Dynamic integrated water quality modelling:
A case study of the Lambro River, northern Italy
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Abstract
In this paper an integrated modelling approach is presented and applied to a 26km stretch of the Lambro River downstream of
the Merone Wastewater Treatment Plant in northern Italy. The sub-models used (ASM1 for the treatment plant and RWQM1
for the river) have been implemented in the WEST® simulator. Hydraulics and quality processes of the Lambro River have
been modelled with a ‘tanks in series’ approach. The purpose of this study is to model the effect on river water quality of an
insufficient treatment capacity of the WWTP. The plant was constantly operating at its maximum hydraulic capacity, leading
to a daily bypass of dry weather wastewater, which imposed a marked diurnal cycle on pollutant concentrations in the river.
The assessment of the actual WWTP upgrade has confirmed its beneficial effect on the river water quality.
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Introduction
Integration of the different components of an urban drainage
system in a single model allows better understanding of the
operation of the system as a whole, and of the mutual interaction
between its components. This is clearly essential for evaluation
of the system performance, as well as for detection of its weak
points, in the context of environmentally and economically
sound planning and management practices (Rauch et al., 1998).
It is also a necessary step for the implementation of real-time
control strategies for the urban drainage system (Meirlaen et al.,
2001; Vanrolleghem et al., 2005a).
Schütze et al. (1999) used different existing software packages together in the SYNOPSIS tool (software package for
SYNchronous OPtimisation and SImulation of the urban wastewater system). The sewer and treatment plant simulation was
run in parallel – as a single model in contrast to simulation in
series, with sewer simulation followed by wastewater treatment
plant (WWTP) simulation – generating influent files for the river
model. However, by implementing the system in this way, it was
not possible to use the water quality of the river in a control loop
for the sewer system or treatment plant. Rauch and Harremoës
(1999) used genetic algorithms to optimise the oxygen concentration in the river through operation of the WWTP, but did not
use a parallel model in which the current river states can be used
to trigger a valve or pump in the drainage system, in order to
store wastewater or stormwater until the river conditions were
acceptable for discharge. Taylor et al. (2000) describe the Integrated Catchment Simulator, connecting different existing
software packages. Automatic connections and data exchange
between different software packages represent a big step forward; however, the models that have been used are hydraulically
very detailed, resulting in long calculation times and large output files. Recent examples of integrated parallel modelling on
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a single software platform can be found in Erbe and Schütze
(2005) and Solvi et al. (2006).
One of the main problems when developing an integrated
model is the incompatibility between state variables, processes
and parameters used in the different sub-models, for example
with the treatment plant model – where variables are typically
based on chemical oxygen demand (COD) like in the Activated
Sludge Model No. 1 (ASM1), a dynamic model describing carbon and nitrogen removal by active biomass (Henze et al., 2000)
– and the river water quality model, traditionally based on biological oxygen demand (BOD) like in QUAL2E (Brown and
Barnwell, 1987). Maryns and Bauwens (1997) tried to avoid the
problem by using the ASM1 model to model river conditions but
without satisfactory results. To tackle this problem more fundamentally, the International Water Association (IWA) Task Group
on River Water Quality has developed a COD-based model, the
River Water Quality Model No.1 (RWQM1) (Reichert et al.,
2001), which has already been used to model river water quality in South Africa (Deksissa et al., 2003). The state variables
of RWQM1 model are more like those of the ASM1 model, but
some differences still remain because the full RWQM1 model
can describe more components than the ASM1 model (e.g. algae
growth).
As environmental conditions in sub-systems are different,
the main processes will also differ because organisms behave
differently depending on the environment. For instance, nitrifying bacteria in an activated sludge (AS) system are confronted
with high competition for oxygen with heterotrophic organisms,
while in the river system this competition is reduced. Therefore, when using two models with different state variables, an
interface needs to be developed in order to translate the state
variables of the original model to those of the destination model
in a consistent way. This interface needs to contain all available knowledge about the different states in the two models and
different environmental conditions in the two sub-systems, and
requires closed elemental balances, in this case for COD, C, N,
P, O and H.
In this paper an integrated modelling approach is presented
and applied to a 26km stretch of the Lambro River downstream
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