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Extended Abstract

Introduction

Water loss in urban water distribution systems is a significant issue, particularly in regions with scarce water
resources. Annual water losses cause substantial damage to water resources, infrastructure, and the environment,
while also imposing financial burdens on water distribution companies. Leakage, a major component of water
loss, results from aging infrastructure, soil stress, traffic loads, pressure fluctuations, improper installation, and
inadequate backfilling. By examining factors influencing leakage, such as pressure, pipe material, soil
characteristics, and temperature, the occurrence and volume of leaks can be managed effectively. This study
explores the fundamentals of water loss, its types, causes, and methods for calculating leakage, with a focus on
optimizing pressure and soil conditions to minimize water loss.

Materials and Method

The study reviews existing research and experimental data to analyze the factors influencing leakage in water
distribution systems. Key parameters such as pressure, pipe material, soil type, and temperature are evaluated to
understand their impact on leakage rates. The relationship between pressure and leakage is examined using the
orifice equation and the FAVAD (Fixed and Variable Area Discharge) theory. Experimental and field studies
are referenced to validate the findings, particularly focusing on the variability of the leakage exponent (o) and
its dependence on pipe material and crack geometry. Soil characteristics, including grain size distribution and
hydraulic conductivity, are also analyzed to assess their influence on leakage.

Results and Discussion

The results indicate that pressure is a critical factor influencing leakage, with the leakage exponent () ranging
from 0.5 to 2.79, often exceeding the theoretical value of 0.5. This variability is attributed to differences in pipe
material, crack geometry, and soil conditions. Studies show that reducing pressure through pressure management
techniques, such as pressure-reducing valves, can significantly decrease leakage rates. Temperature also plays a
role, as higher temperatures reduce the viscosity of water and increase leakage rates, particularly in thermoplastic
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pipes like HDPE. Pipe material significantly affects leakage behavior, with corroded steel pipes exhibiting higher
leakage exponents due to reduced material integrity. Soil characteristics, particularly grain size (D50) and
hydraulic conductivity, influence leakage rates, with coarser soils allowing higher leakage compared to finer
soils.

Conclusion

The study concludes that effective leakage management requires a comprehensive understanding of the factors
influencing leakage, including pressure, pipe material, soil characteristics, and temperature. Pressure
management emerges as a cost-effective strategy for reducing leakage, while selecting appropriate pipe materials
and optimizing soil backfill can further minimize water loss. Future research should focus on the impact of
temperature on the viscoelastic properties of pipes, the role of soluble soils in pipe degradation, and leakage
behavior at pipe joints. Addressing these factors will contribute to more sustainable and efficient water
distribution systems, particularly in water-scarce regions.

Keywords: leakage management, leakage flow, Water supply network, Pressure, Crack


https://sanad.iau.ir/journal/tsws
https://doi.org/10.30486/TSWS.2023.783134

Technical Strategies in Water Systems
https://sanad.iau.ir/journal/tsws

ISSN (Online): 2981-1449

Summer 2023: Vol 1, Issue 1, 85-100 o, PP
https://doi.org/10.30486/TSWS.2023.783134 legios 0**

UL
o
S & . 4‘ 2
Ystems

Review Article
BV

Water loss from urban water supply networks and the factors affecting it

Seyed Hamid Alavi

Water Engineering and Hydraulic Structure, Faculty of Civil and Environmental Engineering, Tarbiat Modares University, Tehran,
Iran.

*Corresponding Author email: Seyedhamidalavi@modares.ac.ir
© The Author(s) 2024

Received: 17 July 2023 Accepted: 02 Sept 2023 Published: 09 Sept 2023

Abstract

Water loss is a significant issue that leads to substantial damage to water resources, civil infrastructure,
the environment, and water distribution companies. Urban water supply networks, particularly in regions
with scarce water resources, face challenges related to water loss. Leakage from these networks
constitutes a major portion of the overall water loss. Factors contributing to leakage include the aging of
water supply systems, pipe damage due to soil stresses and urban traffic, fluctuations in water pressure,
improper urban plumbing practices, and inadequate embankments. Examining factors such as pressure,
pipe type, soil environment, and temperature can help identify the causes of leakage and effectively
manage and mitigate its volume. Laboratory and field investigations have revealed that the leakage
power, contrary to the pressure-leakage relationship, falls within the range of 0.5 to 2.79, with values
exceeding 0.5 due to variations in pipe types, dimensions, and the type of cracks. Reducing the Ds
(median grain size) of the soil and selecting an appropriate soil granulation around the pipes can
effectively reduce the leakage flow rate. This article provides an overview of water wastage, its types, and

underlying causes, followed by a discussion on the fundamentals of leakage calculation.
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Fig 1. Types of real water loss and coping methods (Thornton et al., 2008)
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Table 1. Elasticity correction factor based on temperature changes

Temperature (°C) Elasticity correction factor (k)

10 1.32
16 1.18
23 1
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32 0.82
38 0.73
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Table 2. Laboratory leakage exponents for a number of failures and pipes (Van Zyl & Clayton,
2007)
Failure type Leakage exponent

uPVC Asbestos Mild

cement steel

Round hole 0-52 - 0-52
Longitudinal crack |-38-1-85  0-79-1-04 —
Circumferential crack 0-41-0-53 - —
Corrosion cluster — — 0-67-2-30
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E.t0-33824224 0.186376316
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