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Abstract: Water is a limited resource that needs to be properly managed and distributed to the ever-

growing population of the world. Rapid urbanization and development have drastically increased 

the overall water demand worldwide. Ageing water distribution networks are vulnerable to deteri-

oration and leakage, thereby causing an estimated annual loss of about 48 trillion liters of water. To 

address these issues, efficient and reliable leakage detection and management techniques are neces-

sary. In this paper, the results of the experiments performed on a looped water distribution network 

in AnSeong, Korea are discussed. Transient-based techniques were used and physical data were 

collected for the detection and localization of leakages in the experimental water pipes. The results 

obtained from the experiments demonstrated the applicability of transient techniques for leak anal-

ysis in looped water distribution networks. 
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1. Introduction 

Water distribution networks are vital infrastructure that are necessary to provide 

people with sufficient water of appropriate quality. Water losses in water distribution net-

works can generally be divided into apparent losses (unauthorized consumption, meter-

ing inaccuracies, etc.), and real losses (leakage of transmission and/or distribution mains, 

leakage and overflows at the utility’s storage tanks, etc.) [1]. Leakages cause significant 

waste of water, thereby causing huge economic loss to the water utilities, as well as the 

potential for water pollution. The amount of water lost from water distribution systems 

worldwide is large, and is estimated to be around 48 trillion L = 48 billion m3 per year [2]. 

Furthermore, in developing countries, water losses can exceed 50 % of the water pro-

duced, causing significant economic problems [3]. Hence, leak detection and localization 

are of high priority to water utilities and authorities [4], and crucial for the reliable and 

efficient operation of water distribution systems. 

Several different methods and techniques have been presented in the literature for 

the analysis, detection, and localization of leakages. Conventional water loss studies gen-

erally focus on the supply and demand balances for water systems or their subsystems, 

such as District Metered Areas (DMAs). In such studies, flow rates are primarily used to 

compute a mass balance to execute the leak analysis and detection, e.g., Ref. [5]. Methods 

for leak detection and localization include acoustic techniques [6–8], infrared imaging [9], 

ground penetrating radar [10], and pressure waves and transient analysis [11–16]. 

When transient condition occurs in a water distribution network, pressure waves 

propagate within the entire system, until a new steady state is attained. The pressure wave 

contains important information concerning the condition of the distribution network. The 

pressure wave propagating through an intact pipe is affected by friction forces, and it 

progressively and smoothly dampens [17]. Any changes in the pipelines (sediment accu-

mulation, air pockets, leakages, etc.) significantly affect the characteristics of the propa-

gating pressure wave [11, 12, 18, 19]. These abrupt changes in the pressure signal can be 
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utilized for the detection and localization of leakages in the system [20–24]. However, to 

detect faults in the system, it is necessary to have full knowledge of the existing character-

istics of the system (pipe diameter, pipe length, bends, branches in the network, etc.) [25]. 

The aim of this paper is to generate transient condition in a looped experimental water 

distribution network, and use the pressure signal to detect and locate leakages. 

1.1. Governing equations 

The basic equations of continuity and momentum that describe unsteady flow in elas-

tic pipes are [26]:  
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where, H is the piezometric head, 𝑄 the discharge, 𝐶 the pressure wave speed, 𝑔 the 

acceleration due to gravity, 𝐴 the cross-sectional area of pipe, 𝐷 the internal pipe diam-

eter, 𝑓 the coefficient of friction, 𝑥 the distance along the pipe, and 𝑡 the time.  

Equations (1) & (2) can be transformed into a system of ordinary differential equa-

tions along the characteristics line, and solved by the Method of Characteristics (MOC) for 

pressure head 𝐻 and discharge 𝑄 as [10]: 
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where, 𝑖 is the node number, and ∆𝑡 the time steps along the grid. 

A leak can be modelled as an orifice, and the discharge 𝑄𝑙  can be calculated as [12]: 

 

𝑄𝑙 = 𝐶𝑑𝐴𝑙√2𝑔𝐻𝑙                                                            (5) 

 

where, 𝐶𝑑 is the coefficient of discharge, 𝐴𝑙 the orifice area, and 𝐻𝑙  the head. 

 Equation (6) gives the theoretical formula developed for the estimation of leak size 

for the maneuver of closure of an inline valve [4, 11] used as a reference formula to esti-

mate leak sizes: 
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where, Ho is the steady state piezometric head at the leak section, 𝐻𝐿𝑜𝑢𝑡  the piezometric 

head outside the leak to atmosphere, ∆𝐻 the pressure variation at the section where surge 

is generated and ∆𝐻𝑑 the pressure variation induced by leak. 

2. Materials and Methods  

Multiple tests were performed on the experimental water distribution network in 

AnSeong, Korea involving different leakage and active loop scenarios. The AnSeong wa-

ter distribution network contains one reservoir, one pump, 30 pipelines, 25 junctions, and 

3 loops. Pressure signal data were collected during each individual experiment for both 

steady and unsteady conditions, with and without the presence of leak in the system. 
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2.1. Experimental Setup 

 Figure 1 shows that the constructed experimental water distribution consists of Duc-

tile Iron pipes having an internal diameter of 80 mm. The total length of the entire system 

is 356 m, and the water is supplied to the system by a pump with a head of 15 m, with the 

total inflow in the distribution network being 12.96 m3/h. Figure 2 shows that three leak-

age points were simulated in the distribution network by opening inline valves each with 

a diameter of 20 mm. 

 

Figure 1. The AnSeong experimental water distribution network. 

 

Figure 2. The experimental water network showing leakage points and three-way valves. 

Multiple pressure transducers were installed at different locations in the distribution 

system to collect the pressure signal generated during a transient event. The pressure sig-

nal was generated in the system by the quick closure of the inline valve, present at each 

leak point. Pressure data was collected during normal flow condition, during the leaking 
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condition, and most importantly, during the transient condition. All the pressure data 

collected by the pressure transducers were passed through a GL220 data logger, and were 

collected on computer. The data collected during the experiment were analyzed. 

 

 

Figure 3. Valve for Leak and Transient Simulation, Pressure Transmitter, and Data Logger. 

 

Figure 4. Pressure signal measurement and collection. 

The range of the pressure transducers installed in the system was (0 to 20) bar. The 

collected pressure signal was transferred as an electrical signal to the data logger with a 

range of (1 to 5) V, and collected in computer for further analysis. 

3. Results and discussion 

Table 1 summarizes the localization of leakage points and the estimation of the quan-

tity of leakage flow from the leak points from the multiple transient tests performed dur-

ing the AnSeong experiments. (Note that one of the leak points was used for the quick 

closure of valve to generate pressure waves in the system). 

 

Table 1. Leak localization and assessment by using transient test. 

Leak 

point 

Actual leak 

distance (m) 

Total  

discharge 

(Lps) 

Leak  

discharge 

(Lps) 

Calculated 

leak distance 

(m) 

Error 

(%) 

LP1 94.1 13.01 3.08 87.91 6.19 

LP2 15.5 12.96 2.35 14.06 9.29 
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Figure 5. Pressure signal measured with and without the presence of leak in the network 

Figure 5 presents the nature of the pressure wave signal after the generation of water 

hammer from the quick closure of an inline valve, with and without the presence of leak 

in the experimental water distribution network. The figure illustrates the effect of leak 

points on the behavior of the generated pressure wave. 

4. Conclusions 

This paper reports the results of the transient tests carried out on an experimental 

two-looped water distribution network in AnSeong, Korea. Transient tests were con-

ducted for the detection, localization, and estimation of leakage in the water distribution 

network. Transients were generated by the quick closure of inline valve from one of the 

leak points in the network. The behavior of the generated, and then reflected pressure 

wave signal was analyzed and utilized for leakage detection and localization. 

Leakage points in the distribution network were identified in most cases with reasonable error. The 

reflection of the pressure waves from leaks must be isolated from the reflections occurring from 

network bends and junctions. For this, knowledge of the existing water distribution network is im-

portant. Overall, transient testing can be utilized to identify leaks in the water distribution network 

containing loops, and can be applicable for network diagnosis and monitoring. 
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