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Abstract: On the territory of Vojvodina in the period from 1969 to 2010 78 boreholes
were drilled for the purpose of finding thermal mineral water. Serbian part of Banat
in Vojvodina has 18 boreholes, most of which in the municipality of Kikinda (six).
All boreholes reach first hydro geological system. The geothermal gradient in the
municipality of Kikinda is in the range of 0.052 to 0,057°Cm-1, and the density of
terrestrial heat flow is of 94 mWm-2 to 105 mWm-2, which is significantly more than
in the area of the continental part of Europe. Thermal mineral waters in the wells
in the municipality of Kikinda are hypothermal, with favorable mineralization, pH
and salinity, which enable various possibilities of use. The waters have been used for
heating needs of business premises and pig farm. However, in addition, water can
be used in balneological purposes, for sports and recreation, agriculture, industry.
Thermal mineral water found in the municipality of Kikinda can have a huge part
in regional development, but also attract investors from our country and abroad.
However, financial and administrative problems are just some of the restrictions
when creating or implementing studies for the use of thermal mineral water in the
municipality of Kikinda.
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Introduction

A huge amount of heat energy is accumulated in the outer ten kilometers of
the earth’s crust (Nakomcic-Smaragdakis et al., 2016), which could be used and
meet the needs of mankind for thousands of years. Only a small part, and only
in certain areas, can be used because of its diffuse spreading. Zones on Earth
with great geothermal potential, are related to the phenomena of volcanism and
active seismic areas, that it to the peripheral zones of continental plates (Bubalo
and Bogdanovi¢, 2000). In such zones water vapor and high thermal waters are
frequent occurrences. Beside these areas, to obtain thermal mineral water of
lower temperature, interesting areas are deep sedimentary basins, such as the
Pannonia Basin, which geologically belongs to the whole Vojvodina (Aksin and
Milosavljevié, 1982). Geothermal energy is a form of renewable energy sources
(Ivi¢ et al., 2002) and is considered environmentally clean (Luki¢ et al., 2014). The
consumption of renewable energy has a significant impact on economic growth,
especially in those countries that do not have oil reserves (Kocsis et al., 2015).
The use of thermal mineral water, or water vapor and hot water, for energy
purposes (called geothermal energy) is driven by the energy crisis and the un-
even distribution of conventional energy resources in the world. The first use
of geothermal energies are related to the production of electricity in Italy, New
Zealand, USA, Mexico, Japan, Iceland, Russia and others (Milosavljevi¢, 1994).

Serbia is very rich in thermal mineral waters which represent its natural and
national treasure. Many of them are used for centuries, mostly in balneology. In
terms of the number, diversity and quality many mineral and thermal waters are
very rare in the world (Belij and Belij, 2009). On the territory of Serbia there are
natural thermal mineral springs that are among the hottest in Europe (Vranjska
spa - over 100 °C, Josanicka spa - about 78°C, Sijarinska spa 72°C) (Radicevig,
2008) but these waters are insufficiently used in Serbia.

Mineral and thermal waters in the territory of Serbia, and the Pannonia
Basin, have been known since the Roman period. The first scientific knowledge
of the geological structure and hydrological conditions date from the 19th cen-
tury which were performed by geologists in Hungarian state institutions. It is
precisely in the area of Banat where the first drillings of artesian wells were
done in the mid 19" century (Pavli§ near Vrsac, Banatski Karlovac, Alibunar,
and then near Zrenjanin). Artesian wells were drilled for water supply. Many
of the wells gave hot water which was used in the public baths or spas (Tomi¢,
2013). In Vojvodina, there is a relatively small number of spas because they
were built near the natural mineral springs, which were few in Vojvodina. Only
in the second half of the 20th century (from 1949), with the improved techniques
of deep drilling, and especially thanks to the drilling of oil and gas (Pasi¢, 2010),
numerous sources of thermal mineral water were discovered in Vojvodina. In
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the period from 1969 to 1996, 73 hydrothermal boreholes were drilled of 62,678.6
m total depth. Drilling was financed and implemented by NIS - Naftagas (now
the company that bears the name of the NIS - Gazprom Neft, as the majority
owner of the company is in Russia). Most drilling was done in the 1980s when
45 boreholes were drilled of 34,840 m total depth. In the period since the nineties
the number of drilling for these purposes has been symbolic (only 5), so today
there is a total number of 78 boreholes (PSEMR, 2010).

The deepest borehole, of 2520 m, of the total number of 78 boreholes in
Vojvodina, is in the Banat near the village of Vrbica (north of Kikinda), which
has the warmest water (82°C). The borehole in Srpska Crnja has a slightly lower
water temperature (75°C), which is located south of the municipality of Kikinda
(Tomi¢ and Romeli¢, 2000). In other boreholes the water temperature ranges
from 20°C to 72°C. In most boreholes the temperature is about 30 and 40°C.

On the territory of the municipality of Kikinda there are six boreholes that
have given positive results, i.e. they contain thermal mineral waters which may
have wider use. However, decades have passed since the time of drilling and
obtaining thermal mineral water in the municipality of Kikinda, and the waters
were barely used. The authors have done analysis of the terrain of the wells in
the municipality of Kikinda, analysis of thermal mineral waters and gave some
solutions what thermal mineral water could be used for in the municipality of
Kikinda.

Position of the study area

The municipality of Kikinda is situated in the north of Serbia, in the north-
eastern part of the province of Vojvodina, in the territory of Serbian Banat. Banat
is one of the three territorial integrities of the province of Vojvodina (Banat,
Backa and Srem). In the west its border is the Tisa, in the south the Danube while
the borders to the east (with Romania) and north (with Hungary) are intersected
with lowland (fig. 1).

The position of the municipality of Kikinda in Vojvodina and in the context
of Banat is peripheral. This position was created by drawing the state border
with neighboring Romania after World War I, in 1918. The municipal center
itself, the city of Kikinda, was developed in a substantial triangle whose vertices
are the cities of Szeged, Timisoara and Zrenjanin. Kikinda, although it borders
with Romania, in the last decade has not had an open state border crossing with
Romania, which was a problem for the population of the settlements which are
in the bordering parts of the two countries. State border crossing Nakovo-Lunga
was closed in 2004 due to the introduction of visas for citizens of Serbia during
the process Romania’s integration into the European Union. Since November
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2014, after eleven years, the state border crossing Nakovo-Lunga was reopened.
The opening of the border crossing has contributed to improving the situation
of the municipality of Kikinda, the transport of passengers and goods on both
sides, shortening the time of travelling from Kikinda to Romanian cities. The
improved situation of the municipality of Kikinda with the opening of the bor-
der crossing Nakovo - Lunga should be utilized and it could significantly affect
the economic prosperity of this municipality. This and the exploitation of the
sources of thermal mineral waters, which are in the territory of the municipality
of Kikinda, could have a significant impact on the economic development of the
area.
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Figure 1. Position of the Municipality of Kikinda in Banat

Material and Methods

The research area is an area of the northern part of Banat i.e. the munici-
pality of Kikinda, where there are six boreholes with mineral water that can be
used. Kikinda belongs to the region of the Pannonian Basin, one of the six hydro
geological regions on the territory of Serbia (Kruni¢ and Soraji¢, 2013).
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The municipality of Kikinda has the largest number of thermal mineral
water boreholes within one municipality in the area of Banat. From a total of 18
wells drilled in the period from 1969 to 2010 on the territory of Banat, six of them
are in the municipality of Kikinda. The boreholes are mainly located near set-
tlements or within the settlement (Mokrin, Kikinda and Banatsko Veliko Selo).
One borehole is south of the village Mokrin, two are in the vicinity of the town of
Kikinda, one south of it, while two borehole in the village Banatsko Veliko Selo.
Of these six boreholes, the water borehole in Banatsko Veliko Selo has been used
for the longest period of time. The other borehole in the village was conserved
immediately after drilling and water testing. The borehole in the village south of
Kikinda was also conserved. The other two in Kikinda are out of use, as well as
the borehole near Mokrin.

With the help of NIS Gazprom Neft, and the Department of Hydrogeology
of the Faculty of Mining and Geology in Belgrade and the Geological Institute
of Belgrade, the authors have come up with the necessary data on physical and
chemical characteristics of thermo-mineral waters in the municipality of Kikinda.
The method of the analysis of the geographical area was used for the assessment
of the benefits of the position and physical-geographic characteristics of the
municipality of Kikinda because of the different possibilities of using thermal
mineral water. A modern hydro geological calculation of Thermal Capacity was
used in the study with the formula (1) (Joksimovi¢ and Pavlovi¢, 2014)

CAP (MWt)=FR__ (kg/s) * (inlet temp. (°C) - outlet temp. (°C)) *0,004184 (1)

where CAP - thermal capacity and (MWt), FR - flow rate (kg/s).

The heat flow density was also analyzed, which represents the amount of
thermal energy that comes every second through an area of 1m? from the Earth’s
interior to its surface. The calculation is based on the average geothermal gra-
dient and average thermal conductivity of the sediments in locations of hydro
geothermal boreholes, which are 1.6 Wm™ °K for clay and marl, and 2.8 Wm™ °K
for limestone, sands, marls and shale (Milojevi¢, 1989). The obtained values are
similar to values in the neighboring area of Hungary (PSEMR, 2010). The heat
flow density is calculated using the equation eq. (2)

q=hx"— )

Z3TE;

where is q - heat flow (mWm?), A - thermal conductivity (Wm™ °K), T, - tem-
perature at a depth z T, - temperature at depth z,, z, - the depth at which the
temperature was measured T, (m) and z, - the depth at which the temperature
was measured T, (m).

Geothermal gradient and heat flow density are presented on maps with the
method of isoline.
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Data on physical and chemical characteristics of thermal mineral water in
the municipality of Kikinda were obtained from NIS Gazprom Neft (formerly
Naftagas) that made the testing and drilling of the terrain. Information about
the former state and purposes of boreholes were obtained in an interview with
experts (geologists, hydro geologists) who worked in the field during the study.
The possibilities of using thermal mineral water in the municipality of Kikinda
was concluded on the basis of field research, interviews with experts and the
authorities in the municipality, as well as on the basis of research in literature.

Discussion

Hydro geologic features of the study area

On the territory of Vojvodina, including the territory of municipality of
Kikinda we distinguish four hydro geological systems. Each system is character-
ized by specific lithological, collector, geothermal, stat graphic and hydro chemi-
cal characteristics (Udicki, 1985).

The first hydro geological system includes sediments from the surface of the
terrain to the upper shelf pier, in other words, quaternary sediments, paludian
and upper shelf pier. It has been developed on the entire territory of Vojvodina,
except Fruska Gora and Vrsacke hills (Mileni¢ et al., 2014). In lithological terms,
its system is made up of different colored clays, sands of different grain-size com-
position, gravel, coal and sandstone interlayer (Tomic¢ and Romeli¢, 2000). On the
territory of Kikinda this hydro geological system is well developed. It is char-
acterized by relatively large thickness (about 1,500 m), a large number of sandy
horizons, large reserves of water, good yield boreholes, high temperatures and
good physical and chemical composition of water that enable the use of water for
different purposes (Aksin and Milosavljevi¢, 1982).

From the point of appearance of thermal mineral water and the possibil-
ity of exploitation, the first hydro geological system on the territory of Kikinda
is the most important one because it contains large reserves of thermal mineral
water, which has relatively good physical and chemical characteristics that can
find suitable application (Smigi¢, 1994). The first hydro geological system on the
territory of Kikinda municipality reaches to a depth of 1,500 m, however, thermal
mineral water can be used to a depth of 1,100 m, because at greater depths there
are deposits of oil and gas that make it difficult to exploit mineral water. At a
depth of 850 to 950 m are the best conditions for obtaining thermal mineral water
which is found in several boreholes. The deepest boreholes are near the town of
Kikinda (Ki-2/H - 1,200 m and Ki-4/H - 1,203 m), while the shallowest borehole
is in Banatsko Veliko Selo (Vs-2/H), which depth is 895 m (tab. 1) (Smigi¢, 1994).
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Table 1. Basic information about hydrothermal boreholes in the municipality of Kikinda

The name of the borehole Year of Depth of .Capped L1th(')l.og1cal
: T borehole interval composition of the
and the city drilling "
(m) (m) capped interval
Sm-1/H (Kikinda) 1974 950 865-926 sand
Mk-1/H (Mokrin) 1983 950 886-934 sandstone
Ki-2/H (Kikinda) 1984 1,200 895-970 sand
Vs-1/H (Banatsko Veliko Selo 1986 925 762-846 sand
Vs-2/H (Banatsko Veliko Selo) 1987 895 791-879 sand
Ki-4/H (Kikinda) 1987 1,203 1,089-1,142 sand

Source: Toni¢ et al., 1989; Aksin et al., 1991; émigié, 1994.

Because of its prevalence and low mineralization of water the first hydro
geological system has the greatest economic importance on the territory of the
municipality of Kikinda, but also in the whole of Vojvodina. The second hydro
geological system has no economic significance due to the low yield and it is
difficult to use, because of the high mineralization of water. While the fourth
hydro geological system has not been investigated enough, and it is impossible
to estimate its importance (Toni¢ et al., 1989; Aksin et al., 1991; gmigic’, 1994).

Geothermal characteristics of the Municipality of Kikinda

Geothermal characteristics of the Earth are different from place to place. The
territory of Vojvodina, which is an integral part of the Pannonia Basin, has all the
hallmarks of specific tectonic units. An important geological characteristic is the
small thickness of the Earth’s crust, which in Vojvodina is 25.5 to 29 kilometers
and the lithosphere, which thickness on the same territory ranges from 60 to 100
kilometers. Small thickness of the Earth’s crust and lithosphere in Vojvodina put
it among the most promising geothermal areas of Europe. And that is indicated
also by the average values of geothermal gradient and heat flow, which are con-
siderably larger than in the area of continental Europe (Milovanovi¢ and Boev,
2001).

Geothermal gradient in Vojvodina is determined on the information about
the measured temperatures at 78 hydrothermal boreholes and 126 boreholes that
were carried out for the research purposes of oil and gas. Based on the obtained
values, the geothermal gradients were calculated at depths of 0-500 m (0.056
°Cm™), then at 500-1,000 m (0.052 °Cm*) and from 1,000 to 2,000 m (0.050 °Cm™).
Average values of geothermal gradient in Vojvodina, in the range of 0 to 2,000
m, are 0.0526 °Cm™, which is considerably more than the average for Continental
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Europe (0.03 °Cm™) (Dokmanovi¢ et al., 2012). In Banat the values of geothermal
gradient rise from the southeast, where they are 0.046 °Cm™, to the north (0.059
°Cm™). The southeastern parts of Banat have the lowest value of geothermal gra-
dient in Vojvodina. On the territory of the municipality of Kikinda geothermal
gradients are from 0.052 to 0.057 °Cm™), which is shown in fig. 2 (PSEMR, 2010).
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Figure 2. Geothermal gradient in the Northern Banat (in °Cnr?)

Serbia is rich in geothermal water and that is a result of good geological
structure and good hydrological and geothermal characteristics of the terrain.
The heat flow density is the main parameter for evaluating the geothermal
potential of an area. In most of Serbia, the heat flow density is higher than its
average value for the continental part of Europe, 87 mWm™ The greatest val-
ues of over 100 mWm™are in the Pannonian Basin (area of Vojvodina), central
Serbia and the central part of southern Serbia (Jankovi¢, 2009). On the territory
of Hungary, which is known for its intensive use of geothermal energy (Balazs,
2012) the heat flow values are between 80 mWm?and 110 mWm?(PSEMR, 2010).
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In Vojvodina, the values of terrestrial heat flow are in the range of 84 mWm?in
the southeastern Banat (area of Banat sands) to 111 mWm (North Backa). The
biggest heat flow values are in the north of Banat (108 mWm?). The heat flow
density, in the municipality of Kikinda, range from 94 mWm=?to 105 mWm?,
which is shown in fig. 3. Those terrestrial heat flow values are also in the area
of Mount Kopaonik in southern Serbia (Dokmanovic¢ et al., 2012) where are the
hottest sources of thermal and thermal mineral water in Serbia.

o 0 10 20km

\ 9
- \ ’
- " Z:
-t Q’ L
- \\
)
- I\ >
K' Mk-1/HO \Q\
“ -IHO /a4
i
T
‘:‘ Iar.

Ki2MO/ / /' Gvs im
$mi-1/HO VEHO |

Figure 3. Heat flow on the territory of the Northern Banat (in mWm?)

Physical features and characteristics of thermal mineral water
on the territory of Kikinda

Physical and chemical characteristics of the thermal mineral water are pro-
duced in different geological, hydro geological, geochemical and hydro chemi-
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cal processes in joint action of water, rocks and gases (Milenic and Milankovic,
2010). All thermal mineral waters have certain temperature, salinity, mineraliza-
tion and Ph value. In relation to the temperature of the human body all thermal
mineral waters can be divided into hypothermia, homoeothermia and hyper-
thermia. About 48% of all surveyed thermal waters in Serbia are hypothermic,
about 35% are homoeothermic, and about 17% are hypothermic (Janji¢ et al.,
2008). On the territory of Vojvodina, from 78 borehole 28% have hypothermic
water, about 12% are homoeothermic waters, and about 60% have hypothermic
water. According to temperature, all thermal mineral waters in the municipality
of Kikinda belong to hypothermic waters because the temperature is higher than
38°C or higher than the temperature of the human body. The lowest temperature
is at the boreholes of thermal mineral water in Banatsko Veliko Selo (43°C and
45°C). Water temperature at two boreholes near Kikinda is 50°C and 51°C, as the
water in the borehole in Mokrin. The highest temperature of the water was in
the borehole south of Kikinda (Ki-4/H) where it was 57°C, however, which was
capped immediately after testing.

General mineralization is an important indicator that is analyzed for the
use of water for balneological or other purposes. Active effect of minerals on the
human body increases with general mineralization. The lower limit of active
effect on human body is usually 1g/ 1, while in some countries it is 2g/1 [17].
Mineralization of thermal mineral waters in the municipality of Kikinda range
from 1.8 to 3.32 g/1 (tab. 2). With increasing mineralization the effect on human
body also increases. The tendency to deposit lame scale in pipelines and surface
installations, aggressiveness on metals and concrete depends on mineralization.

The salinity of water is 0.006 g/1 to 0.35 g/1. PH value in all boreholes is
over 7.5, and the biggest value is in Kikinda in boreholes Sm-1/H and Ki-2/C
(8.1). Thus, thermal mineral waters in the municipality of Kikinda belong to
weak acidic (pH = 5.5 to 6.8), neutral (pH = 6.8 - 7.2) and weak alkaline (pH 7.2
to 8.5) (tab. 2) (Internet 1; Fond NIS Gaspromnjeft). However, the problem is that
the pH values are not measured directly on the well, but in the laboratory after
several days of standing water, and the shown values are not the most repre-
sentative (Milosavljevi¢, 2005).

The total available capacity of all the 78 boreholes, so far explored hydro-
thermal resources on the territory of Vojvodina is 72.606 MWt. The total avail-
able capacity of the 18 boreholes in the Banat is 20.175 MWt and in the munici-
pality of Kikinda is 7.248 MWt. The borehole Ki-2/H has the biggest thermal
capacity (1.972 MWt), and borehole Sm-1/H has the lowest (0.255 MWH) (tab. 2).

The largest flow is measured at the borehole in Banatsko Veliko Selo (Vs-
1/H17.71/sand Vs-2/H 11.61/s) and in Kikinda (Ki-2/H-15.21/5s). The flow in
the borehole in Mokrin is 10.51/s and the smallest flow is in the borehole Ki-4/H
(where it was measured 4.8 1/s) and Sm-1/H (2.3 1/s) (tab. 2).
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Table 2. Physical and chemical composition of the thermal mineral waters in the municipality
of Kikinda

The name of Flow rate | Temperature Thern.qal Mineralization | Salinity | pH
the borehole Ws) ©C) capacity @/ (g/) value
and the city (MWt)
Sm-1/H (Kikinda) 23 50 0.255 3.22 0.073 8.1
Mk-1/H (Mokrin) 10.5 51 1.362 3.05 0.050 7.8
Ki-2/H (Kikinda) 15.2 51 1.972 2.81 0.050 8.1
Vs-1/H (Banatsko
Veliko Selo) 17.7 43 1.703 1.8 0.036 7.9
Vs-2/H (Banatsko
Veliko Selo) 11.6 45 1.213 1.92 0.006 7.5
Ki-4/H (Kikinda) 4.8 57 0.743 3.32 0.35 7.7

Sources : (PSEMR, 2010; Aksin et al., 1991; Stojkovi¢ et al., 2013)

Thermal mineral waters in the municipality of Kikinda chemically are so-
dium hydro carbonate with certain presence of chlorine (Filipovi¢, 2003). When
it comes to gases, methane is present in all waters on the territory of Kikinda.
The presence of methane is an economic problem, because it requires the instal-
lation of additional equipment for exploitation of water. During the exploitation
of thermal mineral waters on their way to the surface there is a drop in pressure
and extraction of methane in the form of bubbles, i.e. creation of free methane.
If the mineral water is used indoors it can reach concentrations of methane that
can form explosive mixtures. In order to avoid this, there is a need of installation
of additional equipment to remove methane, which increases the costs of instal-
lation and use of thermal mineral water.

Use of thermal mineral water in the municipality of Kikinda

Thermal mineral waters in some countries have been used for therapeutic
purposes for thousands of years. The Romans recognized that potential on the
territory of Serbia (Pavlovi¢, 2009). However, the progress of science today has
enabled much more methods of use of thermal mineral waters, not only for me-
dicinal purposes. The temperature of thermal mineral water provides certain re-
strictions on its use. The temperature of 38°C to 150°C makes the limit to be used
directly, while the water (steam) of higher temperature allows the production of
electrical energy (Stojkovic et al., 2013). Direct use includes the use for heating
and cooling, for the production in greenhouses of fruit, vegetables and flowers,
for the aquaculture, for plant material drying industry, pasteurization and simi-
lar, and for heating swimming pools (Gvozdenac, 2011; Milanovi¢, 2006). The
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number of countries in the world that have growth of utilization of geothermal
energy is constantly increasing. Most geothermal energy in the world is used for
heating, about 60%. About 20% is used for electricity generation and the remain-
ing 20% is for industrial use, for heating greenhouses, heating swimming pools,
melting snow and on fish farms. In the area of Iceland it is mostly used for heat-
ing, 89% of apartments are heated that way.

Geothermal energy is used only symbolically in Serbia, although it is among
richer countries when it comes to geothermal potential. The use of thermal min-
eral waters is very significant for the future development of the areas where
these waters are located, but also for the development of the region, as con-
cluded by the researchers of thermal mineral waters in southern parts of Serbia
(Barac¢ and Viras, 2009). It is possible to exploit thermal mineral waters in almost
the entire territory of Serbia by means of heat pumps (Andri¢, 2014). However,
these are just projects which point out the significant possibilities of geothermal
energy in Serbia, but which remain unrealized.

Thermal mineral waters in Vojvodina possess above-average geothermal
qualities in comparison to the European hydro geological standards. For this rea-
son, this basin is referred to as “the thermal valley” (Klimo, 2011). Nevertheless,
only 26% of the total heat potential of all available boreholes is exploited in
Vojvodina, mainly for balneological and tourism purposes (PSEMS, 2010).

The boreholes in the municipality of Kikinda are located near certain fa-
cilities (industrial, agricultural, commercial) which could be the potential users
of these waters. The boreholes in Mokrin (Mk-1/H), Kikinda (KI-2/H) and
Banatsko Veliko Selo (Vs-1/H) were used for heating commercial facilities and
for heating a pig farm. The other borehole in Banatsko Veliko Selo was closed
shortly after drilling (Vs-2/H), due to a standstill of heating system arising be-
cause of certain financial and technical problems, so the user withdrew. The
borehole south of Kikinda (Ki-4/H) was shut down shortly after the drilling
because of large quantities of gas. A test bottling of water from the borehole Sm-
1/H was carried out in order to see whether the water could be used as mineral
after cooling. The research and sampling yielded positive results, however a
user was not found. The water from these boreholes was also used for heating
business and storage facilities of the communal organization “6" of October”.
The boreholes were also equipped with a degasifier for extracting methane from
water, and with a heating line from the borehole to the location of use. Water to
water heat exchangers were installed on the location of use, making the thermal
mineral water heat up the water in the radiator system, after which it was depos-
ited in the nearby canal. The project plan was to use the thermal mineral water
by means of exchangers for heating the water from the water supply network
for sanitary purposes at the same time. However, the user abandoned the plan
to use thermal mineral water for financial reasons.
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None of the four open boreholes on the territory of the Municipality of
Kikinda has been in use for the last few years. There are several possibilities for
the use of thermal mineral water. In addition to the heating of business facili-
ties or pig farms, for which thermal mineral waters from certain boreholes were
used for a while, there are other possibilities. In Serbia, thermal mineral waters
are mostly used for balneology, sport and recreation. In addition to this, ther-
mal mineral waters in the municipality of Kikinda can be used in agriculture,
aquaculture and industry. Initial analyses of the water and its potentials for ex-
ploitation for balneological and sport and recreation purposes were performed.
This research has yielded positive results, however, substantial investments are
necessary in order to use the water, so that the financial reasons are the greatest
obstacle to the realization of ideas and projects that were carried out.

Itis possible to use thermal mineral waters to heat the glasshouses. Moreover,
it is suitable for fish ponds (fig 4). Different sorts of fish require different water
temperatures, and by regulating it, it is possible to achieve much larger produc-
tion compared to the traditional. The use of thermal mineral waters in agricul-
ture for the watering of cultures which have high energy demands is in initial
stages (Gaji¢ and Vujadinovi¢, 2009) and requires additional research. On the
other hand, watering with thermal mineral waters could also have certain unfa-
vorable consequences for the soil owing to the salt and other substances which
would be concentrated in the soil.

100 — °C | Drying of agricultural products |
90 ] | Drying of stock fish | —
80 — | House heating, greenhouses |
70 — | Cold storage |
60 — Ki-4/H ’ Air conditioning | Direct
I | heating
| | Mk-1/H; Ki-2/H
50 1 $m-1/H | Animal husbandry |
Vs-1/H; Vs-2/H
40 — | Soil warming I
30 ] | Swimming pools, de-icing | -
Heating by
20 | Fish farming ’
heat pumps
10 —
0 —

Figure 4. Possible uses of thermal mineral water, depending on the temperature -
a modified Lindal’s diagram (Mileni¢ et al., 2015)

65



Collection of Papers - Faculty of Geography at the University of Belgrade 66 (1)

The possibilities for using thermal waters in the industry of Kikinda itself
are numerous, depending on the type of the geothermal energy available and
the required temperature. They can be used for: drying, evaporating, distilla-
tion, cooling, baking, washing, coloring, process heating and the heating of in-
dustrial facilities. Drying by means of hot water has an especially wide range
of application in industry Miti¢ et al., 2007). Heated air can be used to dry agri-
cultural products (Milojevi¢ and Martinovi¢, 1996; Ruzicic¢ et al., 2013). Certain
private-owned companies were interested in the borehole in Banatsko Veliko
Selo (Vs-2/H) and their intention was to build a spa. However, the Municipality
did not agree to this. There were also intentions on part of the local community
to build a spa or heat glasshouses, but there aren’t enough financial means for
the implementation of these projects.

Due to unfavourable impacts on the soil, it is necessary to construct water-
tight canals or new boreholes which would be used to insert used water (Farsang
et al., 2015; Mileni¢ et al., 2015). This makes the use of thermal mineral waters
more expensive, which is one of additional reasons this natural potential is so
poorly used in the municipality of Kikinda.

The boreholes in the municipality of Kikinda have a great geothermal po-
tential. Their exploitation in agriculture and for heating water is very lucrative.
This area has been explored for the most part and it has been found to be very
rich in geothermal energy, which should be used properly (Institute of Energy,
Process Technics and Environmental Protection). However, the State has re-
mained barely interested in reactivating the boreholes with thermal mineral
water which have already been in use, or activating those that have not been
used at all. Private-owned companies have not expressed any particular interest
in the topic, so this significant natural potential must wait for better times (Ko$i¢
etal., 2011).

Conclusion

Thermal mineral waters of Vojvodina can be an important factor of regional
development, which is also characteristic for the Northern Banat area, especially
for the Municipality of Kikinda, which has the largest concentration of thermal
mineral boreholes in Banat. The temperature of these waters makes possible
their direct application. The increased gas factor is causing all the boreholes to
effuse by themselves, which is favorable on the one hand, because no additional
investments are required to bring the water to the surface. Whereas, on the other
hand, it is necessary to construct degasifiers in order to relieve the water from
the presence of gases, especially methane, which is present in larger quantities
than any other gas. The natural conditions for the use of thermal mineral water
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are very favorable. A lowland area, favorable climate and fertile soil enable a
wide range of application in agriculture, especially for heating glasshouses and
greenhouses, for heating cattle farms and fish ponds. In addition to this, the
proximity of a larger town (Kikinda) can also enable the application in industry,
but also for heating business facilities and residential units. On the territory of
Serbia, including Vojvodina, thermal mineral waters are used mostly for bal-
neological and sport and recreational purposes. The first physical and chemical
analysis of thermal mineral waters in Kikinda area, which were carried out in
late 1980s and early 1990s, showed that these waters are suited for balneological
and sport and recreational purposes.

By using thermal mineral waters from three boreholes alone (boreholes that
were in exploitation for a while), the significant amountsof crude oil was saved.
However, in order to enable the application of thermal mineral waters in the
municipality of Kikinda on a larger scale, it is necessary to make up a registry
of potential users, but also to come up with design solutions for the application
in balneology, industry, agriculture, sport, recreation and tourism. It is neces-
sary to provide financial means, and to make the procurement of required docu-
ments for the application of thermal mineral waters less complicated, i.e. it is
necessary to simplify the administrative procedure which has to be followed in
order to be able to use the thermal mineral waters.
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