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Evolutionary Algorithms (EAs) have been shown to apply well to optimizing 

the design and operations of water distribution systems (WDS). Recent research in 

the field has focussed on improving existing EAs and developing new ones so as to 

obtain better solutions (closer to the global optimum) and/or find solutions more 

efficiently. 

The primary aim of this research, however, has been to broaden the scope of 

optimization to include a number of the many factors that planning engineers need to 

consider when designing or planning the operations of WDS. Those factors 

considered here are (1) water quality criteria, (2) real-world, complex systems, and 

(3) the incorporation of data uncertainty. 
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Incorporating each of these factors independently increases computational 

run-time of EA-based optimization of an algorithm that is already computationally 

intensive compared to other (inferior) algorithms that have been used in WDS 

optimization. Water quality models tend to run slower than hydraulic models due to 

the shorter timestep that is required to ensure sufficient accuracy, and the need for 

extended period simulations thereby increasing the simulation duration. Real-world 

models run slower due to their size. Data uncertainty is typically accounted for 

through the use of Monte Carlo simulations, that add several orders of magnitude to 

the computational requirements of optimization. 

Considering each of these factors together compounds the computational 

requirements to a point where it is impossible to optimize WDS using EAs in a 

reasonable amount of time. In this research metamodels have been used in place of 

simulation models within an EA to reduce this computational burden. A metamodel is 

a model of a model that runs much faster than the said model, but is still a high-

fidelity approximation of it. The particular type of metamodel used in this research is 

an Artificial Neural Network (ANN) due to its theoretical capabilities and 

demonstrated effectiveness in water resources applications. 

The use of metamodels to act as surrogates for complex simulation models is 

not a trivial task. Therefore, guidelines have been developed on how best to 

incorporate them into the WDS optimization process. 

The overall metamodel-empowered, EA-based optimization algorithm 

developed in this research was applied to several case studies. Two small case 

studies, both variations of the New York Tunnels problem were studied for proof-of-

concept purposes. They demonstrated that near globally-optimal solutions could still 
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be found using the metamodel-based approach, i.e. there was minimal compromise in 

the effectiveness of the EA-based approach. Two larger, real-world problems were 

also studied: Wallan (operations planning) and Pacific City (system augmentation). 

These last two case studies were key to demonstrating the power of using 

metamodels in that they enabled a computational speed-up of up to 1375 times 

(137,500%) compared to a non-metamodel approach. This speed-up includes 

factoring in the computational overheads of using metamodels, i.e. time to generate 

calibration data and calibrate the metamodels. 
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