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Abstract 

A water distribution network is a collection of hydraulic elements - 
pipes, reservoirs, tanks, pumps, and valves - that are combined into a 

,system for conveying defined amounts of water, within specific 

pressure limits, from the water sources to the consumers. 

Due to the high cost of the hydraulic elements, their installation and 

operation, distribution network designers are required to design a system 

that will supply the consumers needs, on one hand, and will have the 

lowest cost, on the other. 

Three stages can be distinguished in the overall design process: 

1 .  Planning - in this stage the consumers and their needs are 

identified, the water sources are defined and the water 

distribution networks layout and proposed elements are 

determined. 

2. Design - in this stage, the hydraulic elements' sizes are 

determined: pipe diameters, pump sizes etc. The operation plan 

of the control elements (pumps, valves) is set under a number of 

loading patterns, for example peak hour demand, average hour 

demand and fire fighting demands. 

3. Operation - in this stage, when the water distribution network 

already exists, the operation plan of each controlled element is 

determined for each period of the design time horizon. 

These three stages are mutually dependent, and should in principle be 

dealt with and solved as a single decision problem. The network layout is 

determined according to the consumers and water sources locations, the 

topography and some other considerations. The layout influences the 

diameters of the pipes, the sizes of the pumps and the storage levels 



needed. The operation of the network is influenced by the layout and the 

design since, for example, it is preferable to operate the pumps at times of 

low electricity tariff rates and the appropriate storage is determined 

accqrdingly. 

In fact, the entire problem is too complex to solve, and it is therefore dealt 

with in an iterative fashion: each stage provides the one below with 

"directives" (fixed data) and receives from it information on the 

consequences of these "directives", which indicates whether the system is 

feasible and what its cost is. This information is then used to revise at the 

stage above, with the intention of improving at the next iteration. 

Optimal design of water distribution systems has challenged engineers for 

over 30 years. Most of the published papers deal with the second stage of 

the problem, the design stage. The third (operation) stage is carried out 

for existing systems, where the pipes, pumps and storage were already 

designed. The operational considerations in the design stage are included 

through the loading patterns. Because the loading patterns are not linked 

over time, with this approach it is impossible to size the storage at the 

same time as sizing the pipes and pumps. The storage in this case is 

determined separately according to some "rule of thumb", or by 

following the imposed regulations. Since there is no direct connection 

between the storage design and the rest of the system design, frequently 

an operational problem occurs. 

Another factor that affects the operation, and therefore also it's design, 

are the electricity tariffs. These tariffs change over the day and the 

seasons (in Israel only for large energy consumers, including water 

supply systems). The principle is that when the demand for electricity is 
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low (for example night hours), so are the tariffs, and vice versa. When the 

electricity tariffs are to be considered, the problem becomes more 

difficult. An optimal compromise must be found between large pumps, 

large storage with short pumping hour, and small pumps, small tanks but 

long pumping hours. This compromise affects also on the pipe sizes. 

For the solution that combines the design with the operation there is a 

need for a hydraulic simulation along the design period (peak day, 

average week etc.). As opposed to loading patterns, with the hydraulic 

simulation the hydraulic solutions at sequential time steps are linked 

through the storage, which then becomes one of the decision variables. 

This work focuses on the combined problem, the design with the 

operation: Given the network layout and the demand pattern, 

minimize the system cost and find the pipe diameters, storage 

volume, maximal power of the pumps and their operation in each 

time period over the planning horizon (usually 24 hours) subject to 

1 the demands and the pressure constrains. 

A Genetic Algorithm (GA) is used to obtain the optimal design of a water 

distribution system, considering its operation over the day, and thus 

including in the optimization the sizing of its storage. Each candidate 

solution (a member of the examined GA population) is defined by the 

sizes of all deign variables (pipe diameters and pump sizes) and the 

operating schedule of the pumps over the day. The candidate solution is 

submitted to simulation with EPANET and the size of the operational 

water tank is determined by a cumulative calculation of the water balance 

at the node to which the reservoir is connected. The merit function for the 

candidate solution includes the cost of the system and its operation, and 

111 



penalties for infeasible solutions. The method has been implemented on a 

PC and tested successfUlly on a number of moderate size sample 

networks. 


