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MATHEMATICAL MODELLING AND OPTIMISATION OF INTEGRATED WATER SYSTEMS: A 
PROBABILISTIC APPROACH

 
The Urban Integrated Water System (UIWS) usually consists of a net of sewers, 
wastewater treatment plants and receiving waters. This seminar presents a set of 
models and optimisation tools for the description and optimisation of the UIWS by 
using a probabilistic approach. The soundness of the methods is shown by two 
illustrative examples: a) Optimum design of a wastewater treatment plant under 
uncertainty, and b) Bayesian calibration of a river water quality model. 

The wastewater industry normally relies on empirical, rule-based methods for the 
design of wastewater treatment plants in which safety factors are applied to minimize 
the risk of non-compliance. This research work proposes the use of mathematical 
models to describe the physical, chemical and biological processes involved, and to 
provide an optimum design to a pre-specified probability of non-compliance. It was 
identified that parameters related to the biochemical model and the secondary clarifier 
settling are very important in determining the uncertainty in performance. 

The River Water Quality Model no. 1 (RWQM1) is a complex mechanistic model that 
describes the biochemical and physical processes occurring in rivers. This research work 
describes the nitrification process in the Tajo River (Spain) by using a reduced version of 
the RWQM1. The uncertainties (measurement errors, numerical inaccuracy, model 
structure deficiencies, etc.) are analysed by introducing a Bayesian-based calibration 
approach that uses a Markov Chain Monte Carlo approach to approximate the posterior 
distribution of the model parameters. The uncertainty propagation shows that the 
model is able to properly describe the oxygen and nitrogen in-river profiles with very 
narrow confidence bands. 

June 13, 2012

	  	   	   Mazarredo	  14
	   	   48009	  Bilbao,	  Basque	  Country,	  Spain         www.bcamath.org

12:45 h

http://www.bcamath.org
http://www.bcamath.org

