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ABSTRACT

The analysis of the sediment accumulation, erosion and transport processes in combined sewers is a key issue
within urban drainage systems. Sewer sediments represent the main source of pollution in sewer systems to the
receiving environment. To better understand these processes, an experimental campaign was design and carried
out in a Flume Test Facility, in which wastewater flow conditions could be provided. New techniques and
methodologies were developed in this facility to increase the accuracy in the measurement of the accumulation
and transport of in-sewer sediments, such as the Structure from Motion (SfM), as well as to analyse their
physicochemical properties. Furthermore, experiments were also performed on small-scale models to characterise
the concentration and size of suspended particles by using acoustic sensors. As a result, a large dataset was
obtained to develop advanced strategies for the design, operation and maintenance of combined sewer systems.
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1 INTRODUCTION

The accumulation, erosion and transport of sediments in combined sewer systems are important sources of
pollution in urban areas. Secondary sewer networks (pipe diameter < 400 mm) significantly contribute to the
production of these depositions mainly due to insufficient flow velocities during long-term dry weather periods.
The accumulation of bed deposits reduces the pipe cross-section and increases the bed roughness.
Consequently, the discharge capacity decreases, leading to progressive or sudden blockages. The persistence
of sediment accumulation contributes to the generation of gasses and odours, such as methane and hydrogen
sulphide, and increases the frequency of flooding and combined sewer overflow (CSO) episodes (Ashley et al.,
2004). The release and mobilization of these depositions during rainfall episodes can overload sewer systems,
thus influencing receiving aquatic environments (Regueiro-Picallo, 2020).

2 MATERIAL AND METHODS

Several experimental campaigns were conducted to understand the accumulation, erosion and transport of
sediments in combined sewer pipes. For this purpose, a Flume Test Facility was set up in the Bens wastewater
treatment plant (WWTP) of A Corufia (Spain). This facility allows different sewer pipe geometries to be tested
under close-to-real conditions by supplying wastewater from the WWTP (600,000 inhabitants). Moreover, the
facility controls, measures and characterizes wastewater and sediment discharges (Regueiro-Picallo et al.,
2020). As for experiments, new methodologies were implemented to characterize sediments deposited in pipes.
For instance, Structure from Motion (SfM), a photogrammetric correlation technique, was applied to determine
the sediment bed morphology in accumulation and transport episodes. In addition, the sediment biodegradability
and its influence on sediment transport was analysed by adapting analytical techniques to determine the
chemical oxygen demand (COD) or the oxygen uptake rate (OUR). Furthermore, the facilities of Eawag
(Dubendorf, Switzerland), were available to apply ultrasonic acoustic techniques to determine the concentration
and size distribution of suspended patrticles through the acoustic turbidity measurements.

3 RESULTS AND DISCUSSION

The following results were obtained from the experiments performed in the above mentioned facilities. In the
Flume Test Facility, tests were focused on accumulation, erosion and transport of sediments in different
drainage pipes under different flow and slope conditions. In the development of these experimental campaigns,
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the SfM photogrammetric technique has been applied to measure the structure of bed sediments deposited
during the accumulation periods or after the erosion and transport tests. This technique provided a 3D
reconstruction of the bottom of the pipe, which increased the accuracy to obtain the volume of sewer sediments
and the analysis of bed forms regarding one-single point or transversal profiling measurements (Figure 1a). In
addition, methodologies have been developed for sampling and analysis of the physicochemical properties of
the sewer sediments (Regueiro-Picallo et al., 2018). This analysis showed differences in the results depending
on the time of sampling. The organic fraction values decreased as the accumulation time increased (Figure 1b).
This allowed establishing a correlation between the degradation in the organic fraction of the sediments, their
cohesion and the capacity to be eroded when an increase in the flow rate conditions was induced (Regueiro-
Picallo et al., 2020).
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Figure 1. Picture of the deposited sediment in the pipe and mesh resulting from the SfM reconstruction (a), and
time-evolution of the sediment physicochemical properties for different accumulation test periods (b). Figures
taken from Regueiro-Picallo et al. (2018 and 2020).

On the other hand, several tests have been carried out in small-scale models with multi-frequency acoustic
sensors to characterize the suspended solids. These tests have been carried out with different types of materials
(plastic spheres and sand), and different suspend solid concentrations and particle sizes. Preliminary results
were obtained that showed the dependence between the signal received by the sensors and the established
conditions (Regueiro-Picallo, 2020). Thus, as the concentration or size increased, the signal recorded by the
acoustic sensor was greater. These results can be used to calibrate acoustic turbidity models that predict
sediment characteristics (size, density and concentration).

4  CONCLUSIONS

The use of experimental facilities allowed the application of novel techniques and the development of
methodologies to improve the accuracy of the volume of deposited sediments measurements and the
characterization of their physicochemical properties, respectively. In addition, multi-frequency acoustic sensors
were sensitive to different suspended solid concentrations and particle grain sizes but further studies will be
required in order to characterise wastewater suspended particles.
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