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reservoir
P-50
600 mm
1 p-6 7 p17 13 p-28 19 p-39 25
500 mm 500 mm 440 mm 450 mm
p-1 p-12 p-23 p-34 p-45
£00 mm 600 mm 450 mm)| 450 mm| 300 mm
2 p-7 8 p-18 14 p-29 20 p-40 P6
Yoo T 450 mm T 300 mm 300 rm
p-2 p-13 p-24 P-35 p-46
GO0 mm 450 mm| 450 mm 300 mm 300 rrrr|
3 p-8 9 p-19 15 p-30 21 p-41 27
450 mm 440 mm 300 mm 300 mm
p-3 p-14 p-25 P-36 p-47
450 mm 440 mm 300 mm 300 mm 300 mm
# p-9 10 p-20 16 p-31 22 p-42 28
Y o 300 mm 300 mm
p-4 p-15 p-26 p-37 p-48
450 m 300 mm 300 mm 300 mm 200 mim
2 p-10 11 p-21 17 p-32 23 p-43 29
b 300 mm ¥ 300 mm * 300 mm 300 mm
p-5 p-16 R-27 p-38 p-49
300 mm 300 mim 300 mm 300 mm 300 mim
6 p-11 12 p-22 18 p-33 24 p-44 30
¢ 300 mm 300 mm > 300 300 mm
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Combining inverse solution method and meta-heuristic algorithm to calculate the
amount and location of leaks in water distribution networks

Iman Rostami', Elham Darvishi*

Abstract

In addition to wasting water and energy, leaks in water distribution networks also cause social and
environmental problems. So it is important to try to save as much as possible. In leaks made by meta-
heuristic methods, the decision variables are leak node number and flow leakage. In this study, a method
is presented with the combination of inverse solution of flow equations and meta-heuristic algorithm. In
the proposed method, only the leakage node number is considered as the decision variable in the
Harmony search method, and the leakage amount is calculated using the inverse solution of continuity
and energy equations. In addition to a number of measurements for the objective function of the meta-
heuristic algorithm, it is necessary to measure pressure nodes and discharge pipes as many as leakage
nodes for the hydraulic model. The results in the two hypothetical networks show that this method
determines and calculates the position and amount of leaks with high accuracy, even if the leakage
amount is small. If there is an error in measuring the node pressure, the position and amount of leaks
are calculated accurately by increasing the nodes of the objective function.

Keywords: Leakage Detection, Inverse solution, Harmony Search, Water Distribution System
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Combining inverse solution method and meta-heuristic algorithm to calculate the
amount and location of leaks in water distribution networks

Iman Rostami', Elham Darvishi*

Introduction

Supply and conveyance of drinking water with appropriate quality is the task of urban water distribution
networks. But because these networks are built underground, they have become difficult to manage and
operate. Water loss through leakage is the biggest problem faced by water supply networks (El-Zahab
and Zayed, 2019).

In this research, meta-heuristic methods are used to determine the leakage position and the solution
of the equation system is used to determine the leakage amount. In other words, the share of meta-
heuristic methods in leak detection is reduced. But the accuracy of the leakage discharge calculation is
greatly increased.

Methodology
The equations in the distribution network based on the equations of continuity and energy can be

expressed as follows:

AQ-q=0
)

A"H+h+A H,=0
)

A is the matrix nxm, where n is the number of junctions and m is the number of pipes. If node i is
the start and node j is the end of the pipe, it is -1. If node j is the start and node i is the end of the pipe,

itis +1. If node i is not connect to j, it must be equal to zero.
The elements of matrix Ao determines the relationship between a node with a fixed head (tank or

reservoir) and a junction. Q and q are the pipe discharge vector and the junction demand, respectively,
H and Ho are the vector of unspecified heads, and h is the pipe loss vector, which has the following

relation:

h=R|Q"Q
®)
R is the resistance of the pipes and n is the discharge power in the loss relation.

In the inverse model, the pressure and demand in some junctions and the discharge of some pipes are
measured, while the discharge of other pipes, the pressure and the demand of other junctions are
unknown. To construct the model, known and unknown variables can be separated and for this purpose,
the continuity equation is decomposed as follows (Kun et al. 2015).

o 3fS e A

(4)

Okq and quq are subsets of g, which are the known and unknown junction demands, respectively. liq
and l,q are subsets of I, that are known and unknown by the junction demand of the matrix, respectively.
Qo and Qug are known and unknown subsets of Q, respectively. Ao and Ayg are the columns of matrix
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A for the discharge of known and unknown pipes, respectively, and kQ, uQ, kq, and uq represent the
number of knowns and unknowns for the discharge of pipes and the demands of the junctions,

respectively. Equation (4) can also be written:

Quq
[qu _AuQ:|'|:Q Q:|_AkQQkQ + quCqu =0
(5)

In a similar way, the energy equation can be written as follows:
T T

A H +AHu + by, by, + A gH =0
(6)

kH, uH, kh and uh are the number of junctions with known and unknown pressure and the known
and unknown pressure drop, respectively. ATx and AT,y are matrices of A formed by the corresponding
columns of AT, respectively, kh and uh are subsets of h, which are known and unknown pressure drops,
lwn and lyn are subsets of I, matrices, which correspond to known and unknown pressure drops.

According to Equations 7 and 3 can be rewritten:

n-1 QuQ
[IUQR‘QUQ AIH:|'|:H }+A-I<FHHUH+Ikhhkh+AlOHO=O
uH
o .
The combination of Equations 3 and 7 creates:
_ du
n- uQ T
0 IuQR|QuQ AIH H AkHHkH + Ikhhkh +A10Ho
(n+m)x(ug+uQ-+uH) (uq+uQu+|:H)x1 (n+m»d
8

Equation (8) shows the inverse model of water distribution networks because the unknown demand of
the junction can be calculated by direct solution (Kun et al. 2015).
In Harmony search algorithm which introduced by Geem et al., 2001, the objective function used

according to Equation 9 is:
nH
Min  OF =Y (H?—H;?)
i=1
©)

nH is the number of measurement pressures, H% and H° are the computational and measurement
pressures in junction i. The pressure used in this equation is separate from the values used in the
hydraulic model. In other words, if it is intended to find two leak nodes in the network, it is necessary
to enter two measured values in the hydraulic model, and in addition to these two values, another number
should be measured for the objective function.

Discussion and conclusion:

In this paper, a new method is proposed to calculate the position and amount of leakage in the
distribution network. Harmony search algorithm is used to determine the location of leakage and reverse
solve the equations of continuity and energy is used to calculate the amount of leakage. In this method,
in addition to measuring the pressure and discharge parameters at a number of network points for the
objective function, it is necessary to measure the pressure at a number of nodes equal to or greater than
the number of leak junctions in the network. If there is no error in measuring the pressure, the proposed
method is able to accurately calculate the position and amount of leakage. The reason for this is the use
of a hydraulic model to calculate the amount of leakage. Also, the accuracy of the proposed method in
the presence of errors in pressure measurement was evaluated. In a Poulakis network where the pressure
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difference is significant, the error in measuring the pressure has little effect on the calculated leakage
value and the leakage position is calculated correctly. The absolute error in this network was a maximum
of 1.1 liters per second. In Aniton network, where the pressure difference is small, an error in the
pressure measurement causes an error in estimating the amount and position of the leak. In this case, by
increasing the number of nodes in the objective function, the model will be able to calculate and
determine the amount and position of the leak with higher accuracy, respectively. In the analysis
performed for this network, increasing the number of nodes of the hydraulic model and the objective
function can reduce the absolute error from 17.2 I/s to 1.7 I/s. The results show that the use of hydraulic
model in calculating the amount of leakage has a high accuracy compared to meta-heuristic methods.
Keywords: Leakage Detection, Inverse solution, Harmony Search, Water Distribution System
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