


An Optimization Model for a Water 
Distribution Network Design

Ayanniyi Mufutau Ayanshola 
Bolaji Fatai Sule 

ELIVA PRESS 



Ayanniyi Mufutau Ayanshola 
Bolaji Fatai Sule 

A Water distribution system connects consumers to sources of water, using 

hydraulic components, such as pipes, valves, and reservoirs. The engineer 

faced with the design of such a system, or of additions to an existing 

system, has to select the sizes of its components. Also he has to consider 

the way in which the operational components, pumps and valves, will be 

used to supply the required demands with adequate pressures. The network 

has to perform adequately under varying demand loads, hydraulic and 

operational conditions. Operational decisions for these loads are essentially 

part of the design process, since one cannot separate the so-called design 

decisions, i.e. the sizing of components, from the operational decisions; they 

are two inseparable parts of one problem. This work has therefore presented 

a method for optimizing the design of a water distribution network system 

using pipe diameter as decision variable under the required demand loading 

and hydraulic conditions. It has been established that increasing the 

minimum pressure will lead to the reduction in the required pipe diameter 

which will in turn reduce the cost of installation. The modelling approach 

developed can be used by engineers and planners to obtain economical pipe 

sizes for a network designed to serve newly planned layouts. 
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An Optimization model for a Water Distribution System Network Design

1.0 Introduction





1.2 Statement of Problem





1.3 Objectives of the study



2.0 Literature Review

2.1 Review of Early Works













2.2 Pipe Network Analysis Theory

2.2.1 Definition of Pipe Network



2.2.2 Governing Principles
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2.2.3 Friction Losses in Pipes

2.2.3.1Hazen Williams Equation
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2.2.3.2Manning’s Equation

L
R

nVh
H

f



2.2.3.3Darcy Weisbach Equation
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2.2.4 Head Balance Method (‘Loop’ Method)
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2.2.5 EPANET 2.0 Software



3.0 Study Methodology

3.1 Data Collection

3.1.1 Pipe Network Analysis



3.1.2 Hydraulic Simulation

3.1.3 Water Demand







3.1.4 Hydraulic Simulation







4.0 Optimization Modelling

4.1 Formulation of the model
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4.1.1 Objective Function

X

x

m
xxxT DLBMinC

j

N

jx
x qQ

xQ x

jq

cx

r
x

P
xx DQAL

A

P r

j
r

x
Pjx

p
xx HDQAL



jH j

DDx

4.2 Cost Function
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4.3 Model Solution



5.0 Results and Discussion

5.1 Objective Values



5.2 Pipe Diameters









5.3 Pipe Flows









5.4 Pressure Distribution











6.0 Conclusion
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