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Abstract
This study is aimed at developing a pipe-sizing model for a water distribution system. The optimal solution minimises the
system’s total cost, which comprises the hydraulic network capital cost, plus the capitalised cost of pumping energy. The
developed model, called Lenhsnet, may also be used for economical design when expanding existing hydraulic networks.
The methodology developed includes an iterative dynamic calculation process as well as a hydraulic simulation model.
The performance of the method is tested against 4 benchmark examples in the literature. The results obtained show the
feasibility of this model, presenting it as a viable alternative for water distribution systems. The method is easily used,
once it is performed under EPANET2 software interface.
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Hazen-Williams coefficient
cost per unit length of the ist pipeline with diameter Di
hydraulic network cost
total distribution system cost
initial cost, related to initial diameter
cost of the diameter which is immediately larger 		
than the diameter related to C1
internal diameter of the pipe
annual rate of increase in the unit cost of energy
unit cost of electrical energy
energy cost gradient
pumping head
head loss
annual interest or discount rate
pipeline length
number of pipeline
number of annual pumping hours
cost gradient value
optimum value of the cost gradient
present worth factor
pipe flow rate
potential section
expected period of service for the network
co-efficient of Hazen-Williams equation
pressure gain in the most unfavourable node
pump-motor unit efficiency

Introduction
Water distribution systems (WDS) design optimisation have
been receiving special attention from engineers and researchers of water resources and other related areas, due to the high
implementation and operational costs of such systems.

* To whom all correspondence should be addressed.
 +55-83-3216.7037; fax: +55-83-8869.2300;
e-mail: heberp@uol.com.br
Received 15 October 2008; accepted in revised form 3 April 2009.

Available on website http://www.wrc.org.za
ISSN 0378-4738 = Water SA Vol. 35 No. 4 July 2009
ISSN 1816-7950 = Water SA (on-line)

Generally, the variables that determine WDS conception and
expansion project optimisation are the hydraulic network pipeline diameters and pumping head.
WDS dimensioning is mathematically undetermined,
thus allowing for innumerable solutions. Throughout history,
several dimensioning methods have been proposed. The first of
them, namely classical ones, were restricted to choosing network diameters that provided the hydraulic balance of system.
However, the scientific community has been looking to minimise WDS cost for decades.
In the late 1960s, the consolidation of micro-computing in
global research centres enabled the development of techniques
focusing on water network dimensioning, therefore the first
optimisation systems appeared based on mathematical linear
programming models (LP) (Karmeli et al., 1968), as well as
nonlinear programming (NLP) (Jacoby, 1968) and dynamic
programming (DP) (Liang, 1971).
More recently, models based on genetic algorithms (GA)
(Dandy et al., 1996), which are known as evolutionary algorithms (EA), have come into use. Some researchers have been
using methods based on the organisation and/or evolution of
other living species. Eusuff and Lansey (2003) proposed shuffled frog leaping algorithms (SFLA), a meta-heuristic algorithm
based on the transformation of frogs and information exchange
among the population. Maier et al. (2003) and Zecchin et al.
(2006) used a new technique called ant colony optimisation
(ACO) to WDS optimisation, based on the analogy of the
foraging behaviour of a colony of searching ants, and their
ability to determine the shortest route between their nest and a
food source. Suribabu and Neelakantan (2006) and Montalvo
et al. (2008) applied the particle swarm optimisation (PSO)
algorithm. PSO is an EA which utilises swarm intelligence to
achieve the goal of optimising a specified objective function.
This algorithm uses the cognition of individuals and social
behaviour in the optimisation process.
Numerous algorithms have been tested on distribution systems by researchers to obtain the most reliable solutions, using
the shortest possible computational time (Biscos et al., 2003).
EA methods have presented good results, but they require much
more computer time. Cui and Kuczera (2003) highlight the
problem of long computation times of some models and
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