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Abstract:  A large proportion of water loss in distribution networks is common in many Asian cities, averaging 35% in the 
region’s cities, a figure which resulted in major financial, supply, and pressure losses, as well as excessive energy 
consumption. Background leakages at joints and fittings are small, invisible and inaudible leaks that run continuously. 
In this study, the background leakage in a new water pressure pipe was investigated. 760 m of 225 mm diameter of 
unplasticized polyvinyl chloride (uPVC) was installed. The depth of the pipe was 1.5 m. The pipe is used as water 
carrier pipe. The pressure test was 100m for 22 hours and then the pressure was raised to 160 m. The pressure was 
monitored every 10 minutes for 22 hours by using the electronic data loggers. Hence, automatic and continuous 
monitoring was achieved. Data were downloaded into a laptop using cable connector. After 22 hours, the background 
leakage in the new water pipe was 34 liters (2.0 liters/km mains/hour at 100 m pressure). In practice, Pressure is one 
of the major factors that influence leakage in the water distribution systems (WDSs) and pressure management (PM) 
is the most effective tools for leakage control in WDSs, particularly in large networks and in systems with 
deteriorated infrastructures and high pressure. 
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1. INTRODUCTION 

Basically, water loss is a part of NRW, whereas water losses in a WDS consist of real losses and 
apparent losses. Real losses are mainly due to leakage from service connections, joints in water 
pipes, pipe bursts, pipe cracks and overflows from storage tanks, whereas apparent losses are 
produced by illegal water consumption and inaccurate customer metering (Farley and Trow, 2003; 
Karadirek et al., 2012; Alkasseh et al., 2013; Samir et al., 2017; Tsitsifli et al., 2017). Water losses 
vary among systems and can be attributed to a number of different factors. These factors include 
network length, number of service connections, pressure fluctuation over the day, pipe material, 
leaks, bursts, and age of the system (Uyak et al., 2007; Gomes et al., 2011). Water losses are 
occurring in both developed and developing countries throughout the world (Thornton et al., 2008; 
Alkasseh et al., 2015; Hawari et al., 2017). Estimated NRW levels for developed and developing 
countries were 15% and 35% of the annual system input volume, respectively (Kanakoudis and 
Tsitsifli, 2012; Steffelbauer and Fuchs-Hanusch, 2016; Tsitsifli et al., 2017). A large percentage of 
water loss in distribution networks is common in many Asian cities, averaging 35% and even 
reaching much higher levels (Frauendorfer et al., 2010; Alkasseh et al., 2015). 

Leakage control methodologies can in general be classified into two main groups: passive 
(reactive) leakage control and active leakage control. The passive leakage control (PLC) is a policy 
of taking action only to leaks and bursts reported by the public and a company’s own staff (Öztürk 
et al., 2007; Puust et al., 2010; Alkasseh et al., 2015). The active leakage control (ALC) involves 
management policies and processes to locate and repair unreported leaks from the water company 
supply system and customer supply pipes (Pearson and Trow, 2005; Öztürk et al., 2007; Puust et 
al., 2010). It is simply described as detection of leakages before they appear on the surface, using 
various technical equipment (Muñoz-Trochez et al., 2010; Steffelbauer and Fuchs-Hanusch, 2016). 
Passive leakage policy is very straightforward and simple to use. It does not involve any systematic 
action and it is reasonable only in such water systems where there are very low leakage levels 
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(Puust et al., 2010); the water utility mobilizes resources for detection, location and repair of 
reported leaks only (Muñoz-Trochez et al., 2010). 

Many utilities have developed strategies to reduce water losses to an economic or acceptable 
level. The economic level of leakage (ELL) can be predicted using bursts and background estimates 
(BABE) component analysis models. Based on the concepts of BABE, real losses consist of 
background leakage (flow rate less than 0.5 m3/h), reported leaks and bursts, and unreported leaks 
and bursts (Lambert and Morrison, 1996; Lambert, 2002; García et al., 2006; Tabesh et al., 2009; 
Kanakoudis and Gonelas, 2016). All these loss components of real losses can occur in three 
locations of the supply system: (i) distribution mains and joints, (ii) service line connections and 
(iii) service line piping (Wyatt, 2010; Alkasseh et al., 2015). 

The burst rate and leak flow rate depend on the type of pipe material, age, system pressure, 
pressure variation and external loadings (Wyatt, 2010). In general terms, pressure management 
(PM) may be the most cost effective approach to manage real losses, depending on the system 
pressures and topography of the service area. Furthermore, pressure fluctuations play an important 
role in generating exhausted burst; hence there is a need to have a water supply system with 
minimised pressure fluctuations (Muñoz-Trochez et al., 2010; Samir et al., 2017).  

Recent studies and research have shown the general benefits of PM including: (i) extension of 
the life of the distribution infrastructure, (ii) reduction of new burst frequencies on distribution 
mains and service connections, (iii) reduction of flow rates of all leaks and bursts present in the 
system at any time, (iii) reduction in treatment and investment costs, (iv) energy savings and (v) 
improvements to customer service (Lambert, 2002; Thornton, 2003; Hamilton et al., 2006; Girard 
and Stewart, 2007; Nicolini and Zovatto, 2009; Nazif et al., 2010; Lambert and Thornton, 2011; 
Crowder et al., 2012). 

Moreover, system pressure has significant effects on average leak flow, and on annual numbers 
of new leaks and bursts. Bursts are defined as detectable failures on pipes, joints and valves which 
cause loss of significant volumes of water from mains and services, leading to relatively costly 
repairs or replacements (Lambert and Thornton, 2011) with flow rates exceeding 0.5 m3/h, which 
have variable durations (Lambert and Morrison, 1996).  

For practical predictions in distribution systems, the most appropriate general equations for 
simple analysis and prediction of relationships between pressure (P) and leakage rate (L) are: 

L varies with PN1 and  !!
!!
= !!

!!

!"
  (1) 

where L0 and L1 are the initial and new leakage losses in litre per second (L/s), P0 and P1 are initial 
and new pressures in meter and N1 is the exponent. The value of the exponent N1 may vary from 
0.5 for ‘Fixed Area’ leaks to 1.5 or more for ‘Variable Area’ leaks, (Lambert, 2001; Lambert, 2002; 
Thornton, 2003; Cassa et al., 2010), and could vary between 0.50 and 2.50, depending upon the 
type(s) of leak and for individual small zones, (Lambert, 2001; Thornton, 2003; Alkasseh et al., 
2015; Schwaller et al., 2015). 

2. BACKGROUND 

The study area is situated in Beit Lahia city which is one of 25 cities in Gaza Strip (Figure 1). In 
Gaza Strip, the groundwater is considered to be the main water source that supplies the residents for 
different purposes and Gaza coastal aquifer is limited. Gaza Strip is a part of the Palestinian coastal 
plain located in arid and semi-arid regions which is bordered by Egypt from the south, the Green 
Line from the North, Nagev desert from the East and the Mediterranean Sea from the West (Amr 
and Yassin, 2008; Mayla and Amr, 2010). It is one of the most densely populated areas in the world 
(4138 people per km2), with a population of 1.5 million based on the Municipal Development and 
Lending Fund (MDLF, 2009) . Because of the high population growth rate (~4%) (Weinthal et al., 
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2005), the population is expected to reach more than 2.6 Million inhabitants by year 2025 according 
to the Coastal Municipalities Water Utility (CMWU) and the Palestinian Central Bureau of 
Statistics (PCBS) (CMWU, 2011). CMWU is the service provider for all water and wastewater 
services in the Gaza strip. CMWU coordinates its activities with Palestinian Water Authority 
(PWA) as a regulator for the water and wastewater sector (CMWU, 2014). 

 

Figure 1. Beit Lahia city, Gaza Strip 

The situation of the water quality and quantity in Gaza is already grim (Amr and Yassin, 2008; 
UNDP, 2010). The quantities of water abstracted to meet the demand of an increased population 
have put the aquifer under stress already since the late nineties (Nembrini, 2010b). After Kuwait, 
the Gaza Strip is the next most ‘water-poor’ region in the world, with 52 m3 available per person 
each year (Weinthal et al., 2005). Domestic consumption per capita was between 70 to 85 litter per 
capita/day (CMWU, 2011; UN, 2012). In addition, the aquifer has been depleted and contaminated 
by over extraction and by sewage and seawater infiltration (Nembrini, 2010a; CMWU, 2011; 
Shomar, 2011). As a consequence, more than 90% of the water is unfit for drinking as stated by an 
Amnesty International Report of 2009 (Amnesty International, 2009; Shomar, 2011; CMWU, 2015) 
and due to high levels of salinity, most of the ground water is not suitable for both domestic and 
agricultural consumptions (Mayla and Amr, 2010). 

According to the report of PWA about the water resources status summary in 2014 in Gaza Strip, 
the network distribution system efficiency was 58.9%. The NRW was 41%. The total water 
supplied for domestic use was about 88.466 million cubic meters (mcm)	 and	 the total water 
consumption was 52.1 mcm in 2014 (PWA, 2015). 

3. METHODOLOGY 

According to the technical specifications of water works of CMWU, the works have been 
designed to International Standards Organization (ISO) Standards. 760 m of 225 mm of 
unplasticized polyvinyl chloride (uPVC) was installed. The depth of the pipe was 1.5 m. The trench 
excavation was in sandy soil. Mechanical equipment was used for trench excavation. The trench 
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was filled with sand to the level of the natural adjacent ground level in layers not exceeding 
300 mm, wetted and compacted by tamping to 90% of maximum dry density. The pipes were 
supplied in 6 meters lengths. The pressure rating was PN10. Thicknesses of pipes’ walls used for 
the specified pressure rating were 8.6 mm. the color of pipes was white. 

After pipe-laying and backfilling have been completed, the pipe was subjected to a hydrostatic 
pressure test.	The pipe was tested over its entire length. One of the open ends was ending with end 
cap with a 2 inches valve. The anther open end was ending with end cap connecting with pressure 
gauge and Data Logger, ABB Multi-Log, Model Unimos® 600 (Figure 2).  

 

Figure 2. Data logger, ABB Multi-Log, Model Unimos® 600 

The pipe was filled gradually and slowly in order to prevent water hammer and to permit the 
escape of all air from the pipeline. The required pressure was obtained by means of a special 
pressure pump. After the filling has been completed, but before the pressure is raised, all valves 
were inspected for water-tightness and all leaks were repaired. An efficient stop and strutting block 
were placed at the end of the section to be tested. After the pipes have been completely filled with 
water and all air has been excluded, the pressure was raised by pumping to the specified test 
pressure. 

Finally, the test pressure shall be calculated as one and a half times the maximum working head 
at the lowest point in the section to be tested. The working pressure was 100 m. The pressure test 
was 100 m for 22 hours and then the pressure was raised to 160m for one hour. 

The pressure was measured by the data logger and the average value for every 10 minutes was 
recorded. The pressure was monitored every 10 minutes for 22 hours by using the electronic data 
loggers. Hence, automatic and continuous monitoring was achieved. Data were downloaded into a 
laptop using cable connector. After downloading and analyzing the graphs, the performance of the 
water pipe can be investigated to monitor usage, leakage and pressure fluctuations throughout the 
day and night to ensure that customers are receiving sufficient pressures at all times. 

The analysis of the data was carried out by using Microsoft Office Excel® 2007 and statistical 
package of Minitab® version 16 in each 10 minutes to investigate the background leakage in the 
New Pipe. In order to estimate the background leakage in the new pipe, statistical analysis for 
modeling of background leakage was carried out. Regression is used to determine the interactions 
of variables. Regression provides a means of predicting one variable (dependent variable) from the 
other (predictor variable) (Larson and Farber, 2003).  
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4. RESULTS AND DISCUSSION 

Pressure (m) and its corresponding time period were examined for 22 hours. Pressure data were 
recorded and reported within this time band	by using the electronic data loggers (Figure 3). 

 

Figure 3. The recorded pressure data using the electronic data loggers 

Figure 4 shows the recorded data of pressure every 10 minutes during 22-hours using Microsoft 
Office Excel 2007. 

 

Figure  4. The average pressure (m) vs. time for every 10 minutes 

Using a level of significance of α=0.05, a simple linear regression (SLR) of the pressure as a 
dependent variable was carried out versus independent variable (time), as shown in the Table 1. 
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Table 1. Regression αnalysis: pressure (m) vs. time (min). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The R-square value was 0.9832. This value shows that 98.3% of the variation in the Pressure (m) 

could be explained by the model. The adjusted R-square is 0.983. Both values indicate that the 
model fits well with the data. The predicted R-square is 0.9834. The predicted R-Square value is 
close to the R-square and the adjusted R-square values; the model appears to have an adequate 
predictive ability. Thus, one-minute increase in the time significantly decreases the pressure by 
0.00882 m. 

The final model could be improved using the polynomial quadratic of the time (min), as shown 
in the Table 2. 
 

Table 2. The polynomial quadratic of the time (min) 

Regression Types 
Equations  
X=Time (min) 
Y= Pressure (m) 

R-Squared values 

Linear  y = 102.17 - 0.0882x R2 = 0.9832 

Polynomial y = 103.12 - 0.1326x + 0.0004x2 R2 = 0.9996 

Power y = 109.71x-0.033 R2 = 0.8642 

 
The regression model is as follows: 
The R-square is 0.9996. The adjusted R-square is 0.9996. The P-value for the F-statistic (α=0.05) 

is <0.001. The F-statistic is 142169.60. 
The pipeline was subjected to a hydrostatic pressure test. It is tested over its entire length. 

Accordingly, the pressure test was 100 m for 22 hours and then the pressure was raised to 160 m. 
After 22 hours, the background leakage in the new pipe was 34 liters (2.0 liters/km mains/hour at 
100 m pressure).	

Pressure is one of the major factors influencing leakage in the WDSs (Cassa et al., 2010; Gopan 
et al., 2010; Nazif et al., 2010). In general, water losses have a linear correlation with pressure. For 
instance, a decrease of 10% in the network pressure results in a decrease of 10-15% in water losses 
(Çakmakcı et al., 2007). 

A number of studies confirmed that unplasticized polyvinyl chloride (uPVC) pressure pipes have 
exhibited relatively low failure rates in service compared to other pipe materials in use which has a 
service life approaching 30 years (Davis et al., 2007). Pressurized plastic pipes have been used 
successfully in water supply systems, especially, pipe systems made of polyethylene (PE), with 
typical lifetime of 50 years. The investigations on PE pipes indicated a decrease in failure time 
along with an increase in the age of the pipes (Walton and Al-Muhairi, 2008; Frank et al., 2009).  

Regression Analysis: pressure versus time 
 
The regression equation is 
pressure = 102 - 0.00882 time 
 
Predictor        Coef    SE Coef        T      P 
Constant      102.078      0.075  1361.36  0.000 
time       -0.0088249  0.0001037   -85.11  0.000 
 
S = 0.423346   R-Sq = 98.3%   R-Sq(adj) = 98.3% 
 
PRESS = 23.1788   R-Sq(pred) = 98.24% 
 
Analysis of Variance 
 
Source           DF      SS      MS        F      P 
Regression        1  1298.2  1298.2  7243.26  0.000 
Residual Error  124    22.2     0.2 
Total           125  1320.4 
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5. CONCLUSION AND RECOMMENDATIONS 

A water new pipeline of 225 mm uPVC and all the joints were tested at a test pressure of 100 m 
for 22 hours. After 22 hours, the background leakage in the new pipe was 34 liters (2.0 liters/km 
mains/hour at 100 m pressure). At 5% significance level, a simple linear regression (SLR) of the 
pressure as a dependent variable was carried out versus independent variable (time). The R-square 
value was 0.9832. Thus, the model appears to have an adequate predictive ability. It has been 
recognized for many years that effective pressure management (PM) is the essential foundation for 
an effective leakage management strategy. Nowadays, the implementation of PM is one of the most 
effective tools for leakage control in DMAs, particularly in large networks and in systems with 
deteriorated infrastructures and high pressure.  
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