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ABSTRACT

Water distribution system is a source of hydraulic engineering that conveys water from the
source to consumers. Analyzing and designing the optimal dimensions of the pipes and
pumps, which distribute water, are essential in order to make the system more efficient and
less costly. Therefore, the objective of the research is to design a network to find cost-effective
branched water distribution network while satisfying the water demand and pressure at each
node.

This study presents two approaches for designing a branched water distribution system that
minimizes costs. Three cost functions are considered: cost of constructing the pipe, pumping
station cost and the cost of the energy necessary for the pumps. Linear Programming(LP) is
an optimization tool used to determine the optimum cost for hydraulic systems.

First model was solved by using LP technique while satisfying all the constraints applied to a
rural water supply network located at Lunugamvehera, Sri Lanka. The pipe diameter was
regarded as the decision variable, whereas the pipe energy, total length, non-negativity of
length, and pumping head were the constraint requirements. Each pipe network's required
demand is calculated and anticipated for future population growth. After the model has been
developed, the results are compared to the current engineering design. In the obtained optimal
solution pipe P-4(300mm and 400mm) and pipe P-5(300mm and 400mm) consists of two
segments of differing diameters. As per current specifications, each link's whole length is
utilized for a single pipe diameter. Splitting the pipe into two sections has not been considered.
According to the analysis, the optimal cost resulted in is Rs. 1 778 443 113.36.

The second model was developed for the water distribution network optimization using
Integer Linear Programming (ILP). According to the analysis, 1 935 627 000.00 rupees was
the best solution obtained using the ILP method. However, the estimated total cost of the
network in accordance with the engineering design is Rs. 2 065 278 912.18.

This study reveals that each link can consist of any number of discrete pipe diameters to
optimize water distribution system using LP technique, and pipe diameters and pump
characteristics can only be determined using the zero-unity variable by the ILP technique.
Therefore, these two models are economically more viable than the existing method used by
engineering design. The results indicate that the proposed two models are guaranteed to be
the optimal and gives the practical solutions for the integrated water network design.

Key words: Water distribution system, optimal design, optimum solution, engineering design
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