P -

il
UNIVERSITEIT
GENT

Integrated urban catchment modelling
for a sewer-treatment
plant-river system in Luxembourg

€ P
CENTRE DE RESSOURCES DES TECHI

NOLOGIES POUR
L'ENYIRONMNE

MENT

A.-M. Solvi1.2, L. Benedetti?, S. Gille3, P. Schosseler2, André Weidenhaupt2 , P. A. Vanrolleghem?

1Ghent University - BIOMATH, Department of Applied Mathematics, Biometrics and Process Control, Coupure Links 653, B-9000 Ghent, BELGIUM
2CRP Henri Tudor - Ressource Centre for Environmental Technologies, rue de Luxembourg 66, L-4002 Esch/Alzette, LUXEMBOURG
3CRP Henri Tudor -Laboratory for Industrial Technologies, rue de Luxembourg 70, L-4002 Esch/Alzette, LUXEMBOURG

The integrated urban wastewater system
(IUWS)

o

Wastewater

The EU Water Framework Directive WFD (2000) -

The main objective of the WFD is to achieve a ‘good’ chemical and ecological status of water quality for both
surface and ground waters within given time periods. This demands a holistic approach and leads towards an
integrated management of the urban water system.

Aim: Optimisation of the operation of sewer and WWTP

In the sewer system all storage may not be used and the treatment capacity of a WWTP may not be fully
exploited; and individual optimisation of the sewer or the WWTP does not guarantee for best river water quality.
Sometimes it can therefore be useful to overioad the treatment plant or even, rather than overloading the WWTP
immediately during a rain event, let the river assimilate some untreated water upstream until a certain setpoint of
ammonia is reached. All these are operation strategies that can be tested in view of optimising the river water
quality in a cost-effective way.

This requires the construction of a model of the integrated system. From there, scenarios (virtual experiments) can
be run and tested in order to identify the best control strategiels) fulfilling the objectives. However the modelling
the IUWC is confronted to difficulties not slone due to its complexity in itself. These include linkage difficulties at
the subsystern boundaries, and data transfer problems during simulations due to distinct softwares for the
submodels.

Modelling the IUWS: Problems - Solutions

Simplification through
model reduction

Complex partial differential equations for
the hydraulics in the sewer system and the
river, a5 well as the complexity of the whole

Compatibility between the submodels:
Different processes of interest and importance
bring about different variables and parameters
in the submodels

Harmonisation

system give long calculation times
One software: WEST®

Different softwares for
sewer, WWTP, river

Applicability: How to approach an integrated
study? What models to choose? What level of
complexity?

Field study in

Having only one software avoids data transfer problems during integrated simulations. WEST® (Hemmis N.V.,
Kortrijk, Belgium) is an open platform, which allows the user to add models to the existing model base. For surface
runoff and sewer transport, the KOSIM (ITWH GmbH, Hannover, Germany) hydrological model was implemented into
the WEST® modelbase. This was done by transforming time discrete recursive expressions into ordinary

differential equations, that can be treated by the solvers inside WEST®.
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Figure 2: Simulation comparisons for flow and poffution [chemical axygen
demand] in KOSIM and KOSIM-WEST for a hypothetical catchmant.
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- The elements of KOSIM-WEST are the
- catchment, collectors (pipes) and structures like
0 retention basins. The catchment model takes into e
g account evaporation, wetting losses, depression
. losses and infiltration for pervious surfaces. . e ;
Em Figure 1 gives a quantitative idea of these ‘ & . =
i - processes for a pervious surface. The collectors
™ are modelled as a cascade of linear reservoirs. B0 km (+12 km af paraiel main collector in construction + replacement of C50s by
™ Figure 2 shows the results of a comparison of Sewer Network retention basins]
s simulations in both softwares.
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oo ]’ Y /\/\_]\I_/ N s B System Analysis : Collection and analysis of data for the 3 subsystems and identification of
o e ~— . N problems related to chemical concentrations in the receiving waters.
o e T ’ Construction of the Model : Due to data scarcity from the sewer network especially for
L s N\ pollutants and backwater effects, a hydraulic model in Infoworks™ CS (Wallingford Software, UK) will

be used to calibrate the hydrological model in WEST®.
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