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1. Introduction

In the past years, water shortage problems have become one of the challenging issues for water specialists.
Considering that a lot of money and energy is spent to produce potable water, providing practical and
economical solutions to reduce leakage is always considered. Many solutions are proposed to reduce leakage
and control network pressure such as active and passive control methods, water distribution network
reconstruction, replacement of worn pipes, and pressure management. One of the practical and economical
solutions to reduce leakage in the network is pressure management by different methods such as optimizing
the location and setting of valves, the number and setting of pumps, level of tanks. According to the recent
researches, providing new methods that can be used to reduce leakage from the network in a practical way and
at the lowest cost is the basic and constant challenge of water supply networks. The current research examines
the effect of demand and pressure driven analysis methods in pressure management of water distribution
networks with the optimal setting of PRVs by evaluating the hydraulic performance of the network. For this
purpose, the Kalibar water distribution network has been considered as a real case study. The methodology
has been coded in MATLAB R2017b by linking EPANET2.2 simulator.

2. Methodology
2.1. Hydraulic analysis

Generally, two methods such as demand-driven analysis and pressure-driven analysis can be used for
modeling of water distribution network. In the first method, the amount of nodal demand in the water
distribution system is considered constant, but in the second one, it is altered by the nodal pressure. Equation
(1) shows the relationship between flow rate and nodal pressure.
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where d: is the available demand at a given node, BD: is the fixed demand that is previously estimated, Pmin:
is the threshold pressure below which no flow can be discharged, Preq: is the required pressure to satisfy the
fixed demand and p: is the available pressure at a given node.

2.2. Leakage index

In this research, the leakage of the WDN is calculated based on the following two relationships:
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where, gj is the leakage flow at node j, Pj is the service pressure at node j, kf is the fixed leakage coefficient for
the node j, L’fj is the length of the pipe k between nodes i and j, ¢ is the discharge coefficient of the orifice which
depends on the shape and the diameter, M is the number of pipes connected to the node j and g is the nodal
pressure exponent which is assumed 1.18.

2.3. NPRI index

The performance of water distribution network is calculated as equation (4 and 5). In this equation, NPRI
(i, j) is the reliability index value of nodal pressure on node j at time i, and p is the nodal pressure on node j at
time i. Also, NPRI is the network pressure reliability index at time t, NN is the total number of nodes, @ is the

required demand at node j at time t.
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2.4, DSR index

To evaluate the performance of water distribution network to supply the required demand. Demand supply
reliability (DSR) index is defined as equation (6). In this equation, DSR: represents the demand supply

reliability value, Q"¢ is the available demand at node j and Q;eq: is the required demand in the node j.

NN nave

DSR = Fl—Jr 6
S QT ©)



Farnaz Nozad Alamdariet al. / J. Civ. Env. Eng. 55 (2025)

2.5. VSl index

The equation of VSI index that is proposed to find the location of the valves in the network is given by
Equation 8. In which, Qf: is the flow of pipe | at time t, APfj: is the difference between pressure head in node i
and j at time t, CHW;: is the roughness coefficient of pipe | at time tand T: is the modeling duration time.

vsi=(5) 2.

2.6. Optimization

Qf * AP

7
CHW} )

The ACO algorithm was initially introduced by Marco Dorigo in 1996. This optimization algorithm shows
an interesting behavior of ants. The most important relationship in the ACO algorithm is in the form of Equation
6. This relationship shows the probability of choosing each path (Dorigo et al, 1996):

[T;;(O1*[U;; ®1°
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where, P;;(k, t) show the probability of choosing option j when ant k is in period t and decision point i, T;; (t) is
the pheromone concentration of path ij in the period t, U;;(t) guide the exploration of path ij. « and f are the
weight coefficients of the exploration guiding pheromone and j is the number of paths can be chosen by the ant
k when it is at the decision point i. The pheromone concentration is updated according to Equation 8. in which,
T;;(t + 1) is the pheromone concentration of path ij in period t+1, AT;;(t) addition of pheromone of path ij in
period t, T;;(t) the pheromone concentration of path ij in period t and p is the pheromone evaporation
coefficient.

T;;(t + 1)= pT;;(t) + AT;;(t) )

3. Results and discussion

In this section, the Kalibar water distribution network has been used to investigate the effect of the
hydraulic analysis (PDA and DDA) in estimating the improvement of the hydraulic efficiency of water
distribution networks through the optimal setting of pressure reducing valves. Due to the special topographic
conditions of Kalibar WDNs, the network has 7 pressure reducing valves whose positions were selected
experimentally. In order to evaluate the proposed method, two scenarios have been defined based on hydraulic
analysis of the network that called the pressure analysis method (PDA) and the demand analysis method
(DDA). Each method considered before and after valve location selection based on the Valve Selection Index
(VSI). Tables 2 shows the average values of NPRI and DSR and leakage index during 24 hours of the day in
different conditions. In these tables, the average leakage is given in liters per second.

Table 1. Results of equation assessment

DDA PDA
Index Before After Before After
NPRI 0.5933 0.6273 0.6608 0.6770
DSR 1 1 0.89 0.91
LI 6.33 6.34 5.65 5.83

4. Conclusions

To investigate the effect of pressure-analysis and demand-analysis methods on pressure management of
Kalibar water distribution network with optimal locating of pressure-reducing valves, first the VSI index was
calculated for all the pipes of the network. Based on the obtained results, the pipes with the highest VSI value
were selected as the location of the new pressure reducing valves. Accordingly, the previous 7 pressure
reducing valves remained in its place and 2 new valves were added to the network. The results showed that
before the placement of valves, the average reliability of NPRI in the demand analysis method isequal to 0.5933
and in the pressure-analysis method is equal to 0.6608. Also, the value of this reliability after locating new
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valves in the demand-based method is equal to 0.6273 and in the pressure analysis method is equal to 0.6770.
The results showed that the use of the pressure-analysis method, due to the more accurate hydraulic analysis
of the network, has better results than the demand analysis method for the state before and after the placement
of new valves, and for pressure management in the water distribution network with the optimal adjustment of
pressure-reducing valves, it is the appropriate approach.
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