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1. Introduction

Water loss has been changed into a global concern in recent decades (Araujo et al., 2006). Since water
demand has been increased, it is necessary to manage its consumption patterns to overcome this problem.
The most important part of managing water consumption is to decrease the water loss. In this paper, a new
idea is presented to detect the leakage location and its quantity in a water distribution network, using nodal
pressures analyzes in two cases of with and without leakage discharges. The results have shown that this
method not only can determine the location of leaky node, but also the leakage quantity by using nodal
pressure data.

2. Methodology

The applied method in this paper is based on the calculation of nodal pressure differences. In order to
study the effect of the leakage on the pressure variations in water distribution systems, two analyses should
be performed, namely with and without the presence of leakage. The leakage index can then be calculated as
follows:

i i
LIr(i)—Mxloo 1
(H,,01 —H) Imax

Where H iol - H,i is the head difference at node i due to leakage at node r, and LI" (i) is the leakage index. As

n
the leakage index formula alone would not help the detection of the leakage, a comprehensive equation
should be developed. In this case, equation (1) is generalized into the following form:

L,r(mjzur(m):(%z—f’f")

n) L' (n) (HZOI—HI”)

(2)

Where m and n are chosen nodes for pressure measurements, r refers to the leaky node and L" (m/n) is the
ratio of the leakage indices.

3. Results and discussions

The network, which has already been introduced by Poulakis et al (Poulakis et al., 2003), is used in the
present work. This network contains 20 loops, 30 nodes, 50 pipes and one reservoir. The horizontal and
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vertical lengths of pipes are 1000 and 2000 meters, respectively, the absolute roughness (e) of all pipes is
0.26 millimeter and the nodal consumption of all pipes is considered to be 50 liters per second. Fig. (1)
illustrates the overall configurations of the network.
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Fig. 1. Case study network (Poulakis et al.,, 2003)

By increasing the quantity of leakage, pressure decreases linearly. Generally, for a fixed amount for each
leakage, by changing the position of leakage, the nodal pressures will be changed, except for the node which is
connected to the reservoir. The pressure at this node only depends on the amount of leakage, and is
independent of the leakage position. Thus, for a precise determination of the total amount of existing leakage
in the network of Fig. (1), it is sufficient to measure the pressure values at node 1 that is connected to the
tank. For this purpose, the pressure at node 1 for different leakages are calculated, using the EPANET 2.0
software.

At first two simultaneous leakages are applied to the network of Fig.1with a total number of combinations
equal to 435. Then, the network is analyzed and the matrix of leakage index is computed, using Eq. (1).

This matrix is shown in Table (1). It is supposed that two simultaneous leakage discharges with a
magnitude of 25 liters per second have occurred within the network. In this table the values of the upper row
are leakage modes, the left column values show the effect of leakage on other nodes and the values within the
table are the leakage indices. Calculation of this table is an analytic work and it can only be achieved through
the existence of calibrated network characteristics.

Table 1. A short view of the leakage matrix for two simultaneous leaks with equal amounts of 25 I/s.

Leaky node 1,2 1,3 1,4 17,20 29.30
Node
number
1 89.79 835 753 57.5 41.64

30 98.63 96.8  95.7 95.2 100
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In the next step, it is assumed that two leaks each with a discharge of 25 1/s are applied simultaneously to
nodes 17 and 20. Then the network is analyzed by EPANET 2.0 software and the nodal pressures are
calculated.

Now as a part of field measurement, pressure at two arbitrary nodes (nodes 3 and 26) have been
performed. Then, using Eq. (1), the associated leak index calculated based two nodes of pressure is obtained.
Due to imperfect network calibration, inconsistency between the simulated and real leak discharges and
some error associated with probes, five percent variation in leakage detection is considered (Aotearoa,
2009):

L117:20 (3 /26)1=0.8896

So, the leak index of the suspected nodes to leak should be within the following range: [0.95x0.8896,
1.05x0.8896]

it LI(3/26),, —— 0.95LI(3/26),;,  —— 1.05LI(3/26);;  —— LI(3/26)y
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Fig. 2. Variation of the relative leakage index for all the feasible combinations

In order to calculate the base leakage index, the values LI17:20 (3/26), with a total number of 435, are
calculated using Eq. (2) and leakage matrix is given in Table 1. The results are shown in Fig. (2). Fig. (2)
shows the relative leak indices calculated for the whole combination numbers of two leaky nodes in the
network. Additionally, leakage index due to leaks at nodes 17 and 20 (as the real leaks), is marked with
squares. It can be observed that a large number of unreal answers have been located out of the acceptable
interval. So, by increasing the number of pressure measurements, the unreal answers will be eliminated.
Node 25 is selected for the third pressure measurement. This leads to a total number of three leak indices:
3/25,3/26 and 25/26. As the number of nodal pressure measurements is increased, the intersection of the
suspected leaky nodes will be decreased. The results have shown that three nodal pressure measurement is
not enough so the number of the pressure measurement should be increased. From the observed results, it is
found that a total number of 8 pressure measurements, namely at nodes 3, 6, 20, 24, 25, 26, 27 and 29, will be
able to exactly detect the leaky nodes i.e. nodes 17 and 20. The arrangement of the pressure measurements is
an important factor which may lead to still lower number of pressure measurements.

4. Conclusions

In this research, a new idea has been presented to detect the leakage location and its quantity in a water
distribution network. The work can be divided into two parts. In the first part, pressure analysis in two cases
of with and without leakage conditions will be performed by the use of EPANET. Then at the second part, the
actual pressure measurement from the real network will be carried out. Comparing the simulated and real
leak indices will consider as a measure for leak detection in the network. A total number of 8 nodal pressure
measurement is found suitable for the leak detection in a network with a moderate size such the one given in
this research work.
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