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Abstract Ten geothermal bathing and recreation centres
have been established in Poland from 2006 to 2013. The
largest number of geothermal bathing and recreation cen-
tres is located in the Podhale region and in the Polish
Lowlands. These structural units have the best geothermal
conditions. The maximum reservoir’s temperatures in the
main aquifer of the Podhale Geothermal System can reach
ca. 120-128 °C in the deeper parts of the system. The most
prospective and exploited aquifers occur within the Middle
Triassic formations and in overlaying Middle Eocene for-
mations at the depth of 1,000-3,700 m. At present, five
operating centres are located in the Podhale region. They
use geothermal waters with the temperature of 27-82 °C
(the lowest and the highest wellhead temperature of water
from wells which are connected for recreational purposes)
and total dissolved solids (TDS) of 0.4-3 g/dm3. In the
Polish Lowlands, the reservoir’s temperatures vary from 20
to 130 °C at depths of 1-4 km. The most prospective
geothermal aquifers of the Polish Lowlands occur within
the Lower Cretaceous and the Lower Jurassic formations.
Five geothermal recreation centres are currently operating.
The centres use waters with the temperature of 38-72 °C
and a wide range TDS from 0.4 to 79 g/dm’. Geothermal
waters of the Polish Lowlands are generally high in Na and
ClI concentrations. The new centres will use the waters of
Lower Jurassic aquifers, the outflow temperatures of which
vary from 27 to 82 °C and a TDS from 6 to 140 g/dm”.
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Introduction

Geothermal heat capacity for use in balneotherapy and
recreation in Poland is 11.5 MWth and heat production is
36.30 GWhth/year, which is about 10 % of the total
capacity and 20 % of the total heat production in geother-
mal direct use in Poland (Antics et al. 2013). It corresponds
to worldwide geothermal direct utilization percentage of
13.8 and 25.8 %, respectively (Lund et al. 2011). Addi-
tionally, recreation is one of the most promising sectors of
geothermal energy in Poland. In 2013, heat consumption
from geothermal waters for recreational purposes was
26.7 GWhth/year (Kgpinska 2013), which is three times
higher than heat consumption for balneotherapy.

The largest number of geothermal bathing and recrea-
tion centres in Poland is located in the Podhale Trough and
the Polish Lowlands. These are two structural units, which
have the best geothermal conditions—a high water tem-
perature, low total dissolved solids (TDS) levels, great
porosity and permeability of the aquifer’s rock, etc.
Aquifer formations of both units are represented signifi-
cantly by Mesozoic sediments with good hydrogeological
conditions. Plans for establishing some new geothermal
centres in these units are also being made.

The Podhale Trough belongs to the most prospective
areas for geothermal energy use in Poland. Moreover, it is
located in a very attractive touristic area, which generates
demand for geothermal bathing and recreation. The Pod-
hale geothermal system was properly recognized from the
geological point of view. Hydrogeological and geothermal
conditions of the Podhale Trough were explored due to
analyses conducted in 21 boreholes (Chowaniec 1997,
2004, 2009; Kepinska 1997, 2006; Matecka 2003),
including the newest borehole in Bariska, drilled in 2013
and a 3D seismic survey (Goérecki 2011).
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The Polish Lowlands is located on about 80 % of ter-
ritory of Poland. Lower Cretaceous and Lower Jurassic
formations demonstrate the best hydrogeological condi-
tions for geothermal water occurrence. Furthermore, waters
from both the Lower Cretaceous and Lower Jurassic
aquifers contain significant amounts of iodine and bromine
ions as well as potassium and magnesium ions, which make
them potentially useful for balneotherapeutical purposes
(Gérecki 2006). Geothermal resources in the Polish Low-
lands have been assessed by Goérecki (1995, 2006). Geo-
thermal waters have been studied e.g. by Bojarski et al.
(1976), Dowgiatto et al. (2007) and Paczynski and Sadurski
( 2007).

The investigation of waters used for balneotherapeutic
purposes is more detailed than water for recreational pur-
poses. It is determined by the fact that geothermal waters in
Poland were applied in medicine much earlier than in
organized recreational centres. The history of the applica-
tion of geothermal water in balneotherapy in Ladek Zdréj
(The Sudety Mts.) goes back to the twelfth century
(Cigzkowski et al. 2010). Several balneological materials,
including geothermal medicinal waters, have been classi-
fied by Dowgialto et al. (1969). In Poland, there are nine
registered health resorts operating, which use geothermal
waters for therapy (Kepinska 2001, 2013), and which are
used for both curing of diseases and preventive therapy
(Lund 2009). The application of geothermal water in rec-
reation has been known before the growth of geothermal
recreational centres in Poland from Slovakia, where such
application is popular. In Slovakia, there were 160 geo-
thermal recreational swimming pools in 2005 (Kri$ 2005).
The occurrence of geothermal waters in Slovakia is in
Triassic carbonates (limestones and dolomites) and Neo-
gene psammites and psephites (Kris et al. 1995). In recent
years, the interest in recreational use of geothermal waters
in Poland has increased (Kepinska and f.owczowska 2002;
Latour 2007; Latour and Drobnik 2010), however, there is
no up to date comparison of geothermal waters used in
recreation made yet.

The goal of this paper is to identify parameters of
geothermal waters used for recreational purposes in dif-
ferent areas of Poland and provide hydrogeological and
some technical background for the current and planned use
of geothermal waters in recreation in Poland. As a result,
the comparison of main parameters of water occurrence
between geological structures where geothermal recrea-
tional centres are located will be provided.

Materials and methods

For identification and comparison purposes, geothermal
waters that are used in geothermal recreational centres
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were selected. A geothermal recreational centre is consid-
ered a swimming pool or a group of swimming pools,
where at least one of them is a thermal swimming pool and
it is not a health resort spa. A thermal swimming pool is
defined by Kri§ (2005) as a swimming pool filled with
geothermal mineral water in more than 50 % of the vol-
ume. If the mineralization limit of 5,000 mg/dm® is
exceeded, the amount of geothermal water can be lower
than 50 %.

The above-mentioned condition is fulfilled in case of
wells, from which the water is used in 10 recreational
centres. All centres are located in two geological units: the
Podhale Trough and the Polish Lowlands. Waters under
consideration come from the main wells, which operate in
the centres. Geothermal springs are not present in the
recreational centres and all waters are delivered from deep
wells, the depth of which exceeds 1,000 m. The location
map of the study area with the existing and planned centres
is shown in Fig. 1.

The analysed chemical data come from published mate-
rials and unpublished documentation of wells (No. 9). For
two wells (No. 1 and No. 2), the analysis of major chemical
components was available, while eight wells were analysed
for both major chemical components and trace elements. The
identification of the remaining parameters of water, aquifers
and technical conditions of recreational centres was also
made on the basis of published materials and information.

Waters are classified based on their hydrochemical
composition. Comparative analysis was conducted to
compare geothermal waters from the two geological units.
Parameters of waters coming directly from the deep wells
were taken for the analysis, irrespective of their final pro-
portion in a swimming pool. In case of simultaneous or
prior application of geothermal waters for other purposes
than recreation (e.g. for space heating), parameters of raw
water from the well (e.g. temperature, flow rate) were taken
for the analysis.

Geological and geothermal characteristics of the study
area

The average geothermal gradient of the area of Podhale
geothermal system varies between 1.9 and 2.4 °C/100 m;
however, there are some surface anomalies detected in the
northern part of the system. The reservoir’s maximum
temperatures in the main aquifer are 90-95 °C and
120-128 °C in the deeper parts of the system at a depth of
4,500—4,800 m. Waters come from wells with an artesian
outflow with flow rates of 4-550 m*/h. The total dissolved
solids (TDS) of the geothermal waters vary from 0.1 to
3.2 g/dm® (Kepifiska and Wieczorek 2011).

Geothermal waters were found under the Flysch for-
mations in boreholes, the depth of which exceeds 1,000 m.
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Fig. 1 Location map of the
study area for existing and
planned geothermal bathing and
recreational centres in Poland
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The system has a network of faults. The geothermal waters
come mostly from rocks with a secondary fractured
porosity which increases in near-fault zones. The aquifer
rocks’ secondary fractured porosity is 10-20 % with an
intrinsic permeability of up to 1,000 mD (Kepinska and
Wieczorek 2011). The water in the Podhale Trough is
under artesian condition (Chowaniec 2009). The geother-
mal system recharge zone is a part of the uplifted Tatra
Mountains massif. It has an area of ca. 350 m”.
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The geothermal system is build from two basic Mesozoic
(Triassic—Cretaceous) and Tertiary (Palacogene) formations
which form a structural trough (Fig. 2). Rocks of the geother-
mal water reservoir are mainly Triassic carbonates, Jurassic
sandstones and carbonates. The most prospective and exploited
aquifers occur within the Middle Triassic limestone and dol-
omites and in overlaying Middle Eocene carbonates at a depth
of 1,000-3,700 m. Their total thickness is up to 2,500 m and
100-700 m, respectively (Kepinska and Wieczorek 2011).

@ Springer



7500

Environ Earth Sci (2015) 74:7497-7509

Inner Carpathians

Pieniny Outher Carpathians
Klippen
mas.l. Tatra Mts. Podhale Through Belt
2000 - ¢
V¥ v Podhale Flysch
1500 ¥ o
+ Zakopane 1G-1 + + Baniska 1G-1

Podhale Flysch
Middle Eocene - Oligocene

Middle Eocene

—
< major faults

e

+ infiltration of precipitation water

" zone of thermal water intake

Quaternary

. Jurassic,
1 Cretaceous
I

Fig. 2 Hydrogeological cross-section of the Podhale Trough (Chowaniec 2009)
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Fig. 3 Geological cross-section through the Polish Lowlands in the area of Geotermia Poddebice and Termy Uniejow centres (Hajto 2006)

The Polish Lowlands are an intercratonic deep, which are
formed by Paleozoic and Mesozoic sediments overlain by a
thin Cenozoic cover (Fig. 3). The deepest part of the
Paleozoic platform reaches 20 km of thickness of the sed-
imentary cover. However, sediments are thinner in the
Precambrian craton and their thickness varies from 200 to
500 m in the north-eastern Poland. There are two main
structural units. The lower unit is of the Cambrian to Silu-
rian age, while the upper unit is of Permian to Cenozoic age
(Gorecki 2006). The plastic Zechstein salts (Upper Perm-
ian) which formed pillow and diapire structures, which were
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deformed due to Laramian tectonic movements, are char-
acteristic for this area. Zechstein salt layer was pressed up to
the surface and crossed almost 6 km thick overlying Tri-
assic, Jurassic and Cretaceous deposits. Dowgialto (2012)
considers that the TDS (mineralization) of water may be
connected with leaching of salt structures by groundwater,
marine connate waters present in the Triassic and Jurassic
sediments, or contribution of meteoric waters infiltrated in
warmer continental periods of Neogene.

The average geothermal gradient in the Polish Lowlands
formations is 2.5 °C/100 m. The distribution of its values
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corresponds to boundary values of the heat flow in the area,
and changes from 1.6 °C/100 m in the North-Eastern part
of the Polish Lowlands to 3.0 °C/100 m in the North-
Western part, respectively. Local temperature inversions
occur in the North-Eastern area of the Polish Lowlands
(Goérecki 20006).

The Lower Cretaceous water reservoir is of a porous-
chinky type, consisting mainly of permeable sandy, sandy—
marly, sandy-muddy sediments, the total cumulative
thickness of which varies from 150 to 300 m. The effective
porosity of sandstone is 11.4-31.6 %; however, the reser-
voir could be considered as less continuous according to
the Liassic aquifer (Gorecki 2006). The TDS of the water
ranges from 2 g/dm> (along outcrops of subunits) to 20 g/
dm? (in central part of subunits), and increases locally to
even more than 100 g/dm>.

The Lower Jurassic (Liassic) reservoir is built from non-
equigranular sands and sandstones with a highly varied
thickness and permeability. The permeable rocks fill
40-80 % of Liassic lithological profile. The permeable
rocks are interbedded with semipermeable or impermeable
claystones, sandy claystones, mudstones and sandy mud-
stones. The thickness of the aquifer may reach from 0 to
more than 800 m. The TDS of the water from the reservoir
varies from 0.2 to 200 g/dm> (Gérecki 2006). The highest
mineralization is observed in the deepest parts of the res-
ervoir. The lowest TDS values occur along the southern
and eastern margins, where the geothermal water reservoir
is simultaneously a reservoir of high-value potable water.

Results and discussion
Geothermal bathing and recreation centres in Podhale

The Podhale Trough is located in the south of Poland,
surrounded by the Tatra Mountains and the Pieniny Klip-
pen Belt geostructural units, some well-known touristic
attractions. Five geothermal recreational bathing centres
operate in the area of the Podhale region. Geothermal
energy is particularly used for district heating in the area of
the city of Zakopane and several villages.

In its early stages, in the nineteenth century, the use of
geothermal water in Podhale was limited to bathing in
geothermal water coming from a natural warm spring in
Jaszczurowka near Zakopane. Then, a geothermal bathing
was possible in water exploited from two artificial wells
drilled in the 1970s and directed to outdoor pools. Aqua
Park Zakopane was established on the basis of existing
wells in 2006. Water from the Zakopane IG-1 well, the
only one which supplies the centre recently, has wellhead
temperature of 36 °C and comes from Jurassic marls and
marl carbonates with cherts. Its flow rate is 50 m>. Water

from the well comes directly to an outdoor swimming pool
with an area of 400 m” and has temperature of 30.5 °C.
The water is HCO3;—Ca—-Mg type and has a very low TDS,
not exceeding 0.4 g/dm’ (http://www.aquapark.zakopane.
pl, accessed 1 December 2013). Due the fact that water has
a H,S content at the level of 2 mg/dm>, the pool is con-
sidered to be a recreational-therapeutic one. The entire
centre is heated by geothermal energy.

The next geothermal swimming pool in Zakopane is
located in Polana Szymoszkowa—a glade with a double
outdoor pool filled with HCO3;—Cl-Ca—Mg-Na type water.
The water has the wellhead temperature of 27.3 °C
(Kepiniska and Wieczorek 2011) and a TDS of 0.38 g/dm3
(Dinh et al. 2010). The water in the pool is additionally
heated by energy delivered from a geothermal heating plant
(PEC Geotermia Podhalaniska) and from a heat pump
installed in the centre. The Polana Szymoszkowa swim-
ming pool was opened in 2007 as a pool where water was
heated only by geothermal energy. Since 2009, the geo-
thermal water is delivered to the pool from a well reaching
the Palaeogene, Triassic and Jurassic formations lying at a
depth of 1,112-1,663 m (Kepinska and Wieczorek 2011).

A space heating service is operated by the geothermal
heating plant located 17 km from the city for most of the
public utility buildings, hotels and several dwellings in
Zakopane. The heating plant uses the water which has a
temperature of 82-86 °C. The water is exploited from two
wells which reach Palaeogene and Triassic aquifers at a
depth of 2,565-3,345 m (Kepinska and Wieczorek 2011).
Recently, a third newly drilled well has been connected to
the system. Water is directed to heat exchangers where its
temperature is decreased, although the chemical composi-
tion does not change significantly and does not mix with
technological water. About 25 m*/h of this SO4~Cl-Na—Ca
type water which has temperature of 38 °C is then directed
to Termy Szaflary—another popular geothermal recreation
centre adjacent to the heating plant facilities. The TDS of
the water is at the level of 3 g/dm’. The centre was estab-
lished in 2008 as the first bathing and recreation centre in
Podhale dedicated only for geothermal waters. Since then, it
has enhanced its recreational and hotel infrastructure.

Terma Bukovina, which also opened in 2008, is the
largest and high quality-oriented geothermal recreational
centre. The total area of the 12 outdoor and indoor pools is
ca. 2,200 m%. The water comes from a reconstructed well
from a depth of 2,390-2,605 m and it is a SO4—Cl-Ca—Na
type water. The main water aquifer represents Triassic and
Jurassic formations. Its TDS is 1.49 g/dm® (Chowaniec
et al. 2001). While the water has a wellhead temperature of
64.5 °C (Kepinska and Wieczorek 2011), the temperature
of water in pools is lower and fluctuates between 28 and
36 °C, according to the pool’s type. The surplus of geo-
thermal heat obtained from the geothermal water is used
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Fig. 4 Terma Biatka in Bialka Tatrzaniska, Podhale Trough (photo: Terma Biatka)

for space heating of the entire complex (including the hotel
part) in combination with the heat from a heat pump and
peak heat source.

Terma Biatka (Fig. 4), the newest geothermal recreation
centre in the Podhale region and one of the largest in
Poland was opened in 2011. It is located next to a ski resort
and it is complementary to other touristic attraction of the
area. It can be visited by 3,000 persons a day. The SO,~Cl-
Na—Ca type water supplying the centre comes from a depth
of ca. 2,300-2,700 m. It has a TDS of 1.8 g/dm3 (http://
www.termabialka.pl, accessed 1 December 2013). The
water has a temperature of 73 °C. It is exploited from a
single-well system, which determines special attention to
the amount of water exploited and finally discharged to a
course. In Terma Biatka, this special attention is empha-
sized—the discharged water is limited to a small amount
used for rinsing technological tanks only. Two heat pumps
with power of ca. 700 kW each are installed for maximum
heat extraction. This is the first working installation of heat
pumps with CO, gas used as a refrigerant in Poland.

New geothermal bathing and recreation centres
in Podhale region

About 30 % of the geothermal recreational centres in
Poland are supplied by geothermal waters, which come
from heating plants after utilizing a part of the water’s
energy for heating purposes. As of today, there is only one
bathing centre of this kind in the Podhale region—Termy
Szaflary. Meanwhile, there are plans for wider range of
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cooled geothermal water application from the heating plant
in the second bathing centre in Szaflary, which is now
underway. Apart from that centre, two more centres using
the geothermal water of the Podhale geothermal system are
planned in Chochotéw and Poronin. Both of these locations
would exploit geothermal water coming from wells where
the wellhead temperature of the waters is 82 and 63 °C,
respectively (Kepiniska and Wieczorek 2011). The tem-
perature is too high to be used only for bathing purposes
and should be used primarily for space heating purposes.
The location of all the existing and planned geothermal
bathing centres in the Podhale region is listed in Fig. 1.

Geothermal bathing centres in the Polish Lowlands

There are five geothermal bathing centres currently oper-
ating in the Polish Lowlands. Three of them exploit geo-
thermal water from the Lower Cretaceous aquifer. The
remaining two—Geotermia Grudziagdz and the Termy
Maltanskie bathing centre in Poznan exploit water from the
Lower Jurassic aquifer. Several newly planned centres will
also exploit water from the Lower Jurassic aquifer at
depths of 1,200-2,700 m. These centres will be located in
the following towns: Gostynin, Torun, Kleszczéw, Lidz-
bark Warminski, Tarnowo Podgdrne, Piaseczno, Trzgsacz,
in different parts of the Polish Lowlands area. Their loca-
tion is given in Fig. 1. It is expected that waters used in the
new centres will have outflow temperatures varying from
27 to 82 °C and a TDS of six to more than 140 g/dm?
(Noga et al. 2013).
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Fig. 5 Termy Uniejéw in Uniejow, the central area of the Polish Lowlands (photo: Termy Uniejow)

The first geothermal bathing and therapy centre in the
Polish Lowlands was Geotermia Grudziadz, where a “brine
cave” providing balneotherapeutic bathing and gymnastics
was initially opened in 2006. Since 2007, the centre’s offer
has grown and it currently offers four swimming pools
filled with geothermal water, balneotherapy, cryotherapy
and massage rooms. A pyramid shape graduation tower
provides the possibility for inhalations by aerosols coming
from the geothermal water. The water in reservoir has a
temperature of 40.5 °C. It is Cl-Na type water with a TDS
of ca. 79 g/dm’ and it contains a significant I and Fe ions
content (Krawiec 2009).

Two new geothermal centres—Termy Mszczondéw and
Termy Uniejéw opened in 2008. Apart from their recrea-
tional application, the geothermal waters are used for space
heating there. The geothermal waters come from the Lower
Cretaceous aquifer; however, the geothermal water
parameters differ in both centres. The water in Uniejow is
exploited from a depth of ca. 2000 m and it has an outflow
temperature of ca. 68 °C. The water is Cl1-Na type. It has a
relatively higher TDS comparing to the fresh water in
Mszczonéw. The TDS of the water varies from 6.8 to
8.8 g/dm® depending on the well (Sapiﬁska-gliwa and
Kurpik 2011).

The geothermal water applications in Uniejéw include
geothermal space heating, balneorecreational swimming
pools (Fig. 5), heating of football pitch grass and the
operation of a geothermal health resort officially estab-
lished in 2012. The geothermal bathing centre has been
growing rapidly; some new outdoor swimming pools and

other water attractions have been added, which allows the
centre to be open all year round. At present, it offers sev-
eral swimming and therapeutic brine pools with the water
temperature ranging from 25 to 36 °C and saunas. The city
has built the brand of a geothermal centre for recreation,
spa and wellness and therapy, thanks to the geothermal
waters.

The fresh water (a TDS of 0.427 g/dm3 ) in Mszczondéw
is supplied from a single well from a depth of
1,602-1,714 m (Kurek 2011). After recovering the heat in
the heat exchangers of the heating plant, part of the water is
used as drinking water. This water is geothermal because it
has a temperature of 42.5 °C. Termy Mszczndéw uses the
water in outdoor and indoor swimming pools, where it has
temperature from 30 to 34 °C. The swimming pools are
filled with raw or purified geothermal water.

Similarly, in Poddgbice, the geothermal water exploited
from the Lower Cretaceous aquifer lying at a depth ca.
2,100 m is fresh water. It can be used as drinking water. A
simple outdoor swimming pool filled with geothermal
water was established in 2011, 2 years before the opening
of the geothermal heating plant in the city. This heating
plant is the most recent heating plant in Poland. Poddgbice
is located relatively close to Uniejow (16 km), where
geothermal space heating and recreation have been pro-
vided as well. Despite the fact that the exploited water has
a TDS of only 0.455 g/dm?, it has a high temperature of
72 °C. The water is a HCO3;-Na—Ca type (Karska and
Hajto 2009). In the future, there are plans to upgrade the
existing geothermal water application and provide a
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geothermal aqua park and balneological rehabilitation and
recreation centre.

Termy Maltanskie in Poznan was established in 2011 as
a non-geothermal aqua park dedicated exclusively for
recreational and sport purposes—i.e. it has a full-size
Olympic swimming pool. One of its pools was filled with
water, the chemical composition of which was to be similar
to brine. It was obtained as a result of dissolving salt in
water. The aqua park officially became a geothermal
bathing centre in May of 2013, when the geothermal water
started being supplied from a well. The supplied water has
a temperature of 38 °C and the TDS is 20 g/dm’® (Noga
et al. 2013). It is one of the largest bathing and recreation
centres in Poland.

New geothermal bathing centres in the Polish Lowlands

Several new boreholes have been drilled in recent years for
geothermal purposes in the Polish Lowlands. The obtained
geothermal waters of a lower temperature, but are heated
additionally i.e. by heat pumps (Lidzbark Warminski,
Trzgsacz) are planned in particular to be used for balneo-
recreational purposes. In locations where waters have
higher temperature, the waters will be used for both geo-
thermal space heating and for bathing (Kleszczéw, Go-
stynin, Piaseczno). Each of the boreholes in the described
locations reaches the Lower Jurassic aquifer for geothermal
water exploitation.

Two recent geothermal boreholes were drilled in Kles-
zcz6w in 2010-2011. They reach the aquifer at a depth of
ca. 1,600 m. The water has a temperature of 52 °C and a
TDS of 6.08 g/dm>. The exploitation of the water will be
operated as a doublet with a flow rate of 150 m® (Noga
et al. 2013). The geothermal energy will be used for
heating the water of swimming pools and other sporting
objects i.e. a football pitch grass. The water will be used for
a recreational swimming as well. A huge geothermal rec-
reation and balneotherapeutical centre containing 17
swimming pools has been planned in Gostynin. The geo-
thermal water from the depth of ca. 2,700 m has a tem-
perature of 82 °C at the outflow. The water has a very high
TDS of 143.5 g/dm® and it contains iodine and bromine
ions, which make it potentially useful for therapeutic pur-
poses (Biernat et al. 2011). Recently, the further comple-
tion of the complex has been suspended. The geothermal
water in Piaseczno located in the suburbs of Warsaw, the
capital of Poland, has a lower TDS at the level of 70 g/dm’
and temperature of 45 °C. The water is planned to be used
for bathing in swimming pools and the space heating of
sporting objects of the Termy Warszawskie. Bathing cen-
tres which will use relatively colder waters, which have
temperatures at the outflow of 24 and 27 °C, respectively,
and are exploited from depth of ca. 1,200 m are planned in
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Lidzbark Warminski and Trzesacz. The TDS of the waters
is 21 and 14 g/dm3, respectively (Noga et al. 2013). Heat
pumps will be intended in these geothermal projects for
balneorecreation and the space heating of the objects. The
implementation of the examples presented above is at an
advanced stage. The borehole drilling and documentation
of the resources and objects are mostly completed. These
projects have also obtained funding from National Fund for
Environmental Protection and Water Management and the
European Union.

Geothermal bathing and recreation centres in other
regions of Poland

Geothermal waters have been used for several centuries for
therapeutic purposes in the Sudety Mountains (the South-
Western part of Poland) (Wachowicz-Pyzik 2013). Three
health resorts which use geothermal waters operate in the
area. One of them is located in Cieplice, where the geo-
thermal water is exploited from six springs and shallow
wells. Two additional deep wells were drilled in the 1970s.
Only one of them supplies the health resort with water of a
temperature of 63.3 °C. However, construction works are
underway to use geothermal water for recreation purposes
in Cieplice, from the second, deeper well, where the
curative water has a temperature of 86.7 °C at the outflow.
The flow rate of the water from the depth of 2,002.5 m is
45 m>/h. Tt is a SO,—HCO;-Na type water with significant
F and Si ions content (Cigzkowski 2011). The centre will
include three swimming pools with connections to outdoor
pools, pools for children, water slides and saunas.

Additional geothermal bathing centres are planned in
Olsztyn (near Czgstochowa), Jaworze, Porgba Wielka and
Celejow, each located in the southern part of Poland. All
the locations of the planned centres are given in Fig. 1. The
progress of these projects is relatively low and dependent
on future funds.

A major concentration of geothermal recreational cen-
tres is observed in the Podhale region. Most of centres were
opened in 2008, two in Podhale Trough and another two in
the Polish Lowlands. Their size differs from small ones,
intended mainly for treatment or wellness, but not being an
official health resort (Geotermia Grudziadz), to large
complexes with extensive offers, dozens of swimming
pools and other water attractions (Terma Bukovina, Terma
Bialka).

Geological and technical parameters of the occurrence
and application of waters, which are delivered to Polish
geothermal recreational centres, are presented in Table 1.
The wellhead temperature of waters ranges from 27.3 to
82 °C and this is the lowest and the highest temperature of
water used for recreational purposes. Only in two wells
(No. 2 and No. 10), water is exploited from the depth lower
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Fig. 6 Diagrams showing
location, TDS (mineralization)
and major ions content of water
used in the existing bathing and
recreational centres in Poland.
The sizes of circles reflect the
TDS level

than 1,500 m. In well No. 2, where the roof of exploited
aquifer is located at the lowest depth, water has the lowest
temperature of all waters used for recreational purposes
(27.3 °C). Waters come mostly from the depths exceeding
1,500 m. 50 % of all exploited aquifers lie deeper than
2,000 m, and water from these aquifers has the temperature
of 68-82 °C. Water from Palacogene—triassic aquifer has
the highest temperature of all wells under consideration.
The roof of this aquifer has the depth of ca. 2,500 m in well
No. 3, which is also used for a district heating facility.
Geothermal recreational centres of the Polish Lowlands
exploit Lower Jurassic and Lower Cretaceous aquifers.
They are recognized as the most prospective aquifers of the
Polish Lowlands (Gorecki 2006). Centres of the Podhale
Trough exploit Triassic, Jurassic and Palaecogene aquifers.
In Table 1, flow rates of the waters are listed. The final
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flow rate for bathing purposes may be lower if used con-
currently for several applications (e.g. Termy Szaflary).
The TDS of water ranges from 0.4 g/dm’ in well No. 2
to ca. 80 g/dm’ in well No. 6. Generally, waters from the
Podhale Trough used for recreation have low TDS, which
does not exceed 3 g/dm’. On the other hand, water in the
Polish Lowlands differs significantly and TDS values differ
from those characteristic for fresh water (No. 7 and No. 9),
to a high TDS value, which is characteristic for concen-
trated brines (No. 6). The TDS level and the share of main
anions of waters from the centres are shown in Fig. 6.
Especially interesting are waters from areas of minerali-
zation inversion, where deep aquifers are reached in
waters, and TDS is much lower than expected from a hy-
drogeochemical gradient, such as e.g. in wells No. 7 and
No. 9. Water from the wells has TDS of fresh water, even it
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comes from the depth of more than 1,500 m. These are
waters in which HCO;5™ is a dominant ion. After decreasing
water temperature from well No. 7 in district heating
facilities, water is partially used in a drinking water supply
system in Mszczonow.

If compared, wells No. 8 and No. 9 are located at a short
distance and in the same geological subunit of the Polish
Lowlands. However, water from well No. 9 has low TDS
(0.455 g/dm?), even though it comes from the same for-
mation and similar depth as water from well No. 8, in
which TDS is higher and its value is 6.8 g/dm®. Moreover,
the hydrochemical type of waters differs. Water from well
No. 9 is of HCO3;—Na—Ca type, while water from well No.
8 is Cl-Na type.

Main chemical components of waters used for recrea-
tional purposes in both geological units are compared in
semi-logarithmic Schoeller diagram (Schoeller 1962; Ma-
zor 2004) in Fig. 7. The diagram shows similar chemical
characteristics of waters from wells No. 6, No. 10 and No.
8 (the Polish Lowlands), in which the main ion content is
decreasing in a given order. The above-mentioned waters
have revealed similar peaks of ions. Additionally, in waters
from well No. 6, some elements significant in medicine (I
and Fe) were determined. There is no correlation of peaks
of the main ions between waters from wells No. 9 and No.
7, despite the fact that they are both of HCO; type and have
a very low TDS level. They come from different geological

subunits and the depth of their aquifers occurrence differs
as well. Geothermal waters of the Polish Lowlands are
generally low in Mg and SO, and high in Na and CI con-
centrations. All waters under analysis have a similar level
of HCOj; ions content.

In the area of the Podhale Trough, waters from wells No.
3, No. 4 and No. 5 revealed a similar chemical type. Those
waters are of SO,—Cl-Na-Ca or SO4—Cl-Ca-Na type.
Some specific components of F, Si, or H,S were deter-
mined (Table 1). Despite a similar water type, the waters
differ in terms of a TDS level. Geothermal waters of the
Podhale Trough are generally low in Mg and HCOj; and
high in SO, concentrations. There was no such correlation
observed in waters from wells No. 1 and No. 2, which are
exploited from lower depths and are located at a shorter
distance from the system recharge area.

Conclusion

Geothermal waters used in the recreational centres in Poland
represent two different geological units: the Podhale Trough
and the Polish Lowlands, occupying a much larger area. In
each unit, five centres are located. Waters determined by var-
ious parameters are used in bathing and recreation facilities.
Waters of the Podhale Trough are mostly of SO4,~Cl-
Na—Ca or SO4,—Cl-Ca—Na type and their TDS does not
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exceed 3 g/dm® Waters from depths below 2,000 m have
the highest wellhead temperatures between those con-
nected with recreation centres. In the area, there is also a
centre which exploits waters with the lowest wellhead
temperature of 27.3 °C. Bathing and recreational centres
in the Trough are concentrated on a smaller area, com-
pared with the Polish Lowlands; however, the area is
much more attractive from the touristic point of view. The
area occupied by the centres is ca.1,000 m?. The largest
one, Terma Bukovina, occupies the area of more than
2,000 m*.

Flow rates and TDS of waters from the Polish Lowlands
vary. TDS ranges from very high to characteristic for fresh
waters, despite coming from depths exceeding 1,300 m.
All waters come from Lower Jurassic or Lower Cretaceous
aquifers. Geothermal waters of the Polish Lowlands are
generally high in Na and Cl concentrations. Recreational
centres are located mostly in the central part of the Low-
lands. The surface area of the centres ranges from very
small to large, where both geothermal and non-geothermal
waters are used.

Good geothermal conditions also occur in the Sudety
Mountains; however, the geothermal waters there are
mostly limited for use in health resorts for therapy. The
geothermal water in bathing and recreation centres is used
for filling the pools. Geothermal energy from water is also
used for space heating of swimming pools or other facili-
ties. In some locations, heat pumps are installed for pro-
viding additional heating of the water or for space heating.
Some new projects of geothermal bathing and recreation
centres are planned in different areas of Poland, but their
implementation progress is generally lower.
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