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ANALYSIS OF WATER SUPPLY INFRASTRUCTURE
STATE IN LUBLIN PROVINCE

In the paper the analysis of water supply infrastructure in Lublin Province was pre-
sented. We analysed the length of the water supply system divided into urban and
rural areas, also change of water supply system growth and the analysis of number
of connections to buildings over the studied years were presented. An issue of wa-
ter consumption for household purposes, for industry, agriculture and forestry, and
the operational needs of the water supply network, was also discussed. We ana-
lysed the percentage of the population using the water supply system and the indi-
cators of equipping individual cities and counties in water supply systems were
shown. The paper presents the analysis of the density of the water supply system in
relation to national conditions. Appointed indicator of failure rate of water supply
systems in the individual districts of Lublin province has an average reliability and
failure rate according to the criteria recommended in the study [7]. There was
a steady increase in the water supply system and related to it increase in invest-
ments. Significant changes that occurred in the field of water supply were the re-
sult of Polish accession to the European Union. After this accession Poland had to
meet certain requirements related to the functioning of environment protection in-
frastructure. Changes in individual parameters characterizing the water supply in-
frastructure fit with the national tendency.

Keywords: water supply, development of the water supply infrastructure, density
of water supply network, increase of water supply network

1. Introduction

The Lublin province covers an area of 25,000 square kilometres and takes
the third place in the country. The region is inhabited by 2 151 000 people, it
covers about six percent of the country. Province is located in the south-eastern
Poland and borders with Belarus by Brest circuit and Ukraine by Lvov and Vol-
yn circuits.
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The Lublin province has low population density, amied to 86 inh.km-2
in 2013, which in a scale of the country locatds ithe 12th place. The popula-
tion in the last decade decreased by three peesghthe natural increase over
the studied years is negative, as a result of innghigration and the fact that this
region is poorly industrialized. Poor industriatia causes that half of the re-
gion's population live in rural areas. The consdeprovince is divided into
4 city counties, 20 counties and 213 municipaljtiesluding 41 towns and 4116
villages [4].

The individual parameters associated with the sihtbe water supply are
subjected to constant changes, some remain atdyskevel or show a down-
ward or growing trend. Analysis of the developmehtural and urban areas in
Poland due to the changes in the field of wateplyuis the subject of many
studies [1-3, 5, 6]. Significant changes that ocsdiin this area were the result
of Polish accession to the European Union, aswtreswhich the country had
to meet certain requirements related to the funaiw of water supply infra-
structure. Polish accession to the EU structuregltedl in a significant increase
in funding, which undoubtedly contributed to thevelepment of water supply
infrastructure. Also performed failure analysis stitate the important step in
proper management of the water supply network [[7-12

The aim of this study is to analyse the infrastiietof water supply made
on the basis of statistical yearbooks compiled Hey Central Statistical Office
for the province for the years 1998-2013 and ferdhosen parameters of analy-
sis for 2015 [4].

2. Water consumption

Water sale in the cities of the Lublin provincethe last year of analysis
amounted to 84 400 Irwhich represents about 7,5% of water sales ircte-
try. The largest water sale took place in Lubli8,gdand), then at a similar
level of about 6 dafmare the following cities: Zamosc, Pulawy, BialadRaska
and Chelm. Low water sale occurred in the Frampdl Byszowce (0,1 dain
The large discrepancy between Lublin and othee<is due to the fact that Lu-
blin is the biggest city in the region, therefdaréas the largest number of inhab-
itants and the largest demand for water. The watiee for nf in the Lublin
province for 8 years increased by 0,81 zl and anealito 2,76 zl in 2013. At the
same time this price is 23% lower than the avepige per m3 of water in Po-
land.

Average daily water consumption in the region antedito 75 drid™inh™,
which is more than the average for the whole Polandbout 11 dfh The low-
est water consumption was recorded in the distatthelm (52 drid™inh™),
Hrubieszow (51 drid™inh™) and Zamosc (42 dhd™inh™).

Water consumption in the various districts of thélin province is shown
in Figure 1.
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Fig. 1. Water consumption in the various distraftshe Lublin province
Rys. 1. Zuycie wody w poszczegdélnych powiatach wojewodztwigelskim

In the last year of the analysis the inhabitantshefregion consumed for
living purposes 35% more water than in 1998, whadulted primarily from the
expansion of the existing water supply network aadnection of the new cus-
tomers to the public water network. Undoubtedly same trend in water con-
sumption through years is influenced by reducirgsés in water distribution,
installation of water meters, as well as the inseeaf the water price, which
contributes to saving. Also commercialization ofdefor water was the main
instrument of limiting water consumption.

Water consumption for the industry in the Lubliroyince in 2008-2010
showed a downward trend, in other years remainedcamparable level. The
percentage share of industry in the overall consiommf water in the Lublin
province during the considered period of time wasaverage, 32%. In the last
year of the analysis water consumption for induamounted to 140 000 ddm
Analysing the amount of water taken and consumedhi® agriculture and for-
estry in the period of 16 years it should be st#tatlit remained at similar level,
amounting, in last year of the analysis, to abd#4f the overall water con-
sumption (180 000 dafn On the other hand, water consumption for the sk
es of exploitation amounted to 70 000 dahower water consumption occurred
in rural areas, which was due to the fact thahin dities the water supply net-
work is constantly expanding and larger amounte/atier are used for techno-
logical purposes, such as, for example, washingjltees.
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3. Analysis of changes in the length of the wateupply network

The Lublin province is clearly differentiated inrmes of the access to the
network technical infrastructure considering urlaaud rural areas. In the years
1998-2013 the increase of the water supply netwak 65%, which means that
in the Lublin province the development of water @ypnfrastructure can be
assessed in positive way, in comparison to theageegrowth in whole Poland,
amounted to 34%. The largest increase of the vsaigply network in the Lublin
province was recorded in 2000, while the lowes2002. Within fifteen years of
the analysis the average increase in the netwoskbA48 km. Compared to other
regions it can be assumed that the Lublin provies@ose to the average growth
of water supply infrastructure. The most developnavince is Masovian where
the water supply system increased in 2013 by 26%peoed to 2005.

In the Figures 2 and 3 the increase in the wateplgwsystem in cities and
rural areas in the Lublin province was shown.

The length of the water supply system in urbansadeaing the considered
period increased by 420,2 km, which constituted®%,lof the increase of the
national network. The biggest difference compacethé previous year occurred
in 2007 and was 46 km, the smallest length of #iwvork in cities was built in
2011, only 19 km. The average increase of wateplgupetwork in the Lublin
province is 28 km per year.
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Fig. 2. Increase in the length of the watefFig. 3. Increase in the length of the water
supply network in cities in the Lublin prov-supply network in rural areas in the Lublin
ince province

Rys. 2. Wzrost dlugei sieci wodocigowe] Rys. 3. Wzrost diugei sieci wodocigowej
w wojewodztwie lubelskim w miastach w wojewodztwie lubelskim w miastach
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It can be noticed that the increase of the watgplsusystem at the
analysed time was linear and systematic, the gedagth of the network
occurred in the city of Lublin, with the amount %f,4 km, and the smallest in
Zamosc, about 40,2 km.

The detailed analysis showed that in the citieshwitss than 10 000
inhabitants (21 cities), the average length of ikevork was 27,7 km, in the
cities with 10 to 20 thousand inhabitants (10 sjtiehe average length was
51.8 km, in the cities with 20 to 50 thousand intaatis about 84.6 km and in
the cities with 50 to 100 thousand inhabitants &866.5 kilometres.

Taking into account the rural areas during the ictaned period the length
of water supply system has increased by 5700 kian i The average annual
increase of the water supply network length was B®) while in the whole
country it amounted to 4849 km.

In the Lublin province in the analysed period 5@ @w connections were
made, the average number of connections to ther wapply system amounted
to 3335 per year The largest number of new conmrestivas made in 2008 and
amounted to 8584.

With the increase of the water supply network langhd thus a greater
availability of water services, the number of streendposts decreased from
979 to 553, an identical downward trend was maneihiin the country, where
the number of street standposts decreased by 30854af. A similar situation
occurred in the rural areas of the Lublin provinicethe cities the number of
street standposts decreased from 570 to 278 ahe urban areas the number of
street standposts decreased from 409 to 275.

4. Density of the water supply network

In the analysed period the density of the watepklupetwork in the Lublin
province has increased from 69,6 to 81,9100 km? while the average density
of the country ranged from 78,6 to 92,0-k60 kni”. Taking into account all the
provinces, the largest density of the water sugpitem occurred in the Kuya-
vian Pomeranian province and amounted to 126 8 @&@nkm?. The lowest den-
sity was in West Pomeranian, 46.4 -k60 km. The Lublin province with
a density of 81,9 kri00 kni® is in 8th position among all the provinces in term
of the development of water supply infrastructu®é.course it should be re-
membered that cities because of their constructien more dense and have
smaller surface area and thus the water supplyanktis denser and longer than
in rural areas. Discussed dependence is showrgurds 4 and 5.
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Fig. 4. Density of the water supply network irfFig. 5. Density of the water supply network in
the rural areas in the districts of Lublin provincethe cities in the districts of Lublin province
Rys. 4. Gstas¢ sieci wodocigowej na obsza- Rys. 5. Gestas¢ sieci wodocigowej w mia-
rach wiejskich wojewddztwa lubelskiego stach wojewodztwa lubelskiego

In Poland, the average density of the urban watpplg network in 2013
was 297,6 knl00 km?and increased in the analysed period by 39,8 Génkni®.
The greatest density of water supply system incttyein 2013 had the Greater
Poland province (397,5 kD0 kni®), while the lowest had the Opole province
(200,5 km100 kni®).

The Lublin province in 2013 reached a density 06,28km100 kn#,
which means that during the nine years it incredse@9,5 kml00 kn¥, an
increase of 15,4%. The largest cities of the prowihave the following density
of the water supply network: Biala Podlaska (358100 kn®), Chelm
(499,1 km100 kmi®), Zamosc (451,1 krh00 kni®), Lublin ( 395,9 krL00 knd).

On the other hand, in Poland, the average dens$ityral water supply
network in 2013 amounted to 76,8 #1B0 km? and increased in the analysed
period by 11,3 knl00 km?. The greatest density of water supply in rurahare
in 2013 had the Kuyavian Pomeranian (114,316 kni®), while the lowest the
West Pomeranian and Lubusz (35-k@0 kni®). Rural areas in the Lublin
province in 2013 reached a density of 74-300 km? which means that in
16 years it increased by 29,5 410 km?, an increase of 38,5%.

The greatest density of water supply network iralr@reas were in such
districts: Pulawy (100,5 krh00 kni®), Lubartow (90,7 kni00 knid),
Krasnystaw (84,9 krt00 km?) and Radzyn (88,4 kih00 km?). Thanks to the
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means of financing the extension of water supply system takes place and thus the
density of the water supply network increases. Undoubtedly, increasing the
length of the water supply system in rural areas is a sign of their vast
modernization and socio-economic development.

5. The financial expenditure incurred on the constuction of wa-
ter supply infrastructure

In the Lublin province since 1998 the systematitréase of expenditures
on fixed assets for the construction of intakes a&ater supply is observed - to
the level of 69 million zl in 2013. Expenditures faxed assets for the construc-
tion and modernization of the water treatment plasrhounted to more than
13 million zl and were significantly higher than 2012. The largest expendi-
tures incurred in 2013 in the districts of Pulawd&iala Podlaska. They ac-
counted to 7,08% of the total expenditures for ¢bastruction of intakes and
water supply. Funds allocated to this type of itwesnt are shown in Figure 6.
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Fig. 6. Fixed assets for the construction and mudation of water supply infrastructure
Rys. 6.Srodki trwate przeznaczone na budperaz modernizagjinfrastruktury wodoeigowej

Almost half of all the investment assigned to watanagement was related
to new intakes and water supply infrastructureyvalt as the modernization of
the water intakes.

6. Population using the water supply system

In the last year of the analysis the overall percentage of the population using
the water supply network was approx. 82%, in the cities the access to water sup-
ply was 94% (in national scale in the cities this value was 95%) and in rural are-
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as 72% (in national scale in rural areas it was )/ Sitice 1998, there was an
increase of people using the water supply systethdrcities by 10%, while in
case of rural areas by 16%.

The largest availability of water supply systenthe remaining provinces
was: Opole - 94,6%, West Pomeranian - 93,7%, Sile€i3,6%, Pomeranian -
93,1% and Great Poland - 93,1%. Taking into acctimmtdevelopment of the
water supply system in the whole country, an ineeeaf the population using
the water supply during considered period was 4B6lewn the Lublin province,
this indicator increased by 7%.

The degree of equipping individual districts witlater supply systems is
shown in Figure 7.

Biafa Pc%ska (city)
Biala Podlaska

Zamosc (city) Inhabitans using public water
supply system in %
53-62
62-71
71-79
79-88
lss- 97

Zamosc

Tomaszow Lub.

Fig. 7. The indicator of equipping individual dists
in the Lublin province with water supply systems

Rys. 7. Wskanik zwodocigowania poszczegoélnych po-
wiatow w wojewodztwie lubelskim

The highest level - 91,1% - of the use of the watgply is in the county
Bilgoraj. The lowest indicator is in Hrubieszow tdist (59%), but in this county
there was the greatest increase in the numbereo$ o$ the water supply system
in the last ten years. The detailed analysis shotvatl the highest degree of
equipping with water supply systems in 2013 had dig of Leczna and it
amounted to 99,1%. The lowest degree was in tlyeofiBiala Podlaska, on-
ly 86%.
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7. Failure rate of the water network

To evaluate the technical condition of the watewoek the indicator of
failure rate is used, which is calculated as thetignt of the number of failures
in relation to the network length within one ye@y. [

The failure rates of the water supply networkha various districts of the
Lublin province for obtained data, including watlistribution network, were
presented in Figure 8.
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Fig. 8. The failure rates in different districtstire Lublin province

Rys. 8. Intensywni&@ uszkodzé w poszczegélnych powiatach
wojewodztwa lubelskiego

Criteria values of failure rate of water supplytwerk were given in the
paper [9]. Low failure rate is identified with thailure rate of less than
0,1 km*-a", the average failure rate means the failure rat@ D,1 to 0,5 k- &,
and the high failure rate is higher than 1. Theaye failure rate determined for
the whole province was 0,21 Kra®, which classifies the water supply network
of the region as the average reliability.

The detailed analysis showed that in 42% of distrihe water supply sys-
tems have low failure rate, while 8% are the watgpply systems with high
failure rate, so it can be concluded that the erathwater supply networks are
in good technical condition.
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8. The degree of equipping with water supply netwds

The degree of equipping with water supply netwadskexpressed, for ex-
ample, by the length of the water supply netwonkgres recipient. The length of
the water supply network per one user of the puliéter supply systems in the
individual districts is shown in Figures 9 and T@e highest value of this indi-
cator have Biata Podlaska and Chelm districts, 2ar& 23,62 m per one recip-
ient, respectively. The lowest value of this inticehave Swidnik and Pulawy
districts, 9,35 and 9,67 m per one recipient, retbpaly.
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Fig. 9. The indicatorof the greatest length « Fig. 1C. The indicatorof the smaest lengtt
the water supply network per one recipient inf the water supply network per one recipient
the districts of Lublin province in the districts of Lublin province

Rys. 9. Wskanik z najwiksz diugascia Rys. 10. Wskaznik z najmniejsg dtugdici
sieci wodocigowej przypadajca na 1 obstu- sieci wodocigows przypadaicej na 1 obstu-
giwanego w powiatach wojewodztwa lubelgiwanego w powiatach wojewddztwa lubel-
skiego skiego

The indicator of equipping with water supply netlwvoemains in close rela-
tion with the ratio of the use intensity of netwaguipment, defined as the ratio
of annual water sale to the length of the wateplupetwork [3]. The average
daily water sale per 1 km of distribution network the Lublin province is
7,28 m-d™km'™’. The usage rates of water supply network in th@ua districts
of the province of Lublin are illustrated in Figarg and 10.
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The highest indicator have districts of Pulawy,1at-d™km™), Swidnik
(10,1 ni-d™km™), Krasnik (9,7 md*km™), Lukow (9,1 nid*km™), Bilgoraj
(8,4 m-d™km™) and Ryki (7,8 md™km™). The lowest rate of equipping with
the water supply systems is in districts of Che88 (n7-d*-km™), Biala Pod-
laska (4,4 md™km™), Hrubieszow (4,7 fdkm™), Zamosc (4,8 fhd®km™)
and Parczew (4,9 fa'-km™).

9. Conclusion

The performed analysis of water supply infrastrietwonfirmed the
positive changes in its development, which undalliptervas associated with an
increase in the length of the water supply syst&hich in the Lublin province
in the last fifteen years was 8089 km, while in ditees about 420 kilometres.
Also it is worth to note that only in the last sigars in the Lublin province the
level of the access to water supply system inctehgealmost 10%, which now
places this province in the seventh position incinentry.

Also the positive changes have occurred in incngpiie level of equipping
the settlement units with water supply network #ng increasing the access to
the water supply network ta level comparable with the level of the country.
The development of municipal infrastructure, inohgd water supply and,
subsequently, sewerage, causes the desired ecoafigtts, and, consequently,
also social effects, so it is very important to emake new investments to
improve the functioning of the settlement units.
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ANALIZA STANU INFRASTRUKTURY WODOCI AGOWEJ
W WOJEWODZTWIE LUBELSKIM

Streszczenie

W pracy przedstawiono anajianfrastruktury wodocigowej w wojewodztwie lubelskim.
Analizie poddano dlug@ oraz gstas¢ sieci wodocigowej w podziale na tereny miejskie oraz
wiejskie, zaprezentowano réwaigmiare przyrostu dtugéci sieci wodocigowej oraz analiz
liczby przyhczy prowadgcych do budynkéw na przestrzeni badanych lat. Rons rownie
kweste zuzycia wody na poszczegolne cele gospodarczo-bytpatzeby przemystu, rolnictwa
i lesnictwa oraz cele eksploatacyjne sieci wogdgoivej. Przeanalizowano procent ludoidkorzy-
stajcej oraz pokazano wskaiki zwodochgowania poszczegoélnych miast i powiatéw. W pracy
przedstawiono tale analiz gestasci sieci wodocigowej w odniesieniu do warunkow krajowych.

Wyznaczony wskanik intensywndci uszkodzé sieci wodocigowych w poszczeg6inych
powiatach wojewddztwa lubelskiego charakteryzujesidnia niezawodnécia oraz awaryjnécia
wedtug kryteriéw zalecanych w opracowaniu [7]. Zsefvowano systematyczny przyrost sieci
wodocihgowej oraz zwjzany z tym wzrost naktadéw inwestycyjnych. Znaczmeiany, ktory
zachodzity w zakresie zaopatrzenia w wdmyty wynikiem akcesji Polski do Unii Europejskiej.
Wskutek czego pestwo polskie musiato spethokreslone wymagania zwezane z funkcjonowa-
niem infrastruktury skzcej ochroniesrodowiska. Zmiany poszczeg6inych parametréw charakt
ryzujacych infrastruktug wodochgows wpisup sie w tendengj krajows.

Stowa kluczowe:wodochgi, rozwoj infrastruktury wodoggowej, gstas¢ sieci wodocigowej,
przyrost sieci wodoggowej
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