Pour faciliter
la formulation de scénarios de déconnexion qui atteignent directement les objectifs de réduction des
volumes déversés, un modele semi-distribué est proposé dans cette étude. Le modéle permet de
simuler les différentes composantes de débit du bassin versant (débits des eaux usées, eaux de
ruissellement et eaux claires parasites) et les déversements. L’exploitation des résultats des simulations
permet ensuite d’identifier les composantes a déconnecter et 'emplacement prioritaire des ouvrages a
la source dédiés a cette déconnexion. Le modeéle a été appliqué au bassin versant d'Ecully sur une
année de simulation. Pour illustrer la méthodologie, un événement pluvieux typique a été analysé. Les
résultats obtenus montrent que pour respecter la limite reglementaire de 5% en volume annuel déversé,
il est nécessaire de déconnecter de 3% les eaux de ruissellement produites dans le sous-bassin versant
identifié. Par la suite une analyse a long terme des déversements sera effectuée pour déterminer les
scénarios de déconnexion potentiels afin d'atteindre les objectifs d’autosurveillance réglementaire
notamment concernant le nombre de déversements et le volume déversé sur une année.

ABSTRACT

Sustainable Urban Drainage Systems (SUDs) are increasingly used to alleviate the sewer system and
thus contribute to reduce combined sewer overflows (CSO). However, this approach raises several
questions about the minimal number of SUDs, their types, and optimal locations to achieve a significant
decrease of CSO at the catchment scale. Those questions are often appraised through modelling
approaches and scenario analyses. To facilitate the formulation of disconnection scenarios that directly
achieve the objectives of spill reduction a semi-distribute model is proposed in this study. The model
simulates the different components of the catchment (wastewater, runoff and rain infiltration and inflow
water) and the CSO volume discharges. The results of the simulations can then be used to identify the
components to be disconnected and the priority location of the structures at the source dedicated to this
disconnection. The model was applied to the Ecully catchment to one simulation year. To illustrate the
methodology, a typical rainfall event has been analyzed. Results show that in order to respect the
regulatory limit of 5% in annual volume discharged, it is necessary to disconnect 3% of the runoff
produced in the identified sub-watershed. A long-term analysis of the discharges will then be carried out
to determine potential disconnection scenarios in order to achieve the regulatory self-monitoring
objectives, particularly with regard to the number of discharges and the volume discharged over a year.
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1 INTRODUCTION

Combined sewer overflows (CSO), consisting of untreated spills of storm- and wastewater caused by
heavy rains, are one of significant source of pollution towards surface waters (Botturi et al., 2021).
Nowadays, different stormwater management strategies are increasingly applied to relieve the
traditional combined sewer system and thus, avoid CSO (Fan et al., 2022). In order to mitigate CSO
volumes and frequencies, the implementation of sustainable urban drainage systems (SUDS) upstream
seems appropriate. However, such implementation across a territory raises several questions about the
optimal location, type, number and size of SUDS (Ferrans et al., 2022; Lerer et al., 2015; Torres et al.,
2016). Hydrological and Hydraulic models are used to explore a diversity of configurations (also called
scenarios) and determine their performance according to the targeted objectives. A large variety of
approaches exist and can be found in the literature for SUDS scenario implementation. For example,
Bach et al. (2013) developed an integrated tool for SUDS placement selection based on urban land use
characteristics, Alves et al. (2016) used a decision tool based on local constraints (area, drainage area,
slope, soil type, groundwater) and Torres et al. (2021) used an piece-wise linear interpolation method
for SUDS placement.

However, even if the placement choice respects engineering constraints (slope, soil type, among
others...), it is still not focused on its performance in terms of reduction of spilled volumes. In addition,
many investigations are based on the trial-and-error method, changing one parameter prior to each
simulation and evaluating if the performance is enough for the desired objectives. This type of approach
may be a considerable computational time and input data demanding.

This study aims to consider the aspects that are lacking in existing SUDS planning studies for CSO
mitigation: how to identify the most suitable placement(s) for implementing SUDS according to their
contribution to CSO volumes and how to quantify the effort needed for a disconnection strategy
according to the quantitative objective to be reached (e.g. volume reduction).

These two questions have been investigated in this article using a specifically designed semi-distributed
hydrological-hydraulic model. The latter simulates flow dynamics (runoff water, wastewater, rainfall-
induced infiltration inflow and overflow water) in the combined sewer system, under the current
configuration and accounting for scenarios with SUDS. Finally, based on the quantitative outputs of the
model (with a particular focus on CSO frequency and volume), a prioritization method selects the sub-
catchments where SUDS implementation would be most effective to fulfil the selected criteria.

2 MATERIALS AND METHODS

2.1 Case study

The methodology was applied to the 245-ha catchment of Ecully (Lyon, France), which is drained by a
combined sewer system with an average slope of 2%. The catchment is urbanized with 42% of
impervious surface. The main CSO structure of the catchment was monitored by the Field Observatory
for Urban Water Management (OTHU - http://othu.graie.org) from 2004 to 2013. Water levels and flow
velocities were continuously measured upstream and downstream of the CSO with a 2-min time step.
Rainfall was also measured with a 1-min time step.

2.2 Data-driven hydrological model

The aim of the model was to simulate each component of the flow monitored upstream of the CSO
(wastewater, groundwater infiltration, surface runoff, rainfall-induced infiltration inflow). To avoid the
discrepancy between the use of empirical input parameters and the behavior of the catchment, the
model has been developed to use parameters that can be extracted from observations and data
treatment analysis (i.e. runoff coefficient, initial losses, wastewater inflow pattern, groundwater inflow
pattern). As shown in Figure 1, the model is based on (i) the rational method for surface runoff
production, with a runoff coefficient calculated from the observations over the observed period, (ii) a
linear reservoir as a transfer function for surface runoff and as a soil reservoir for the slow infiltration and
inflow into the network. Both are implemented with a respective lag time determined from the rainfall
observations over the same period (iii) an injection of wastewater pattern and groundwater infiltration
based on monitoring surveys and (iv) a discharge equation, obtained by means of 3-D numerical
simulations of the CSOs proposed by Momplot (2014). The outputs of the model are: the volume and
frequency of CSO and the water balance of each sub-catchment. These output criteria were selected to
allow to compare the initial state of the catchment to the legislative objectives as the annual exceedance
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of discharge volume in accordance with the local legislation (in France the discharge volume is limited
to 5% of the volume produced per year by the WWTP).
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Figure 1 Conceptual model of surface, sub-surface and network processes per sub-catchment.

2.3 Disconnection methodology

The disconnection methodology is a three-step approach: (i) rank the sub-catchments according to their
water balance (ii) identify the water component that contributes the most to the sub-catchment(s) water
balance and (iii) correlate the required volume to be reduced annually to the component identified
previously. The remaining volume will be first removed in the main contributing sub-catchment and if
necessary, the volume is removed from the next sub-catchment in the ranking.

3  PRELIMINARY RESULTS

The catchment was divided in 6 sub-catchments with different sizes and land use characteristics (Figure
2, a). The treatment analysis of 2007 observed data allowed to obtain the input parameters for calibrating
the model. One rainfall year was simulated and rainfall events with CSO were studied. The model proved
to simulate 75% of the 26 overflow events in 2007 with a NASH criterion better than 0.6 compared to
the discharge flow measured. To illustrate the disconnection methodology, one rainfall event
characterized by a return period of 2 months (data from Lyon Metropole) is taken as an example. Figure
2, b) show the different component simulated: wastewater, groundwater, surface run-off and rainfall
infiltration and inflow and the CSO threshold. Results show that 8% of the total volume produced in the
catchment is discharged through the CSO for the present rainfall event. According to the water balance
of each catchment (Figure 2, c), the major volume could come from the sub-catchment D, A and C and
the main component is runoff water. To reduce, at least, to 5% the fraction of the spilled volume
(threshold proposed by the French regulation policies), the proposed disconnection methodology
suggests to reduce at least 3% of run-off volume coming from sub-catchment D.
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Figure 2 a) catchment and sub-catchments land use of Ecully b) example of hydrograph simulated with the model
showing the different urban water components c) classification of sub-catchments according to their contributions
to the catchment outlet. The contribution is described according to the volume produced by each component per
sub-catchment.

4 CONCLUSION

This study explores a direct method for identifying where to implement disconnection strategies to
achieve CSO volume reduction goals. In addition to identify priority areas to be disconnected, this study
will also drive the scenario proposal by helping to optimize the selection and sizing of SUDS technologies
guided directly by a volume to be disconnected.

Results of one-year simulation show a good performance of the model to reproduce the different
components of urban flows and CSO events. Moreover, the direct method seems to be promising for
identifying the volume to be disconnected.

Upcoming results will apply the disconnection methodology to long-term annual simulations to formulate
disconnection scenarios that directly achieve the annual spill volume reduction objectives. In order to
verify the direct disconnection method's efficacity, the placement and feasibility of the selected scenarios
will be simulated.
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