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ABSTRACT 


A standard and/or improved GA, using a fixed-length genotype and crossover operation, 

have been widely used in science and engineering disciplines. It is well-known that the GA 

is robust in searching for the optimal combination of diameter and rehabilitation actions of 

water distribution systems but requires a large number of evaluations. A characteristic, 

which has been observed from the studies, is that the optimal solution of the design and 

rehabilitation of water distribution systems is located at the boundary of the feasible and 

infeasible regions of the search space. Previous research has not considered the sizing of 

pipe wall thicknesses and water hammer protection measures, which are always required in 

reality. In this research, first of all, the original messy genetic algorithm is applied to the 

optimisation of design and rehabilitation of water distribution systems. It has been found 

that the messy GA is more efficient and effective than the standard and imprOVed GAs at 

solving the optimisation of water distribution systems, but it requires a huge initial 

population size. This has been overcome by introducing the fast messy GA. Secondly, a 

scheme of co-evolutionary and self-adaptive penalty has been proposed for the GA solving 

a constrained boundary optimisation problem. It is purposely designed to guide the GA to 

search the boundary of the feasible and infeasible regions of the search space. It has been 

shown that this approach is very effective and efficient for the optimisation of water 

distribution systems. Finally, the hydraulic netwQrk solver .(EP ANET) for steady state 

simulation has been incorporated into a transient model for simulation of water hammer in 

water distribution systems. A methodology for comprehensive optimisation of pipe 

diametei'Si; pipe classes and surge tanks of the water distribution systems has been 

developed by carefully integrating the steady state hydraulic solver, the water hammer 

simulation model, the fast messy GA and the boundary search strategy. 
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