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STATE OF WATER SUPPLY INFRASTRUCTURE
IN THE SUBCARPATHIAN CITIES

The characteristics of equipping the Subcarpathiranince cities with water sup-
ply infrastructure was made on the basis of dalizeted from the Provincial Of-
fice, Statistical Office, reports submitted by watempanies regarding the func-
tioning of water supply infrastructure and litergwata. The indicators character-
izing water supply infrastructure were determinedthe years 1995-2014. In the
paper the indicators of equipping cities with watepply systems were presented.
Also water consumption and changes in the lengtth@fvater supply network in
the cities of the Subcarpathian Province were emachi The analysis shows that
the water consumption for the years 1995-2014 dsea by almost 6 fiyear-1
per capita. The reason for such situation wasnbeeasing price of water and the
ecological awareness of the inhabitants of the &utathian region. In the last
year of the analysis the water supply system iramréreas of the Subcarpathian
province was used by 95% of the population andcéonparison, in rural areas by
77% of the population. In the paper also changgsiges for water in the Subcar-
pathian region were shown, on the basis of data fiee water tariffs in individual
water companies. The important element of urbarldgwment is the technical in-
frastructure which reduces the investment costse Tetermined indicators
of equipping cities with water supply systems stawupward trend in the devel-
opment of technical infrastructure. Based on theatpmal data from the water
companies the failure rates in selected water supgtivorks were determined.

Keywords: water consumption, water supply, water price, teeetbpment of wa-
ter supply infrastructure, water network failure

1. Introduction

The Polish accession to the European Union cornétibto the systematic
development of the technical infrastructure, whrelsults in the increase of
technical infrastructure level, especially in leeveloped areas, including small
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towns. In recent times the significant changes cated with the development
of water supply infrastructure can be noticed, WHiad a significant impact on
developing water supply network, what is indicatedumerous works [2-8].

People always seek to improve their living standgard different areas
of life. Undoubtedly one of the factors contribigtito the improvement of living
standards is a level of development of water supphastructure. Access to tap
water will not only increase living standards, lago contributes to the attrac-
tiveness of the property, the development of newestments in given region
and excludes the additional costs of investmertedhnical infrastructure [10,
11]. Water supply through collective water suppygtem should meet certain
requirements, related, among others, to the quality the appropriate pressure
of delivered water.

The Subcarpathian Province was established in 188%r the act on
a three-tier administrative division of the countthrough connecting three
provinces: Rzeszow, Przemysl and Krosno and p&aamow and Tarnobrzeg
provinces. Subcarpathian covers an area of 18,080adbout 6% of Polish terri-
tory and is inhabited by 2,129 million people (appr5,53% of the Polish popu-
lation). Cities are inhabited by 41.35% of the ltqgapulation. The analysis
of the age and material structure of water supp$tesn, depending on the size
of the water supply system in Subcarpathian, wasgnted in the paper [1].
The oldest water supply pipelines are located fiesiwith more than 20 thou-
sand residents, most pipes are over 26 years blite ®0% of all pipes are less
than 25 years old and are in cities with 5 to lfusiand residents. In the con-
struction of water pipes dominate material of PH &VC, in the large cities
appears grey cast iron, previously used for coostry water supply systems,
constituting 51% of the mains and 18% of the distibnal pipes [1].

Ensuring proper level of water supply infrastruetaevelopment is an im-
portant factor in economic development in accordawith applicable regula-
tions.

2. Equipping cities of the Subcarpathian province vth water
supply networks

In recent years there has been a significant iserégathe length of water
supply network in individual cities of the Subcatpan province. It is due to
rapid expansion of cities and increasing livingndds. The increase in the
length of the water supply system in urban aredlsdryears 1995-2014 amount-
ed to 182% and for the whole Subcarpathian to 19éfpprox. 1300 km).
As a point of reference it was assumed that in 1885 total pipe length
was 100%.

The characteristic values related to the degresqoipping cities with water
supply networks, depending on the number of inhatst are presented in Table 1.



State of water supply infrastructure... 435

Table 1. The average length of water supply netyarkone inhabitant in the cities of the Subcar-
pathian province in 2014

Tabela 1.Srednia dtugé¢ sieci wodocigowej przypadagcej na jednego mieszkea w miastach
wojewddztwa podkarpackiego w 2014 roku

Number of urban residents
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Length of water supply network A A
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With the increase of the water supply network lartge number of connec-
tions to buildings also increases. In the last yharnetwork length falling per
capita amounted to 3,25k, whereas the length of the water supply system
per unit area was 25,01:ma (Fig. 1).
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Fig. 1. Summary of the average length of water Bupetwork per unit area and corresponding to
it density of population in the cities of the Sulpathian region in 2014

Rys. 1. Zestawieniéredniej diugéci sieci wodocigowej przypadafgej na jednostk powierzchni
oraz odpowiadafej im g:stcsci zaludnienia w miastach wojewoddztwa podkarpackied014 roku
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Both, the indicator of equipping with water supply network and the
indicator of water use, are very useful in performing the analysis of prices and
costs associated with the construction and the use of water supply network in
cities with different numbers of inhabitants [3, 4]. The cities of with the longest
length of the water distribution network in 2014 included: Rzeszow (536,9 km),
Krosno (184,9 km), Tarnobrzeg (177 km), Mielec (170,3 km), Jasto (151,3 km),
Przemys$l (149,7 km), Degbica (134,2km), Nisko (104,2km), Jarostaw
(103,6 km) and Sanok (100,1 km). For comparison, the cities with the shortest
length of the water supply network included: Kotaczyce (4,1 km), Iwonicz Zdroj
(4,4 km), Nowa Sarzyna (5,7 km), Lesko (6 km), Narol i Cieszanow (7,7 km),
Dukla (9 km) oraz Oleszyce (9,1 km).

A clear indicator for describing the operation of water supply systems is the
intensity of network load which can be determined as the average daily demand
for water by the length of water supply network. In the cities of the
Subcarpathian province it was 26,25 m*-d'Rm™ (fall from 65,79 m*-d'Km™" in
1995), in comparison in rural areas it was 5,65 m*-d'®m™! (Fig. 2).
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Fig. 2. Summary of the intensity of water network load umat areas and in the cities
in the years 1995-2014

Rys. 2. Zestawienie intensywstd obcihzenia sieci wodoggowej na obszarach wiej-
skich oraz w miastach w latach 1995-2014

Analysis of the dependence between number of itduatisi per 1 km of wa-
ter supply network in the cities of the Subcargathiegion and the intensity
of the network load showed an obvious correlatib6@%, confirming that the
more residents the higher indicator of the intgndly using this dependence,
the level of water losses in the water supply systan be specified and the as-
sessment of state of water supply in the given citywpared to similar water
supply systems, can be made.
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3. Water consumption in the cities in the Subcarpdtian region

The greatest impact on water consumption in houdshwad the number
of residents. Over the years, this dependence hasged depending on the
equipping households with water facilities, suchdehwashers, washing ma-
chines, fittings. In recent years, a significantréase in water consumption,
caused by the increase of water price and the fugater saving equipment, is
noticed. The average consumption of water in citesied at the level
20,04-27,2 mM?1.rok. Such fluctuations in the levels of water constampin
cities are caused by rising prices of water andeimging operating costs of the
whole water networkiHabits of residents vary from year to year, whitdoae-
sults in fluctuations in the value of indicatorswadter consumed by residents for
the living purpose. Changeability of the water agnption is also affected by
other factors not directly related to human aadgeit such as seasons, holidays
and temperature differences.

Different values of the indicators showing the o$avater supply network
in the cities of the Subcarpathian province areafritbe causes of differentiated
prices for water in rural areas and in the citielse analysis shows that in the
cities with a population of more than 100 000, wWster consumption is signifi-
cantly lower than in the small towns of less thath&usand residents (20 cities
with an average water consumption per capita of 25 M*-rok?). For the
14 cities with a population from 5 to 10 thousaiie average water consump-
tion was 20,56 fM?-rok?.

With the increase in the development of water sppgrastructure in the
Subcarpathian province cities the water consumptieareased. One of the
reasons of such situation is the water price. Matigs explains the increases in
water price by the significant investment of thigaatructure. The Constitutional
Tribunal ordered the Members of the Polish Parlisne clarify the calculation
for water charges. Considering the water price,sRae, the largest city of
Subcarpathian, ranks at the seventh place in tr@lenmtountry, with a gross
price of 4,28 z3. While the detailed analysis showed that in the yastr of
analysis the highest water prices are, among qgthretke following cities in the
Subcarpathian province: Rudnik nad Sanem - 9,5683%4Zag6rz - 8,95 a3,
Sieniawa — 8,59 zh?3 Kafnczuga - 8,56 a3, Cieszanéw - 7,73 h3
Pruchnik - 7,59 zin®, lwonicz Zdr6j, Narol - 6,59 a3 Dynéw - 6,65 zm?3,
Radymno - 6,59 zin3. In turn, the lowest prices occur in Lubaczéw $2z2m ),
StalowaWola (2,37 a3, Sokotéw Matopolski ( 2,75 ah3), Ropczyce
(2,83 ztm®), Lezajsk (2,93 zim3), Mielec (3,25 zin®), Btazowa (3,26 zn®),
Lesko (3,45 zm?3), Jasto (3,55 zin®), Debica (3,62 zm?®). The water
consumption in big cities is influenced by the watgce, in small towns with
up to 5,000 residents the price of cold water pet i$ higher than the price of
water in cities with over 100 000 inhabitants, whig presented in Table 2.
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Table 2. The average net price peffwater in the cities of the Subcarpathian progiin 2014
Tabela 2Srednia cena netto za 2wody w miastach wojewddztwa podkarpackiego w 2@k

Number of urban residents
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Total number of cities 20 14 7 6 1 51
Srednia cena za wednetto), zim3 | 5,81 4,49 3,11 4,20 2,40 3,96 4,00

Water consumption for various purposes in the gitiethe Subcarpathian
province varies throughout the period of analysikich in case of individual
sectors of the economy is due to economical watdrs@wage management in
industrial plants, so the introduction of closedevaircuits, the recession of the
economy and the closure of unprofitable (often watesorbing) industrial
plants, as well as the environmental protectioruireqnents, which force the
industrial plants to use the environment friendéghnology. The water con-
sumption for industry underwent fluctuations thrbagt the analysed period, in
the last year of analysis it amounted to 19302 %infthe average increase of
22% compared to the first year of the analysighil@r situation occurred in the
case of water used for agriculture and forestrgpie large fluctuations in water
consumption, the average increase in the last gfeanalysis was 40% and the
water consumption in 2014 amounted to 422223%mOn the other hand, the
consumption of water for the operation of the watguply network has fallen to
value of 60627,2 daha!, a decrease of 17%.

4. Percentage of people with access to water supmigtwork
in the cities of the Subcarpathian province

With the increase in population, urbanization aast feconomic develop-
ment the demand for water increases. In the |aat gleanalysis the indicator of
the access to water supply network was 96.8%. Tiasea significant increase
in number of people who use the water supply systecomparison to 1995
when the indicator was 84%. The cities where almi68% of people have the
access to water supply network are: Przectaw, Bekptubaczow, Nowa éba.
In Sieniawa, Glogéw Matopolski, Iwonicz-Zdrgj, heut, the access to the water
supply network had 99,95%. The cities with the $esalnumber of the popula-
tion having access to water supply network werend@y (44,01%), Rymanow
(4,48%), Jedlicze (54,49%), Radymno (58,64%), Rudm San (67,23%), Nis-
ko (77,73%), Strzxow (78,29%). Providing the residents safe watercmn-
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sumption is not an easy process and requires a lavglvement of operators in

the efficient management and, among others, thevedion of old water pipes.

The reason for the connection to a public municypaler supply system even
the smallest households, that often have individualerground water well, can
be depletion of small water sources which can diecaused by weather condi-
tions or improving the material conditions of tlesidents. More and more new
housing estates and houses are being built inutsekids of cities, which affects

the need to build new water supply networks.

5. Failure frequency of water supply network

In the figures 3-4 the number of failures that ooed in the distributional
pipes were summarized, referring the number ofifed to the length of the wa-
ter network [9]. Eight water supply systems wergidguished in Subcarpathian
Province with different population: 6 thousand desits (a), 47 thousand resi-
dents (b), 47 thousand residents (c), 67 thousesidants (d), 181 thousand res-
idents (e), 40 thousand residents (f), 113 thousandients (g) (the available
data concern only distribution network), 18 thousagsidents (h), 62 thousand
residents (i).
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Fig. 3. The failure rate for the distribution netkdr
Rys. 3. Zestawienie wskaika intensywnéci uszkodzé dla przewoddw rozdzielczyctr
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Fig. 4. The failure rate for the water connectidns
Rys. 4. Zestawienie wskaika intensywnéci uszkodzé dla przyhczy wodocigowychAp

The values of failure rates for distributional Epe slightly differ from the
criteria values proposed in the studies [12]. Fatewsupply connections the fail-
ure rates are at a satisfactory level. The detatedysis of failures showed that
the failure rate for water supply connections steodownward trend. In the last
year of analysis in selected cities the valuesadfire rates for the distribution
network were as following: 0,16 kha! (e), 0,38 kmt-a? (c), 0,375 krt-a! (d),
0,19 kmt-a? (f), 0,18 km-a* (e) and remained at a satisfactory level.

6. Conclusion

The decrease in water consumption was mainly dukd rising price of
water, as well as increasing environmental awarerdspeople, who, for
several years, pay more attention to the ecologyvdr water consumption
makes it difficult to conduct the forecasting of teasupply. However, in
order to reduce the consequences of changes i gagdity in the network,
due to extension of the time of water flow, the pamies take various coun-
termeasures, including, among others, the rinsing/ater supply network.
Larger water consumption for rinsing the water symystem contributes to
the increase in production costs and charges foenvgervices.
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The rapid development of water supply infrastroetin the Subcarpa-
thian region encourages investors to make new tmests. The significant
expansion of water supply infrastructure in thaesitof the Subcarpathian
province occurs due to the connecting the adjaaezds to the cities and the
expansion of existing cities or building the newesnso connecting the new
buildings to the water supply network.
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STAN INFRASTRUKTURY WODOCI AGOWEJ MIAST
WOJEWODZTWA PODKARPACKIEGO

Streszczenie

W pracy przedstawiono charakterystylyposaenia miast wojewddztwa podkarpackiego
w infrastruktue wodocikgowa, sporadzomy na podstawie analizy danych zebranych zethnz
Wojewddzkiego, Banku Danych Lokalnych Wdo Statystycznego, sprawozdsktadanych przez
przedsgbiorstwa wodoeigowe dotycacych funkcjonowania infrastruktury wodagowej oraz
danych literaturowych. Wyznaczono wsgkii charakteryzujce infrastruktug wodocihgows dla
lat 1995-2014. W pracy omoéwiono wskiki zwodocigowania wojewddztwa podkarpackiego.
Dokonano réwnig analizy zuycia wody oraz zmian dtugoi sieci wodocigowej w miastach
wojewddztwa podkarpackiego. Z przeprowadzonej apaliynika, ze zuwycie wody na przestrze-
ni lat 1995-2014 spadio o niemal 6-rok?! na jednego mieszkaa. Na przyczya takiej sytuacii
miata rosaca cena za wadoraz swiadoma¢ ekologiczna mieszke6w wojewodztwa podkar-
packiego. W ostatnim roku analizy z sieci wodgowej na terenie miast wojewddztwa podkar-
packiego korzystato ponad 95% miesm@v w miastach, a dla poréwnania 77% procent na ob-
szarach wiejskich. W pracy przedstawiono rowraealiz zmian cen za wadna terenie woje-
wodztwa podkarpackiego na podstawie danych pocjoydh z taryf optat za wadw poszczegol-
nych przedsbiorstwach wodoagowych. Wanym elementem rozwoju miast jest uzbrojenie
w infrastruktue techniczi, co wplywa na obienie kosztéw realizacji inwestycji. Wyznaczone
wskaniki zwodochgowania miast wojewodztwa podkarpackiego wykazenpdena wzrostova
w zakresie rozwoju infrastruktury technicznej.

Stowa kluczowe:zuzycie wody, wodogigi, cena wody, rozwoj infrastruktury wodggbwej
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