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ANALYSIS OF WATER INFRASTRUCTURE
DEVELOPMENT - A CASE STUDY OF THE
EXEMPLARY WATER SUPPLY SYSTEM

The paper presents the characteristics of the wsti@ply infrastructure in
Lubaczéw. Thereafter the analysis of the water juiprastructure based on the
collected operational data was performed. Indicatbraracterizing the water sup-
ply infrastructure in the years 1995-2014 were mieiteed. In the analysis the fol-
lowing parameters were used: length of water supgtwork, the number of water
supply connections, water consumption. The analysis based on data get from
the Central Statistical Office for 1995+2014 [4].€Timcrease in the water supply
network in Lubaczéw in the considered period amedrit25,8%, while the aver-
age increase in the length of water supply netwaak 0,3 km/year, per one inhab-
itant falls 1,87-2,38 m of the water supply netwcFke value of the load intensity
of the water supply system in the Podkarpackieoregn the years 1995-2009, as
opposed to Lubaczoéw, showed an increasing trenel |8figth of the water supply
system per unit area was 0,88 kmfkim 1995 and has grown to a value of 1,11
km/kmz in 2014. The number of water supply conmertileading to residential
buildings and collective waterworks increased frti289 in 1995 to 1903. In 2014,
the increase amounted 146,5%. The average numbeatef supply connections
per 1 km of water supply network in the years 12934 was 65 no/km, while the
difference between the maximum and minimum was akm, which shows
a slight increase of this indicator.

Keywords: water supply infrastructure, water supply systemwettgpment indica-
tors, failure rate, water supply system

1. Introduction

Lubaczéw is a city located in the south-eastermmlin the Podkarpackie
province, in the district Lubaczow, in the Tarnadgki Plateau, at the mouth of
the river Sototwy to Lubaczéwka, near the statelbowith Ukraine. Currently
the city has 12 thousands residents, a populagosity of 490 people/kmThe
share of working age population for the city is @tt@6% of the total population.
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The population under the age of 18 years is ab0t2526 of the population,
while 10-15% are people of working age.

Water supply pipeline and other components of waieply include [10]:
backhaul network of water from wells to water treant plants (WTP),
backhaul network of treated water from WTP to ep@mtanks,
water supply network with connections,
the intake of water supplying the Municipality otithaczéw (the city of
Lubaczow).

Lubaczéw is supplied with water from the undergbwater intake by six
active drilled wells numbered S-1a, S-2, S-5a, S$5@, S-8, of total capacity
202 ni/h.

The well S-3 was constructed in 1976, now, sinc@31@ is excluded from
the operation due to technical wear and is goinget@liminated. At present it
serves as a piezometer.

The main potential sources of pollution of grountkran the area of wells
S-la and S-2 are sewage and rainwater collectars. tD the relatively small
depth of the foundation, 1,5-2,5 m below grounceleand the presence of the
semi-works with a thickness of 6,5-7,0 m, defaglton aquifer, the threat from
them is potentially vital [10].

Capacity of wells is greater than the demand arcetbre they operate al-
ternately, resulting in less technical wear.

In the analysis the following data were used: grgth of the water supply
network, water supply network density indicatore thumber of water supply
connections leading to residential buildings ang ¢bllective waterworks, the
number of water supply connections per 1 km, thenisity of the network load.
The analysis can be used to describe the operattimater supply systems [1, 5,
6, 12, 14, 15]. Analysis of the water infrastruettate in the Lubaczéw city
was conducted for the years 1995-2014 on the bésliata provided by the Cen-
tral Statistical Office.

2. Analysis of the water supply system of the Lubaéw city

2.1. Increase of the water supply network lenght ihubaczow

In the Lubaczow city some private buildings arp@ied with water from
own wells. In dry periods (low level of undergroundter), users of private
wells can use water from the network, because afe@sing water resources.

The increase in the water supply system lengthhemvhole city in the pe-
riod 1995-2014 amounted to 125,8% (Fig. 1). Thedeundyrowth of this indica-
tor in 1998 by 11,7% in relation to 1997 was theuleof a significant extension
of the network, due to the expansion of the city.
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Fig. 1. Growth dynamics of the water supply systerubaczow
Rys. 1. Dynamika przyrostu sieci wodggdwej w Lubaczowie

The average increase in water lengthcan be determined according to the
formula [2, 3]:

Psr = (2014 l1009/t, [km/year] 1)

where:

l,00s— the length of the water supply system at #grining of the observation
period (in 1995), [km],

1,014— the length of the water supply system at tleeadrihe observation period
(in 2014), [km],

t — observation time [years], t = 20 years.

On the basis of calculations the average increfifige length of the water
supply network was 0,3 km per year. A small inceca$ the water network
length in 1995-2014 was due to the lack of sigarficdevelopment of the city in
terms of water supply systems construction and residential buildings are
located nearby the existing network. In 2012 67desuwere put into operation,
what resulted in a significant expansion of theavaupply network before the
investment and final inspection.

2.2. Indicators of equipment in water supply netwoks

In 1995-1998 in Lubaczéw fell about 1,9 m of wasepply network per
one inhabitant (Fig. 2) and in the years 1999 t&32the indicator increased
from 2,1 to 2,23 m/inhabitant, reaching a value2¢(#8 m/inhabitant in 2014.

Slight fluctuations in the length of the water slypgystem per one inhabitant
can be seen.
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Fig. 2. Length of water network falling per oneahlitant of Lubaczéw
Rys. 2. Dlugé¢ sieci wodocigowej przypadajica na jednego mieszkea Lubaczowa

The statistical analysis of unit length of watapgsly network per one inhab-
itant of Lubaczéw was conducted for 20 years. Tiyais showed that the av-
erage value of this indicator amounted to 2,13 nafaitant. The range between
the minimum and the maximum value in the 1995-2@44 0,51 m/ inhabitant,
reflecting the minimal development of the waterg@ysystem in the city.

Basic descriptive statistics for the water suppiywork length per one in-
habitant of Lubaczow were as follows: average 32median - 2,16, minimum -
1,87, maximum - 2.38, the coefficient of variattoh5%, the standard deviation
- 0,12, range - 0,51, 10% percentile - 1,92, 90%edile - 2,21.

Indicator, that shows the production capacity atew network and the de-
gree of its use, is the intensity of the networding qos calculated according to
the formula [2, 3]:

os = Qy/L, [m*/(ckm)] )

where:
Qq — the average daily demand for water’/fth
L - the length of the water supply network, [km].

The intensity of the water supply network use irbaczow in 2003-2014
was lower compared to previous years (Fig. 3). Aigaest intensity of network
load was achieved in 2002 and amounted 773Adrkm) and the lowest
41,3 m/(d-km) in 2013-2014. The main reason for this situaimthe decrease
of water consumption. The value of the intensitythe# network loading in the
Podkarpackie region in the years 1995-2009 showedaeasing trend ranged
from 27,9 ni/(d-km) in 1995 to 66,8 M(d-km) in 2009 [11]. In Lubaczéw,
however, this indicator decreases over the yedms.nfain reason for such situa-
tion is mainly low density of buildings and low waiconsumption.
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Fig. 3. Intensity of water network loading in Lulzéav
Rys. 3. Intensywni@ obchzenia sieci wodoggowej w Lubaczowie

A significant relationship between the ratio o tmtensity of the water
network loading and the number of inhabitants pkemlof network in the period
of 2003-2014 can be noticed (Fig. 4).
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Fig. 4. The coefficients of the intensity of watetwork loading depending on the number of in-
habitants of Lubaczéw per 1 km of network

Rys. 4. Wspotczynniki intensywla obcizenia sieci wodoggowej w zalenosci od liczby
mieszkacoéw Lubaczowa przypadgjych na 1 km sieci

Slightly less dependence indicate variables 812302, when the intensi-
ty of the water network loading in Lubaczéw was mingher than in the fol-
lowing years. The coefficient of determination i$5392, which indicates
a strong relationship between the variables.



226 K. Pietrucha-Urbanik, A. Bernacka

Another indicator describing the water networkiestss the length of the
water pipes per unit area of the city. In the yeh895-2014 the area of
Lubaczéw remained unchanged and equals 26 km1995 the density of the
water supply system amounted to 0,88 knf/lamd increased by 26% in 2014 to
a value of 1,11 km/kf A sudden increase in the length of water supptyork
per 1 knf of the city area in 1998, of 12% compared to 198¥% caused by the
expansion of the water supply network.

Knowing the length of the water network, the numbiewater supply con-
nections per 1 km of water supply netwofk ¢an be determined according to
the dependence [2, 3]:

l¢ = N1, [no/km] 3

where:
n —the number of water supply connections,,[n0]
>'1, — the total length of the water network, [km].

The number of water supply connections in Lubacmdwhe years 1995-
2014 was shown in the Figure 5.
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Fig. 5. Number of waterworks connections in Lubacz6
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Rys. 5. Liczba przylczy wodociagowych w miejscowsti Lubaczéw

The number of water supply connections in Lubaczt®014 increased of
46,5% in comparison to 1995. The average numbeonhections was 1,721,
and the relative variation of individual values ahbed from the measured aver-
age variation coefficient, which reached 13%. Thkie of the dispersion of re-
sults equals 854 water supply connections at tkheoér20 years, shows a large
increase of water supply connections number in toba.
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The average value of water supply connectionslplem of water supply
network for Lubaczow was 65 no/km, while the difflece between the maxi-
mum and minimum is 21 no/km, which at the end ofy/8@rs shows a slight in-
crease of the number of water supply connectiond pen of the length of wa-
ter supply network in Lubaczow.

In order to assess the development of water supfsBstructure in cities of
comparable population the indicators of considevater network in Lubaczow
(with a population of 12517) were compared to tvedested cities of Pod-
karpackie Province: lmjsk (with population 14363) and Nisko (with popula
tion 15484). The characteristics was shown in Table

Table 1. The development of water supply infradtrresin cities of comparable population
Tabela 1. Rozwdj infrastruktury wodagowej w miastach o poréwnywalnej liczbie mieszb@w

g Y% (o8 . & :
X © (&) O FL
5 =2 O] @ a3 S0% | 2
22 |25, |E2T|se |85 | B8V 3o
5 238|852\ BE |jio|S:i|iln
S5 sSS| =2E2 | S | £5E|955| 58E
Parametrs| < © 5cl | aax | 5= s | o200 |5l
(S o =1 = = o £ ©.E < ~
5 = 225|258 | 2 So2| 28> 259
2s 286|522 | Go 50— | g25| 22E&
ES o< ge2| g3 82 | 255 |8
3 2§ |3s |9 =% |&=0 =
Lubaczéw | 1903 146,5 67 1,11 1,11 96 41,3
Lezajsk 1988 165,9 20 2,64 2,64 91 10
Nisko 2059 2079,8 37 1,71 1,71 77,7 21,3

The aim of the comparison of Lubaczéw with citedssimilar population
was to assess the impact of each indicator on gtervgupply infrastructure de-
velopment. Lubaczow is characterized by small dgveent of water supply
infrastructure, while L#ajsk, despite of a similar area and populatiorhesr&c-
terized by greater expansion of the water supptyork. In the years 1995-
2014 the number of population has been changigbtsliin Lubaczow, Leajsk
and Nisko. The large discrepancies in the growtkarfnections, as well as in
the length of the water supply network can be skahaczéw is characterized
by the lowest increase in the number of connectiotise analysed two decades,
however, the number of water supply connectionslgen of water supply sys-
tem in comparison with Nisko (8-30 no/km) andzéisk (36-44 no/km) is the
largest and is 57-78 no/km. It indicates small esen of Lubaczéw and domi-
nance of single-family houses. Lubaczéw is charaetd by the lowest increase
of the network length in comparison to the arethenyears 1995-2014. In 1995
Lezajsk had the highest rate of network density 1,88kkY and gradually in-
creased to a value of 2,64 km/kim 2014. Leajsk and Lubaczéw are similar as
far as type of building is concerned, butzisk is characterized by greater ex-
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pansion of single-family houses, as well as thgtlerof the water supply net-
work. A small length of water supply network pekr® in Nisko (0,15 km/krf)
in the early years of the analysed two decadeslanohcrease of 1133% to 2014
indicates that there are more multi-family houdasnt single-family houses.
Such situation allows to observe how significanpatt on the water supply in-
frastructure has a type of buildings in the givin.c

One of the most important indicators of the tecAhcondition assessment
of the network is the pipe failure rate, which denpresented as the failure rate
of the water supply network. It is calculated as ttumber of failures in pipes
that occurred in one km of pipeline during the valg time period. This de-
pendence is determined by the formula [8, 9]:

A= n/(L-At), [failure/(kma)] ¢

where:

n — a number of failures in the given time intédi [failure],

L — the length of the water supply network in siedied time intervat, [km],
At — considered time interval, [a].

In 2014 the failure rate of distributional pipeasr0,17 failure/(kra) and
thus it meets the requirements for failure ratethefdistributional pipes which
equals 0,5 failure/(kra) [7, 13].

In relation to Podkarpackie province Lubaczow &atightly higher level of
failure rate. For cities with a population of 100620 000 the failure rate of dis-
tributional pipes is 0,13 failure/(kiaj [13]. Mainly those failures occurred in the
winter season and were caused by longitudinal rmgverse cracks of pipes.

3. Conclusion

The technical condition of the water supply netw® not satisfactory,
which is the result, among others, of underinvestntereplacing old pipes and
years of negligence in maintenance and modernizatidhe network. More at-
tention is paid to the renovation and constructbmew wells, in order to re-
place depleted wells. It is recommended to renedvvater pipes or replace
them with the new ones in the future.

In order to minimize costs and improve the watgpty system the water
company recommended to develop the program of veatgsly system modern-
ization in the city, as well as the implementatidrihe project "Improving water
supply of Lubaczow inhabitants through the modextiin of hydrophone infra-
structure in Lubaczéw."

Conducting renewal and renovation of water suggtem is performed by
long-term strategy and its aim is not only to imgravater quality but also to
reduce the failure rate.
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ANALIZA STANU INFRASTRUKTURY WODOCI AGOWEJ NA
PRZYKLADZIE WYBRANEGO SYSTEMU ZAOPATRZENIAW WOD E

Streszczenie

W pracy przedstawiono charakterystykfrastruktury wodocigowej w Lubaczowie. Na-
stepnie sporadzono analig stanu infrastruktury wodaogijowej na podstawie zebranych danych
eksploatacyjnych. Wyznaczono wghkiki charakteryzujce infrastruktug wodociggowa w latach
1995-2014. W analizie wykorzystano rpstiace parametry: diugd sieci wodocigowej, liczte
przylaczy wodocigowych, zaycie wody, na podstawie danych uzyskanych z Giéwridgedu
Statystycznego za lata 1995+2014 [4]. Przyrost swedocihgowej w migcie Lubaczéw w rozpa-
trywanym okresie wyniost 125,8%, natomidstdni przyrost diugei sieci wodocigowej wy-
niost 0,3 km/rok, na jednego mieszka Lubaczowa przypadato 1,87-2,38 m sieci wagmoive;.
Wartas¢ intensywndci obcihzenia sieci wodoggowej w wojewddztwie podkarpackim w latach
1995-2009, w przeciwistwie do Lubaczowa miata tendegieyzrostows. Diugas¢ sieci wodo-
ciagowej przypadajca na jednostkpowierzchni wynosita 0,88 km/Kmw 1995 roku i wzrosta do
wartasci 1,11 km/km2? w 2014 roku. Liczba pragky wodocigowych prowadzcych do budyn-
kow mieszkalnych i zbiorowego zamieszkania wzrastéa299 szt. w 1995 roku, do waitd
1903 szt. w 2014 roku, wé przyrost wynosi 146,5%srednia liczba przyczy wodocigowych
przypadajcych na 1 km sieci wodagjowej w latach 1995-2014 wynosita 65 szt./km, nahsin
réznica pomedzy wart@cig maksymalg, a minimalm wynosi 21 szt./km, céwiadczy o niewiel-
kim przyrdicie tego wskanika.

Stowa kluczowe:infrastruktura wodogigowa, wskaniki rozwoju sieci wodoeigowej, wskanik
intensywndci uszkodz#, sie wodocihgowa
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