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Abstract. This article describes the subject matter of the failure frequency 

of water supply pipes in Poland. The introduction to the article describes 

the causes of failures in the water supply network as well as a tool for 

assessment of the failure frequency of water supply pipes, i.e. damage 

intensity index. The status of Polish literature concerning the problem of 

failure frequency of water supply networks is also presented, and attention 

is paid to the absence of studies within the area of the Podlaskie 

voivodeship. The research part of the article presents the results of 

calculations of failure frequency indexes for water supply networks in the 

Podlaskie voivodeship.  Materials from the Central Statistical Office for 

the period of 2015–2017 served as the basis for studies. Damage intensity 

indexes throughout the entire Podlaskie voivodeship were analyzed. The 

status of failure frequency of water supply networks was assessed in 

poviats of the Podlaskie voivodeship during the years 2015–2017. The 

mean level of failure frequency of water supply networks was also 

compared between the Podlaskie voivodeship, other voviodeships and the 

national average. As a result of calculations that were carried out, reference 

material was obtained for current and future studies concerning failure 

frequency of water supply networks in the Podlaskie voivodeship as well 

as other voivodeships of northern Poland. 

1 Introduction 

Failure repair (e.g. water leaks) in water supply pipes is part of a water supply system’s 

operation[1, 2]. The occurrence of failures is a direct cause of water leakage from a water 

supply system[3]. Failures may be responsible for up to 75% of non-revenue water in  

a water company. There are many causes of failures [4–8]: 

- soil subsidence, tectonic movements and other geological causes,   

- material and design defects of pipes, fittings, connectors, etc., 

- excessive loading of the overburden, particularly dynamic loading, 

- overloading with many years of exploitation, 

- frost penetration to soil in the vicinity of pipe, 

- hydraulic shocks, 

- high pressure in the network and high daily pressure fluctuations, 
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- corrosiveness of soil and groundwater, as well as of water flowing inside pipes,  

- stray voltage accompanying electrical traction,  

- mining exploitation of mineral deposits. 

Despite the fact that pipe failures are a normal phenomenon over the course of 

exploitation, their number, and thus the amount of water that is irreversibly lost, should be 

minimized [9, 10]. The condition of water supply infrastructure as one of many factors 

affects the safety of water consumers [11–15]. Damage intensity indexes λ are determined 

in the operational practice of a water supply system [16]. According to Kwietniewski [17], 

the value of damage intensity index λ should not exceed: 

- for mains λ < 0.3,  

- for distribution pipes λ < 0.5,  

- for service lines λ < 1.0. 

The main area of studies on the failure frequency of water supply pipes in Poland are 

the southern voivodeships of the country, i.e. the Małopolskie, Śląskie and Podkarpackie 

voivodeships. The area of southern Poland is characterized by mountainous and piedmont 

terrain. Meanwhile, Śląsk (Silesia) is an area of intensive mining operations, which 

translate directly to the failure frequency of water supply networks. Studies by Bergel [18] 

based on 374 water supply systems in Poland provided important information about the 

failure frequency of water pipes. Bergel determined the mean level of a Polish water supply 

system’s failure frequency at the level of λ = 0.27 failures/km/year [18].  This study is an 

important point of reference for assessment of other water supply systems. Works [6,  

19–24] provide further and increasingly more recent results with regard to the failure 

frequency of water supply pipes in southern Poland. Poland is lacking studies on the areas 

of central and northern Poland.  Central and northern Poland are characterized by lowland 

areas. The problem of failure frequency of water supply pipes in this area is touched upon 

in the works of Gwoździej-Mazur and Świętochowski [7, 25].  Comparing the water supply 

systems of central Poland with values for areas where mining damage occurs may result in 

an excessive tolerance for failures occurring in water supply systems in the northern part of 

the country. Therefore it is justified to conduct studies intended to provide information 

about the current level of failure frequency of water supply networks in the northern 

regions of the country. 

2 Material and methods 

The Podlaskie voivodeship is administratively divided into 17 poviats (including 3 cities 

under poviat rights). 118 municipalities, including 13 urban municipalities, 27 urban-rural 

municipalities and 78 rural municipalities, are distinguished within the entire voivodeship. 

At the end of 2017, over 13,544 km of water supply distribution network was 

functioning within the Podlaskie voivodeship. Water supply networks supplied water to 

consumers through 197,128 service lines, which translates to a mean density of 14.6 service 

lines/km of distribution network.  

Analyses of failures in water supply networks in the Podlaskie voivodeship were carried 

out based on data (the length of the distribution network pipes, the number of failures) from 

the Central Statistical Office for the years 2015–2017 [26]. The presented results describe 

the failure of whole systems without division into main, distribution and connection pipes. 

The damage intensity index and data from the literature were used to assess and determine 

failure frequency and its level. 
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Fig. 1. Location of the Podlaskie voivodeship and division of the voivodeship into poviats. 

 

Failure frequency index [27]: 
 

                                     λ(∆t) = n(∆t) /L·∆t (1)                           (1) 

where: 

λ(∆t) – unit failure intensity, fail/(km·a)], 

n(∆t) – number of failures within time interval ∆t, 

L – length of pipes tested within time interval ∆t (mean length within this interval), km, 

∆t – considered time interval, year. 

The ranges described by Kwietniewski served as the basis for assessment of obtained 

values of the damage intensity index [7]: 

- low failure frequency, when λ ≤ 0.1, 

- medium failure frequency, when 0.1 < λ ≤ 0.5, 

- high failure frequency, when λ > 0.5. 

3 Results 

Failure frequency of water supply networks in Poland decreased from the value of 0.30 in 

2015 to 0.27 in 2017. The lowest mean failure frequency indexes (λ, fail/(km·a)) for 

voivodeships were obtained in the Lubelskie voivodeship in the years 2015–2016 and in the 

Lubelskie and Wielkopolskie voivodeships in 2017. The highest failure frequency was 

noted in the Śląskie voivodeship. In the Podlaskie voivodeships, the mean failure frequency 

of water supply pipes decreased from the value of 0.26 in 2015 to 0.23 in 2017. Failure 

frequency of water supply pipes during the period of observation was lower than the mean 

value for the entire country. 

In 2015, the highest failure frequency indexes (λ2015, fail/(km·a)) of water supply pipes 

were noted in the Śląskie, Dolnośląskie, and Małopolskie voivodeships, and the lowest in 

the Lubelskie, Wielkopolskie and Mazowieckie voivodeships. In 2016, the highest failure 

frequency indexes (λ2016, fail/(km·a)) of water supply pipes were noted in the Śląskie, 

Dolnośląskie, and Małopolskie voivodeships, and the lowest in the Lubelskie, Kujawsko-

Pomorskie, Lubuskie, Łódzkie and Mazowieckie voivodeships. In 2017, the highest failure 

frequency indexes (λ2017, fail/(km·a)) of water supply pipes were noted in the Śląskie, 
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Małopolskie and Dolnośląskie voivodeships, and the lowest in the Lubelskie, 

Wielkopolskie and Łódzkie voivodeships. 

 

 
 

Fig. 2. Mean failure index of a water supply network in the years 2015–2017. 

 

Table 1. Mean failure indexes of a water supply network in voivodeships. 

Voivodeship  
λ, fail/(km·a) λ, fail/(km·a) λ, fail/(km·a) 

2015 2016 2017 

Dolnośląskie 0.46 0.38 0.36 

Kujawsko-pomorskie 0.22 0.20 0.19 

Lubelskie 0.15 0.15 0.16 

Lubuskie 0.22 0.20 0.22 

Łódzkie 0.20 0.20 0.19 

Małopolskie 0.43 0.40 0.42 

Mazowieckie 0.19 0.20 0.17 

Opolskie 0.37 0.25 0.30 

Podkarpackie 0.27 0.23 0.23 

Podlaskie 0.26 0.24 0.23 

Poland 0.30 0.28 0.27 

Pomorskie 0.35 0.31 0.29 

Śląskie 0.82 0.74 0.69 

Świętokrzyskie 0.26 0.28 0.28 

Warmińsko-mazurskie 0.28 0.28 0.27 

Wielkopolskie 0.18 0.18 0.16 

Zachodniopomorskie 0.35 0.35 0.34 

 

Failure frequency indexes were calculated for every municipality of the Podlaskie 

voivodeship in the years 2015–2017. In 2015, the lowest minimum index,  

λ = 0 fail./km/year, was reached in the Hajnowski, Kolneński and Siemiatycki poviats. In 

2016, the lowest index, λ = 0 fail./km/year, was reached in the Białostocki, Grajewski, 

Siemiatycki and Sokólski poviats. In 2017, the lowest index, λ = 0 fail./km/year, was 

reached in the Białostocki, Grajewski, Hajnowski, Kolneński, Łomżyński and Sokólski 

poviats. The results of λ = 0 fail./km/year occurred in various communes in poviats in 

different years. Impact on such a result λ = 0 fail./km/year  could be incomplete data in 

companies associated with poor care for the failure logs or lack of them. The highest 

minimum index in the years 2015-2017 was noted in the poviat of the city of Białystok 

(2015 – 0.34 fail./km/year, 2016 – 0.31 fail./km/year, 2017 – 0.37 fail./km/year). Based on 

the lowest values of the damage intensity index for municipalities, it can be stated that, 
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during the studied period, 5 poviats had low failure frequency of water supply pipes, and  

12 poviats were characterized by medium failure frequency of water supply pipes. 

 

Table 2. Failure frequency indexes of the water supply network in poviats of the Podlaskie 

voivodeship. 

Poviat 

λ2015, fail/(km·a) λ2016, fail/(km·a) λ2017, fail/(km·a) 

mean in 

poviat 

min in 

poviat 

max in 

poviat 

mean in 

poviat 

min in 

poviat 

max in 

poviat 

mean in 

poviat 

min in 

poviat 

max in 

poviat 

Augustowski  0.27 0.03 1.70 0.24 0.03 1.43 0.20 0.02 0.97 

Białostocki  0.39 0.02 3.57 0.32 0.00 3.15 0.26 0.00 3.22 

Bielski  0.59 0.09 1.52 0.52 0.11 1.32 0.54 0.09 1.37 

Grajewski  0.13 0.01 0.38 0.13 0.00 0.40 0.11 0.00 0.34 

Hajnowski  0.28 0.00 1.75 0.20 0.00 0.87 0.19 0.00 0.83 

Kolneński  0.16 0.00 0.94 0.15 0.05 1.00 0.15 0.00 0.73 

Łomżyński  0.18 0.02 1.35 0.18 0.02 0.85 0.23 0.00 1.27 

Poviat of the 

city of 

Białystok 

0.33 0.33 0.33 0.31 0.31 0.31 0.37 0.37 0.37 

Poviat of the 

city of Łomża 
0.18 0.18 0.18 0.26 0.26 0.26 0.24 0.24 0.24 

Poviat of the 

city of Suwałki 
0.34 0.34 0.34 0.24 0.24 0.24 0.25 0.25 0.25 

Moniecki  0.15 0.02 0.46 0.13 0.03 0.57 0.09 0.02 0.28 

Sejneński  0.22 0.04 0.86 0.22 0.04 0.71 0.24 0.03 0.86 

Siemiatycki  0.29 0.00 1.35 0.20 0.00 1.12 0.22 0.04 0.84 

Sokólski  0.17 0.02 0.93 0.16 0.00 1.04 0.15 0.00 0.98 

Suwalski  0.12 0.01 0.34 0.15 0.05 0.37 0.21 0.03 0.51 

Wysokomazowi

ecki  
0.31 0.02 2.44 0.34 0.02 2.59 0.34 0.02 3.28 

Zambrowski  0.22 0.15 0.48 0.25 0.02 0.78 0.16 0.08 0.44 

 

In 2015, the lowest mean index, λ = 0.12 fail./km/year, was reached in the Moniecki 

poviat. In 2016, the lowest index, λ = 0.13 fail./km/year, was reached in the Grajewski and 

Moniecki poviats. In 2017, the lowest index, λ = 0.11 fail./km/year, was reached in the 

Grajewski poviat. The highest mean index in the years 2015–2017 was noted in the Bielski 

poviat (2015 – 0.59 fail./km/year, 2016 – 0.52 fail./km/year, 2017 – 0.54 fail./km/year). 

Based on the mean values of the damage intensity index for municipalities, it can be stated 

that, during the studied period, 1 poviat had high failure frequency of water supply pipes, 

and the other poviats were characterized by medium failure frequency of water supply 

pipes. 

In 2015, the lowest maximum index, λ = 0.18 fail./km/year, was reached in the poviat of 

the city of Łomża. In 2016, the lowest maximum index, λ = 0 fail./km/year, was reached in 

the Białostocki, Grajewski, Siemiatycki and Sokólski poviats. In 2017, the lowest 

maximum index, λ = 0.24 fail./km/year, was reached in the poviat of the city of Suwałki. 

The highest maximum index in the years 2015-2017 was noted in the Białostocki poviat 

(2015 – 3.57 fail./km/year, 2016 – 3.15 fail./km/year, 2017 – 3.22 fail./km/year). Based on 

the lowest values of the damage intensity index for municipalities, it can be stated that, 

during the studied period, 13 poviats had high failure frequency of water supply pipes, and 

4 poviats were characterized by medium failure frequency of water supply pipes. 
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Fig. 3. Failure assessment of  water supply in Podlasie voivodship in the years 2015–2017. 

 

The largest number of water supply (individual municipalities) in the Podlasie 

voivodeship in 2015–2017 was characterized by average failure rates. Low failure rate 

ranged from 35.5% to 38.4% of water supply. The high failure rate was characterized by 

between 14.5% and 15.1% of water supply. In 2015-2017, the number of high and low 

failure water supply increased. The number of medium failure rate water supply is 

decreasing. 

4 Summary 

During the period of study, 2015–2017, the Podlaskie voivodeship was characterized by  

a general failure frequency index of waters supply pipes below the national average. During 

the period of study, the failure frequency index of water supply pipes in the Podlaskie 

voivodeship was not one of the three lowest values in the country. Considering the mean 

values of damage intensity indexes of water supply pipes in poviats of the Podlaskie 

voivodeship, it can be assessed that the Podlaskie voivodeship is characterized by medium 

failure frequency of water supply pipes (over 94% are characterized by medium failure 

frequency). Conducted studies and analyses constitute a good foundation and point of 

reference for the characterization of individual water supply systems in the Podlaskie 

voivodeship during the years 2015–2017, and also serve as a point of reference for 

assessment of the failure frequency of water supply systems in the Podlaskie voivodeship in 

future years.  

Basic data on water supply collected from the Central Statistical Office do not contain 

information on breakdowns, on the number of failures in individual months and on the age 

or material on which the failure occurred. Considering the purpose for which research and 

analysis were carried out, they are sufficient. According to the authors, the results presented 

in the article are a good reference point for comparing the results used in studies and 

analyzes of individual water systems (in which you can focus, for example, on the age of 

pipes, material, type of pipes). Completed calculations and presented results supplement the 

basic gap in the Polish literature on the subject of waterline failure regarding information 

on the failure frequency of the lowland water supply in Poland. Comparing the failure rate 

in water supply  in the Podlasie voivodship to the water supply of the mountain areas or 

mining damage areas is incorrect and would show the Podlaskie water supply as an almost 
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perfect condition. This article is a good starting point for further, detailed research on the 

failure of water supply in the Podlasie voivodship. 

This study supplements the studies of Polish researchers of the subject matter of failure 

frequency of water supply systems in Poland, which until now have mainly been focused on 

the area of southern Poland. 
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