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Dans les réseaux d'eaux pluviales et d'égouts unitaires, les événements de précipitation peuvent provoquer des chasses de pollution. Cependant, aucun modèle cohérent et temporel pour l'occurrence de ces impacts n'a pu être prouvé dans la littérature jusqu'à présent. Comme le réseau d'égouts unitaires contient également des eaux usées, les charges des impacts de la chasse d'eau peuvent être sous-représentées dans les mesures et les analyses. Pour cette raison, ce travail sépare d'abord les composantes de la charge des eaux usées de celles des eaux de pluie pendant les événements pluvieux. Ce n'est qu'ensuite qu'une analyse des impacts de charge induits par le ruissellement des eaux de pluie est effectuée en regroupant les paramètres des événements et les courbes masse-volume.

Une série continue de temps sec a été dérivée avec des incertitudes acceptables afin que la composante eaux pluviales de l'événement d'égout combiné puisse être extraite. En outre, la détection automatique des événements d'égouts combinés a été effectuée en utilisant l'algorithme présenté. En conséquence, la séparation des composantes des égouts combinés a conduit à des événements de chasse d'eau entraînés par les eaux pluviales beaucoup plus prononcés pour les petits et moyens rejets.

INTRODUCTION

During rain events, rainwater reaches the combined sewer system and causes additional hydraulic and pollutant load. Due to limited capacity of the sewer system and the wastewater treatment plant, overflow structures are constructed to reduce the discharge and thus create a potential hazard for the environment. For optimal management of these structures, it is necessary to know the runoff and pollutant load of the events and their distribution over time. When these distributions have a significant peak, they are often referred to as a flush, the best-known phenomenon being the first flush at the beginning of a rainfall event. This knowledge can be used for the design of retention facilities and the calibration of sewer models. The flush phenomena are mainly caused by the erosion of contaminants on the surface as well as the remobilisation of sediments in the sewer network.

Although many papers have investigated the first flush, no common pattern for the occurrence of these flushes has been identified. To better understand these flush signals, this paper attempts to gain additional insight into flush events in a combined sewer network.

While the concentration of the flushes in rainwater sewers can be measured directly, the rain flushes in combined sewers are mixed with more polluted wastewater, which leads to a reduction in the signal strength.

The aim of this work is to separate and categorise pollution flush signals from rainfall events in combined sewer systems in order to better understand the relationship between these signals and rainfall event characteristics.

Study site Graz

The study area for this research is located in Graz, Austria. The sensor site is located in a combined sewer overflow in the western part of the city with a catchment area of 460 ha, consisting mainly of residential areas and with about 19500 inhabitants. The site was monitored almost continuously between 2002 and 2022, with flow measured by a radar system and pollutant concentration measured by UV-VIS spectrometry using an inline floating pontoon. The concentration measurement data were calibrated through several measurement campaigns in dry and wet weather conditions. [START_REF] Gamerith | High resolution online data in sewer water quality modelling[END_REF] 

METHODOLOGY

The methodology consists of two parts. The first part is the analysis of the continuous hydraulic and pollution data to determine the representative dry weather contribution. The second part is the analysis of the wet weather events based on a cluster analysis of the MV curves and the aggregated event parameters to classify the events.

Dry weather contribution

The first step in estimating the dry weather (DW) contribution is to estimate the mean daily DW runoff (DWmean) by the median of each time step of the day for different categories of daily patterns. These daily patterns differ in the amount of runoff and the increase in the morning peak. The differentiation between DW and wetweather (WW) periods is based on the differences between the runoff volume and the DW mean. In this way, precipitation measurements are not required, but they may be used to validate the results. Based on the moving average of the difference between the DW mean and the series of measurements during the DW periods, a DW level was set to create a continuous DW series. By subtracting the DW contribution from the combined wastewater volume and the mass flux, the stormwater contribution and thus the flushes can be estimated. [START_REF] Métadier | Assessing dry weather flow contribution in TSS and COD storm events loads in combined sewer systems[END_REF] 

Event clustering

The next step is to identify the storm events from the measurement series. The previous distinction between DW and WW periods is used to achieve this. During DW, irregularities can occur, which are falsely recognised as rain events. Therefore, the detected events have to be filtered afterwards. In addition, rain events lasting several days are excluded from the analysis, as a flush can only be expected at the beginning of these events due to the large runoff volume. This can be applied at catchment level with mainly short events of less than one day duration without significantly limiting the data availability.For the clustering of the temporal pollutant load distribution of events of different duration, the events are normalised by the mass-volume (MV) curves. To obtain the best possible clustering result, the dimension of the MV curves is reduced by a principal component analysis [START_REF] Jensen | Classifying pollutant flush signals in stormwater using functional data analysis on TSS MV curves[END_REF]. For clustering, different methods, such as partitioning or hierarchical methods, are applied and compared.

RESULTS

The measurement data for flow and COD concentration for the years 2010 and 2011 were evaluated. The COD concentration data of the UV/Vis spectrometer was calibrated to the local conditions. A distinction was made in the data between working days (without official holidays) and non-working days (weekend + holidays). The DW flow on working days is on average 35 L/s and varies between 3 L/s for the night-time minimum and 65 L/s during the morning peak (Fig. 1-left). The methodology uncertainty of the DW contribution is estimated by the difference between the continuous DW series and the measured data under DW conditions. Figure 1 (right) shows the confidence interval for the working days. At a confidence interval of 95.4 %, the method uncertainty for working days is about 9 L/s. In total, 181 events could be identified which did not match the DW pattern. Only one event was longer than one day and was not considered for the analysis. Out of the 181 events, 52 events were identified as anomalies during DW conditions and were not considered for the analysis, resulting in 128 WW events. Figure 2 shows an example WW event where the separated WW portion of the event load has a significantly stronger flushing effect than the combined water. Figure 3 illustrates the difference in the MV curves when only the WW contribution is used instead of the measured combined sewage. The curves diverge further from the diagonal, indicating a higher flush effect at the beginning or end of the event.

Fig. 3) MV curves for all events in 2010 and 2011. Left) using flow rate and mass-flux of the measured values from the combined sewer.

Right) using only the WW-contribution of flow rate and mass-flux.

CONCLUSION AND OUTLOOK

The separation of wet and dry weather works well with the presented methodology and does not require additional information from precipitation gauges. Furthermore, wet weather runoff can be detected automatically.

Especially for small and medium events, the MV curves become much more pronounced. The visibility of runoff effects compared to MV curves of combined sewage is significantly increased.

The next step is the evaluation of the cluster analysis and the extension of the data to the entire measurement period.

Fig. 1 )

 1 Fig. 1) left) Daily flow rate of working days. Black lines resemble all recorded working days. Blue line marks the DWmedian flow rate of a working day. The blue area around the blue line marks the area where a measurement is still categorized as a DW-condition. right) Method uncertainty for workdays with three confidence intervals. Black lines represent the difference of the predicted continuous DW-series to the measured series for all recorded working days during DW-conditions.
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 2 Fig. 2) Exemplary rain event on 2010-05-15. Left) Blue line: Flow rate (measured) of the event. Orange line: Estimated DW-contribution during the event. Light red area: Uncertainty band of the DW-flow with a confidence interval of 95.4%. Right) MV-curve for the validated COD load of the event. Continuous line: using the combined sewer, hashed line: using only the WW-contribution.