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Abstract: The outcomes of the hydrogeological and hydrogeo-
chemical research of groundwater in a new hydrogeological well 
RH-1 in Handlová town are presented in the paper. Drilling and 
research connected to this well were performed within the project 
„Basic hydrogeological research of Handlovská kotlina Basin” 
project no. 15 07 that was solved by the State Geological Institute 
of Dionýz Štúr in years 2007 – 2012. Some results were obtained 
from the project “Basic hydrogeological and hydrogeochemical 
maps of Žiar Mts.”.
The hydrogeological well RH-1 in town of Handlová (1,201.3 m 
deep) proved the geothermal water with temperature 37.5 °C at 
the surface and usable amount of geothermal water 15.0 l . s-1. 
Inflows of geothermal water into the well (based on the results 
of geophysical measurements) were in the horizon from 862.0 
to 1,201.3 meters. The geothermal water is classified as calci-
um-magnesium-sulphate-bicarbonate chemical type with a Total 
Dissolved Solids (TDS) 1,066 mg . l-1 with CO2, H2S content 
and is not susceptible to scaling. Thermal water tapped by the 
well RH-1 is very convenient for bathing and wellness complex. 
The geothermal water in Handlová town is a renewable resource 
which is in contrast to lignite mining in the area and opens the 
possibilities for recreation and sustainable development of the 
area.

Key words: Handlová, Hornonitrianska kotlina Basin, geother-
mal energy, resources, well RH-1

6.1 Introduction
State Geological Institute of Dionýz Štúr (SGIDŠ) 

in Bratislava carried out hydrogeological research in the 
Handlovská kotlina Basin in years 2007 – 2012. The geo-
logical project no. 15 07 “Basic hydrogeological research 
of the Handlovská kotlina  Basin” (Černák et al., 2012) 
was financed from the budget of the Ministry of Envi-
ronment SR and was carried out in accordance with the 
approved concept of geological research and exploration 
in Slovakia.

The region of the Handlovská kotlina Basin belongs 
to the deficit areas of Slovakia where systematic hydro-
geological survey with identification and acquisition 
(recovery) of new groundwater resources has not been 
carried out so far. The results of this project formed 
the background for planning the sustainable use of 
groundwater (water supply and other uses), its protection 
and assessment of environmental impacts in the region.

The aim of the hydrogeological research was focused 
on the identification of the hydrogeological conditions in 
the Handlovská kotlina Basin, including the assessment of 
the relationship between the groundwater with shallow cir-
culation and mineral (geothermal) water. Part of the pro-
ject was dedicated to calculation of available groundwater 
and geothermal water amounts in hydrogeologic region 
PG 063 along with description of geological supporting 
information for their protection.

Hydrogeological research mainly consisted of hydro-
geological mapping, discharge measurements, drilling of 
hydrogeological wells (shallow and deep), measuring the 
flow regime and hydrogeological objects and complex hy-
drogeological assessment of the area with the calculation 
of the quantity of groundwater. 

The paper is focused on new findings that were ob-
tained from the hydrogeological well RH-1 (Remšík and 
Černák, 2011) in the Handlová town drilled within this 
project. The aim of the hydrogeological well RH-1 was 
to verify the amount of groundwater and its chemical pro- 
perties, description of geological development in the basin 
and relationship between shallow and geothermal water 
in the area. The hydrogeological well RH-1 was 1,201.3 
meters deep, and so far is the first deep well in the Han-
dlovská kotlina Basin that brought new geological, hydro-
geological and hydrogeochemical results.

Earlier works concerning the geological and hydrogeo- 
logical research consisted of regional and local studies. 
Geological structure of the area was assessed in regional 
geological map of the Vtáčnik Mts. and Hornonitrianska 
kotlina Basin region at scale 1 : 50,000 (Šimon et al., 
1997a, b); region Kremnické vrchy Mts. at scale 1: 50,000 
(Lexa et al., 1998a, b). The three-dimensional geological 
model of the Hornonitrianska kotlina Basin was published 
by Kotulová et al. (2010).

Hydrogeological conditions are outlined on hydro- 
geological maps published by Kullman et al., (1978, scale 
1 : 200,000, sheet 36 – Banská Bystrica), Franko et al. 
(1993, scale 1 : 50,000, Hydrogeological map of Upper 
Nitra Basin), Černák et al. (2004, scale 1 : 50,000, Basic 
hydrogeological and hydrogeochemical maps of the Žiar 
Mts.). The hydrogeological conditions were described by 
Marcin (1997 in Šimon et al., 1997b) within the text ex-
planatory notes to geological map of the Vtáčnik Mts. and 
Hornonitrianska kotlina Basin and 1 : 50,000.

Hydrogeological research including drilling works is 
based on findings from wells FGHn-1 (depth of 470 m, 
Fendek et al., 2004). The evaluated area is marginally co-
vered on the western rim of the Handlovská kotlina Basin 
(hydrogeological survey of the Prievidzská kotlina Basin, 
borehole HNP-6, depth of 20 m, Bubeník et al., 1976), on 
the eastern part with research performed by Auxt et al. 
(1997, “Neovolcanites of the Kremnické vrchy Mts.” with 
well KV-24 of depth 137 m) and hydrogeological research 
in the northern adjacent Žiar Mts. (Polák, 1997).

Separate hydrogeochemical survey of regional charac-
ter in this area was not realized, but part of the territory 
was covered by hydrogeochemical research within works 
of Auxt et al. (1997), Kováčik et al. (1993), Bátory et al. 
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(1973), Franko et al. (1993), Bubeník et al. (1976) and 
Dovina et al. (1985). Overview research performed till 
1974 is described in explanatory notes to Basic hydrogeo-
logical and hydrogeochemical maps 1: 200,000 (Kullman 
et al., 1975; Kullman et al. , 1978). An important contribu-
tion to the hydrogeochemistry of the area from a regional 
perspective is given in Geochemical Atlas of the Slovak 
Republic – Part Groundwater (Rapant et al., 1996). Geo-
logical environmental factors and their impact on quality 
of life for the pilot area of Hornonitrianska kotlina Basin is 
described in final report of Bodiš et al. (2006).

6.2 Natural conditions
Geomorphological set up

Handlovská kotlina Basin represents the southeast part 
of Upper Nitra Basin. It has a semi-open nature of the ba-
sin (Fig. 6.1).

Altitude ranges from 300 m a.s.l. in Prievidza, to about 
500 m a.s.l. in Handlová and the highest point in the area 
is the hill Grič (971 m) to the southwest of the Handlová 
town.

The basin is on the N and NE bordered by the Žiar 
Mts., on the E and SE by the Kremnické vrchy Mts. and 
on the S and SW by the Vtáčnik Mts. Length of the basin 
is approximately 14 km, the average width is about 5 km. 

Hydrogeological conditions of the Handlovská kotli-
na Basin and adjacent area

According to the geological structure of the area hydro-
geological units with different hydro-geological characte- 
ristics, regimes and groundwater chemistry were defined: 

•	 hydrogeological unit crystalline rocks of the Žiar 
Mts. with fissure permeability;

•	 hydrogeological unit of Palaeozoic and Mesozoic 
rocks with fissure and karst-fissure permeability; 

•	 hydrogeological unit of Inner-Carpathian Palaeogene 
rocks with fissure permeability; hydrogeological 
unit of Neogene sediments of the Handlovská kotlina 
Basin with fissure and intergranular permeability; 

•	 hydrogeological unit of Neovolcanic rocks and se- 
diments with fissure and intergranular permeability; 

•	 hydrogeological unit of Quaternary sediments with 
intergranular permeability.

Generally in granitoids the circulation of groundwater 
is shallow and is associated with a near-surface zone of 
disintegration and faulted zones of the massif. Groundwa-
ter is of low mineralization, typically silicate or- silicate 
sulphide type (Ca-HCO3, Ca-HCO3-SO4 and Ca-SO4) with 
TDS 90 – 160 mg . l-1 (Černák et al., 2004). 

On the crystalline massive Mesozoic envelope is de-
veloped in three tectonic units (nappes).

Tatricum tectonic unit (Ráztočno Succession) is cha- 
racterized by strong tectonic reduction. Middle Triassic 

carbonates and Jurassic limestones, 
clays, shales, sandstones and con-
glomerates of the Tatricum are 
overlain by carbonates of Fatricum 
tectonic unit. On the south side of 
the Žiar Mts. Hronicum tectonic 
unit (Sklené Mesozoic) is devel-
oped. Palaeogene clay sediments 
create barrier for groundwater 
circulation on the contact with 
Mesozoic sequences. Based on 
a detailed hydrogeological map-
ping of springs and streams it is 
clear that there is significant deficit 
in groundwater discharge (at sur-
face) in relation to the infiltration of 
precipitation (Černák et al., 2012). 
The highest values of transmissiv-
ity are typically assigned to lime-
stones and dolomites which are the 
main and most important aquifers 
in the area. The calculated coeffi-
cient of transmissivity in the area 
T = 2.48 . 10-5 m2 . s1 was obtained 
from well KV-21 (Auxt, et al., 
1997). Groundwater of Mesozoic 
carbonate is of Ca-Mg-HCO3 to 
Ca-HCO3 chemical type with TDS 
typically in range 250 – 450 mg . l-1. 

On the surface Inner-Carpathi-
an Palaeogene rocks are present in 
large extent. They are represented 

Fig. 6.1 Geomorphological set up of the Handlovská kotlina Basin (Mazúr & Lukniš, 1980)
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by Borové Formation (breccia, conglomerates, lime-
stones), marginal (Terchová) formation (clays, positions 
of conglomerates), Huty and Zuberec formations (clays, 
flysch) and sandstone of Biely potok Formation (mainly 
sandstones of Chrenovec Mb.). Groundwater is bound 
to breccias, conglomerates and sandstones (mainly Bo-
rové Fm. and Biely potok Fm.) with fissure permeability. 
TDS of groundwater with origin in the Borové Fm. in the 
Handlovská kotlina Basin was in range 176 – 422 mg . l-1 
with Ca-Mg-HCO3 chemical type. Palaeogene rocks are in 
superposition to Palaeozoic-Mesozoic rocks.

Hydrogeological unit of Neogene sediments in the 
Handlovská kotlina Basin include schliers, clays, tuffites, 
coal deposits, conglomerates, gravels and sands. Ground-
water is bound (linked) to conglomerates, gravels, sands 
(Kľačany, Lehota and Lelovce Fms.) with fissure and inter-
granular aquifers. Thus, major hydrogeological aquifers are 
located mainly in the upper part of the Neogene basin fill. 
Formation of schliers, clays and clay-tuffite layers (Čausa, 
Handlová, Nováky, Koš Fms.) represent aquicludes and 
aquitards. Groundwater from 
Neogene sediments represent 
Ca-Mg (K)-(Na)-HCO3 chemi-
cal type with TDS 487 mg . l-1 
or 658 mg . l-1 (based on 2 sam-
ples in the Handlovská kotlina 
Basin).

Hydrogeological unit of 
Neovolcanic rocks consists 
of various volcanic rock for- 
mations (different types of 
andesite, volcanic clastic 
rocks, rhyolites). Fissure per-
meability prevails especially 
in andesite, volcanic breccias, 
conglomerates, volcanic sand-
stones, siltstones and tuffa-
ceous claystone. Intergranular 
permeability is prevalent in 
tuffs and some volcanic brec-
cias. Andesite lava sheets 
have a drainage function to 
overlaying volcaniclastic stra- 
ta with springs yielding up to 10 l . s-1. Groundwater with 
origin in Neovolcanic effusive rocks is of relatively low 
TDS of 190 mg . l-1 (median 174 mg . l-1). Groundwater 
from Neovolcanic volcaniclastic has a higher TDS of 
335 mg . l-1 (median 271 mg . l-1) mainly due to the pre-
sence of carbonate components in groundwater. Ground-
water is characterized by volcaniclastic Ca (Mg)-HCO3 
type of chemical composition.

Hydrogeological unit of Quaternary sediments in-
cludes fluvial, proluvial and deluvial sediments. Fluvial 
sediments represent the bottom sandy gravel accumula-
tion, gravel and clay in flood plains. The alluvium of the 
Handlovka River consists of clayey gravel characterized 
by value of transmissivity coefficient  2.2 . 10-4 m2 . s-1. 
Fluvial sediments are directly fed from river and aquifer 
is thus dependent on the river regime. Groundwater in 

deluvial sediments is dependent on precipitation regime. 
Groundwater with circulation in fluvial sediments of 
flood plains have variable chemical composition with Ca 
(Na)-(Mg)-HCO3 chemical type and TDS around 500 to 
900 mg . l-1.

Geothermal water in the Handlovská kotlina Basin has 
deeper circulation that is bound to hydrogeothermal struc-
tures of pre-Tertiary basement that is located between the 
Tribeč and Žiar mountains. This morphostructure defined 
by Fusán et al. (1987) as ”Handlovský chrbát“ Ridge is 
built by Mesozoic and Palaeozoic rocks of Fatricum and 
Hronicum tectonic units. Aquifers of geothermal water are 
made of mainly Triassic limestones and dolomites. Fig. 6.2 
shows geological setup of the Handlovská kotlina Basin.

Within the project “Basic hydrogeological research 
of the Handlovská kotlina Basin” basic hydrogeological 
map in scale 1 : 50 000 was compiled showing the lith-
ological content and its hydraulic parameters (as defined 
in Directive of MoE SR as of 26.10.2004 No. 8/2004-7 
on compilation of basic hydrogeological maps at scale of 
1 : 50 000). 

Mineral and geothermal water in the Handlovská 
kotlina Basin

Generally, geothermal waters in the Handlovská kotli-
na are linked to the tectonic units in pre-Tertiary basement, 
namely Fatricum (Mesozoic limestones) and Hronicum 
tectonic unit (Triassic carbonates). 

There were two reported sources of low temperature 
geothermal water in the Handlovská kotlina Basin (Kra-
hulec et al., 1978) before the drilling of the well RH-1. They 
were reported as inflows into the lignite mine in Handlová 
at a depth of 470 m. The inflow reg. No. PR-12 (l.c.) with 
yield 10.8 l . s-1 and water temperature 32 °C documented 
in year 1942 was of Ca-Mg-SO4-HCO3 chemical type with 
TDS 2.15 g . l-1. The second inflow (reg. No. PR-11, l.c.) 
was documented in the year 1945 with yield 2 l . s-1. The 

Fig. 6.2 Geological setup of the Handlovská kotlina Basin (http://mapserver.geology.sk)
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temperature and the chemical composition of the water 
were similar to the previous case though less mineralized 
(2.05 g . l-1). It was probably the same geothermal water 
that was reported by Fendek et al. (2004) based on oral 
information from Ferianc in 2001 (inflow of geothermal 
water with temperature of 32.5 °C; yield of 5.5 l . s-1; 
Ca-Mg-SO4 chemical type and TDS to 2.01 g . l-1). Geo- 
thermal water bound to strongly tectonically affected 
dolomites of Hronicum tectonic unit has been identified 
on the basis of the Palaeogene rocks in geothermal well 
FGHn-1 (in Handlová town), 470 m deep (Fendek et al. 
2004). Water from well had 19.4 ° C and pumped rate was 
2.17 l . s-1 with the drawdown of 110.15 meters from the 
well-head. Chemical type of water was Na-Mg-HCO3 with 
TDS 0.39 g . l-1. 

Mine water in the Handlovská kotlina Basin

In SW part of investigated area Handlová lignite mine 
is still in operation. The coal deposit is divided by fault 
of NNE-SSW direction into eastern high block with mi-
ning field Handlová and western block with mining field 
Cigeľ (Fig. 6.3). Overlaying aquifer system is represented 
by Lehota Fm. (gravel, sand, clay, sandstone, tuffites, 
breccias) with intergranular permeability and overlaying 
Neovolcanites with fissure permeability. The drainage af-
fected mainly overlaying and partly underlying collectors. 
Pumped amount of mine water from the Handlová mine 
was rising gradually from 50 l . s-1 (in 1960) to 300 l . s-1 (in 
1980), followed by irregular decline; the average annual 
yield of water pumped in the dewatering of the mine in 
2008 was 117 l . s-1 (Beck et al., 2009).

Groundwater with shallow circulation has TDS up 
to 200 mg . l-1. Groundwater with deeper circulation has 
higher temperature and total mineralization. 

6.3 Construction of the hydrogeological well RH-1
Drilling of the hydrogeological well RH-1 in Han-
dlová town 

Prior to the drilling, geophysical works (gravimetric 
and geoelectric measurements) were carried out in 2008 
in the larger area of designed well RH-1 (reinterpretation 
of the measured data performed in 2010). Measured geo-
physical data provided information for designation of the 
drilling place. 

The well was designed as a hydrogeological well and 
was drilled and tested in the period between 23. 7. 2008 
and 9. 4. 2010. The drilling was performed as the tradi-
tional rotary technology with rotation of the whole drill 
string, from the surface to the bottom with bentonite mix 
as a drilling fluid. 

Prior to the drilling, foundations for the drilling rig 
were constructed. As a part of that introductory casing 
(520 mm) in length of 4 m was mounted. Technical works 
started with drilling diameter Ø 444.5 mm to a depth of 
130 m. After external casing cementation was applied 
with casing diameter 355 mm. The next day (12. 8. 2008) 
effluence of methane (between casings 520 mm and 355 
mm) was recorded with concentration 6%. Measured con-
centration of methane (in period from 12. 8. to 2. 9. 2008) 
ranged from 1.5 – 10.0 % with a gradual decrease until it 
disappeared (24. 9. 2008). Further drilling continued with 
diameter 311 mm until the depth of 575.2 m and external 
casing cementation was applied. 

After cementing of casing column effluence of meth-
ane (from between casings 355 mm and 245 mm) was 
recorded again. After that sealing with rubber sleeve was 
applied and methane was driven by pipeline outside the 
workplace. It should be noted that during drilling to a 

depth of 575.2 meters there were 
no signs of gas. Gas leak from 
the casing annulus (between 
casings 355 mm and 245 mm) 
did not cease to the end of drill-
ing. The amount of leaking gas 
measured (27. 10. 2009) was 
0.572 m3 . hr-1. Based on analysis 
of the gas sampled at 21. 8. 2009 
the me-thane concentration was 
96.85 % and nitrogen concentra-
tion was 2.61 %. 

The drilling continued to 
a depth of 1,064.40 m with dia- 
meter 216 mm without major 
complications. At a depth of 
1,064.40 meters there was com-
plete loss of fluid. Additional 
drilling was interrupted due 
to production of drilling fluid. 
At a depth of about 1,178 m 
further complete loss of fluid 
was recorded. Since that time 
restoration of drilling fluid cir-
culation was unsuccessfull till Fig. 6.3 Handlová mine situation in relation to the studied area
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boundary of the mining area

extent of the mine

mine gallery

adit

wells RH-1 and FGHn-1
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the final drill depth (1,201.3 m). While drilling at a depth 
of 1,179 m drilling bit was jammed due to instability of 
the borehole wall (poor circulation, poor fluid quality 
due to the losses). Borehole was supported by casing of 
diameter 178 mm to that depth. After the well logging to 
a depth of 1,179 m (30. 12. 2009) well screen intervals 
were selected and well-casing of diameter 178 mm was 
applied in depth interval from 540.4 to 1,179.0 m. Further 
drilling was performed by drill bit with diameter 140 mm 
at a depth between 1,179.0 m and 1,195.0 m. Drilling was 
interrupted due to loss of drilling fluid. Drilling core (Ju-
rassic limestone) was sampled in the depth interval from 
1,195.0 to 1,201.3 m and after this drilling of the well was 
completed on 10. 1. 2010. Logging at the depth interval 
1,179.0 to 1,201.3 m was performed at the same day and 
sections for well screens were selected. Well casing with a 
diameter of 114 mm was mounted in depth interval from 
1,172.5 to 1,201.30 meters.

During the drilling drill recoverywas sampled every 
5 meters of the borehole depth. Besides that 5 cores 
were sampled in intervals 0.0 – 8.0 m; 119.0 – 124.5 m; 
371.0 – 375.6 m; 567.8 – 574.3 m; 1,195.0 – 1,201.3 m. 

The construction of well is outlined in Fig. 6.4a. Perfo-
rated casing sections of the column were determined based 
on the results of geophysical logging measurements and 
are shown in Fig. 6.4b. 

meters, 575.0 to 694.0 meters, 739.5 to 805.5 meters, 
868.5 – 968.5 meters. Section from 968.5 to 1,082.7 meters 
is affected mainly in intervals: from 1,015.0 to 1,018.0 m, 
from 1,025.0 to 1,041.7 m, from 1,054.6 to 1,055.8 m, from 
1,064.3 to 1,082. At the bottom part of the well, from depth 
of 1,082.7 meters nature of fracturing is changing toward 
less cavernous, though with more local fractures. Such 
fractures were documented in depths of 1,116.0 meters, 
1,118.5 m, 1,158.5 m, 1,166.5 m, 1,177.5 m, 1,181.8 m 
and 1,196.9 m.

Water inflow into the wellbore

Inflow of water into the well was documented on the 
basis of temperature and resistance of the water in the 
well. Due to high level of cavernosity, drilling was per-
formed using dense clayey drilling fluid that influenced 
the inflow of water into the well. Fluid resistance across 
the measuring section was constant and changes in water 
resistance that would refer to water inflow were not clear-
ly confirmed. However, sections have been reported with 
changes in temperature gradient, which may be caused by 
the water inflow into the borehole. Those sections were 
around 889.8 meters and in intervals 1,032.8 to 1,042.1 m, 
1,150.7 to 1,160.1 m, 1,174.0 to 1,179.0 m and 1,194.5 to 
1,199.5 m.

Fracturing of the rock in the well

The whole complex of overlying rock to 968.5 meters 
is greatly disturbed. Based on drill logging most affect-
ed intervals were: 174.1 to 201.9 meters, 434.0 to 507.9 

a)	 b)
Fig. 6.4 a) - The construction of well RH-1; b) - Perforated casing sections of the column

Hydrodynamic tests in the well RH-1 

After installation of the casing the recovery of the 
well was performed on 14. 1. 2010. It consisted of drilling 
fluid substitution by clean water with focus on washing 
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the screening interval (perforated sections). Afterwards 
pumping at the rate of 4.16 l . s-1 was performed by 
submersible pump for three days, during which the wa-
ter temperature reached 31 °C and water level during 
pumping was at a depth of 43.89 meters below ground. 
Acid treatment of the well was performed on 28. 1. 
2010. After that well was washed again with clean wa-
ter and pumped by submersible pump for one day. On 2. 
2. 2010 – 21. 2. 2010 drilling rig was removed. 

Other part of the work was focused on performance 
of hydrodynamic tests in the well. Hydrodynamic tests 
were carried out on 23. 2. 2010 – 9. 4. 2010 by compa-
ny VIKUV (Hungary) (Gyűrüsi, 2010 in Černák et al., 
2012).

Step-drawdown test was performed in three steps, 
each of a duration 1 day with yield Q1 = 3.0 l . s-1, Q2 
= 6.9 l . s-1, Q3 = 11.0 l . s-1, which was continuously 
followed by yield Q = 15 l . s-1 for 22.7 days. Afterwards 
recovery test lasting 15 days was performed. 

During hydrodynamic tests hydraulic parameters 
were investigated. Steady water level in the well before 
pumping test was on the level 47.94 meters (from the 
well-head). Level in the well during the hydrodynamic 
tests (at the pumping rate 15 l . s-1) was at level 47.20 
meters (from the well-head) with the temperature of 
water (at the surface) 37.5 °C.

Temperature measured at the bottom of the well 
(measuring device was able to reach only to the depth 
1,186 m) was 38.5 °C (23. 2. 2010), or 39.9 °C (7. 4. 
2010). Based on a set of data temperature from 23. 2. 
2010 it can be indicated that in steady state conditions 
interlayer fl ow in open interval between 1,070 – 1,186 m 
is observed (with expected downward direction in the 
column). Long-term pumping caused heating up of 
the rock environment around the well. From this data 
the reciprocal value of temperature gradient Gg amounted 
39.67 m/°C.

Vertical profi le of the temperature at the end of the 
pumping phase (22. 3. 2010) and at end of the recovery 
phase (7. 4. 2010) is shown at the Fig. 6.5. Maximum yield 
of geothermal water pumped by submersible pump from 
well RH-1 was 16.7 l . s-1.

Major infl ow into the wellbore detected by well 
logging prior to casing and has a source in sandstones, 
conglomerates, limestones and dolomites from interval 
862.0 to 1,201.3 meters. Measuring of the fl ow in the well 
after casing was performed at 22. 3. 2010 (at the end of 
the pumping phase) with borehole rheometer VIKUV 
REO-40. Infl ow and outfl ow of water in the well is con-

Fig. 6.5 Vertical profi le of the temperature at the end of the pumping 
phase (22. 3. 2010) and at the end of the recovery phase (7. 4. 2010) 
measured in RH-1 well

Fig. 6.5 Vertical profi le of the temperature at the end of the pumping 

Fig. 6.6 Distribution of infl ow and outfl ow of water in the well RH-1 at pumping rate 15 l . s-1 measured on 22.3.2010
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nected only to the sections where perforated casing is pres-
ent. The measured values from measurement in the well 
are in Fig. 6.6.

Hydraulic parameters of the rock environment were 
calculated based on pumping and recovery test from data 
in period February – April 2010 are shown in Tab 6.1. 

in 2008) and draw attention to geological significance of 
earlier detected tectonic zone NW-SE, that crosses Hand-
lová fault (NNE-SSW). Based on geophysical results, the 
NW-SE fault zone most probably separates two different 
facies of the Tertiary fill – direction NE of the fault without 
the Neogene sediments and SW with the Neogene sedi-
ments. In addition, fault zone of direction NW-SE is likely 
to separate the two types of pre-Tertiary basement (with 
interpretations of carbonates to the NE and with different 
types of bedrock to the SW).

Hydrogeological well RH-1 provided new data into the 
clarification of the complicated geological structure in the 
area. Its geological content and lithostratigraphical inter-
pretation are outlined in Tab. 6.2

Chemical composition of geothermal groundwater in 
the well RH-1 Handlová

Sampling of the groundwater from the well RH-1 for 
chemical analysis was performed during the pumping test 
on 5. 3. 2010, 12. 3. 2010 and 17. 3. 2010. The results 
of chemical analysis of groundwater borehole are summa-
rized in Fig. 6.7.

The temperature of sampled groundwater ranged be-
tween 36.6 and 36.9 °C, neutral pH water reaction was in 
interval 6.9 to 7.04 and total dissolved solids ranged in 
1,066 – 1,073 mg . l-1 indicate chemical composition. Che- 
mical type of water was classified as Ca-Mg-HCO3-SO4. 
Dominant cations and anions were Ca2+ (165 mg . l-1), 
HCO3

- (378 – 398 mg . l-1) and SO4
2- (368 – 386 mg . l-1). 

The contents of the other basic components were sig-

Tab. 6.1 Calculated hydraulic parameters of aquifer based on 
measurements from pumping test performed on hydrogeological 
well RH-1

Tp 1.423 . 10-11 m3 Coefficient of intrinsic
(absolute) transmissivity

Kp 3.557 . 10-13 m2 Permeability coefficient
kf 5.047 . 10-6 m . s-1 Hydraulic conductivity

T 2.018 . 10-4 m2 . s-1 Coefficient of transmissivity

Monitoring of the gases in water from well RH-1 
was performed during the constant yield pumping at rate 
15 l . s-1. Total amount of the gas was 9.48 l . m-3 with me-
thane concentration 0.32 l . m-3. 

By the obtained measurements we assume that ground-
water from well RH-1 has origin in fissure environment, 
aquifer is confined and likely to have a large extent. 

6.4 Main results brought by hydrogeological well 
RH-1

Geological interpretation of the RH-1 well 

Known geological profile of the well RH-1 allowed re-
interpretation (in 2010) of the measured geophysical data 
(gravimetric and geoelectric measurements carried out 

Tab .6.2 Lithological profile of the well RH-1 in Handlová (based on Buček et al. 2011 in Černák et al., 2012).
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nificantly lower: Na+ 20.0 to 30.7 mg . l-1, Mg2+ 46.6 to 
49.3 mg . l-1, Cl- 11.0 to 24.1 mg . l-1.

Groundwater chemistry is genetically related to the 
Middle Triassic carbonates (Hronicum and Fatricum) and 
Lower Triassic gypsum (Werfenian Mb., as confirmed 
by isotope research). The rate rMg/rCa (average 0.48) 
indicates the circulation in the mixed limestone-dolomite 
environment (however this coefficient can also be affected 
by the mobilization of calcium in the dissolution of eva- 
porites).

Slightly higher chloride content (11.0 to 
24.1 mg . l-1) probably indicates insignificant mixing of 
water with groundwater from overlying Tertiary sediments 
containing salt of marine origin. 

The increased iron (2.45 to 12.1 mg . l-1) and man-
ganese contents (0.054 to 0.137 mg . l-1) indicate the 
groundwater movement under reduced conditions. The 
concentrations of the analysed trace elements are mostly 
low, below the detection limit of the relevant analytical 
method. Measured data confirmed the high stability of the 
chemical composition of the groundwater from the well 
RH-1 (Kordík in Černák et al., 2012).

On a sample analysed at the end of 16. 3. 2010 the 
determination of organic and microbiological parameters 
was made in accordance with Slovak Government Regu-

lation No. 496/2010 (amending and supplementing Slo-
vak Government Regulation No. 354/2006 Coll.) stating 
requirements on water intended for human consumption 
and quality control of water intended for human consump-
tion. The water from the well RH-1 was characterized 
by a slight microbial activity and does not contain any 
specific organic substances.

In accordance with the Decree of the Ministry of 
Health of the Slovak Republic no. 100/2006 mineral water 
from the well RH-1 is described as low temperature, neu-
tral (based on pH), moderately mineralized with prevailing 
Ca-HCO3-SO4 chemical composition, with increased con-
tent iron (of 1 mg . l-1) and sulphate (above 200 mg . l-1).

Chemical composition of geothermal groundwater in 
adjacent area

Hydrogeothermal structure of Hronicum tectonic unit 
is characterized by geothermal water of Ca-Mg-HCO3 and 
Ca-Mg-HCO3-SO4 type and TDS around 0.7 – 1.0 g . l-1 
(Bojnice – well BR-1, Vyhne – well H-1 and well HGV-3, 
Koš – well Š1-NBII). 

Hydrogeothermal structure of Fatricum tectonic unit 
is characterized by geothermal water of Ca-Mg-HCO3-
SO4 and Ca-Mg-SO4 type and TDS around 1.1 to 2.7 g . 
l-1 (inflows in Handlová mine – “Biely prameň”, Kremni-

ca – well KŠ-1, Sklené Teplice – wells ST-1 
and ST-4, Chalmová – well CH-3, Turčianske 
Teplice – wells HM-2, TJ-20, TTK-1, TTŠ-1).

It is assumed that the source of geother-
mal water is rainwater, as indicated by high 
values of the characterization factor rHCO3/
rCl (20 – 144) suggesting an open hydroge-
othermal structure. A characterization factor 
rMg/rCa (0.36 – 0.49) indicates the circula-
tion of water in the mixed – limestone-dolo- 
mitic complex. A considerable proportion of 
the sulphate component is documented in 
Sklené Teplice by the high values (above 0.4) 
of a characterization factor rSO4/TDS (wells 
ST-1 and ST-2 with circulation of water in 
gypsum). Genesis and chemical composition 
of water from geothermal well FGHn-1 in 
Handlová is different. Groundwater is of Na-
Mg-HCO3 type of chemical composition with 
TDS of about 400 mg . l-1 (Tab.  6.3).

Specific features of the chemical composi-
tion of above described thermal water sources 
are evident from Piper diagram in Fig. 6.8. 

Significantly different in cationic part is 
only water borehole FGHn-1. 

Other sources of geothermal water are 
placed in a relatively small cluster with dom-
inant presence of calcium cation. There is 
an evident increase in the proportion of the 
sulphate component in the thermal waters of 
the Fatricum tectonic unit, which is reflected 
in most cases in the higher levels of total 
dissolved solids (bottom graph) compared to 
geothermal waters of the Hronicum tectonic 
unit. The proportion of the sulphate compo-
nent in both cases is significantly variable.Fig. 6.7 Adapted Piper diagram of the groundwater in the well RH-1
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Geothermal water from Hronicum unit in comparison 
with Fatricum unit water is significantly undersaturated 
to gypsum and anhydrite. The most significant undersat-
uration to the anhydrite and gypsum is evident for water 
from well FGHn-1. In most cases, water from Hronicum 

and Fatricum units are comparatively supersaturated with 
aragonite to calcite and dolomite. Significant oversatura-
tion to aragonite, calcite and dolomite was also found in 
the water supply FGHn-1.

As indicated above, proportion of the sulphate com-
ponent has significant dispersion in the 
chemical composition. From this per-
spective, the share of a characterization 
factor rSO4/M with increasing tempera-
ture shows notable increase trend (with 
the exception of Bojnice therma (BR-1) 
and the source Š1 NBII). This correla-
tion could be related to the length and 
depth of geothermal waters circulation, 
where the water with a higher tem-
perature is characterized by a longer 
residence time in the environment and 
increase the proportion of sulphates and 
total dissolved solids in these waters.

Isotopic composition of geothermal 
groundwater in well RH-1 and adja-
cent area

The isotopic composition of oxy-
gen and hydrogen was monitored in 
precipitation (Prievidza airport) from 
November 2008 to October 2009. The 
main factor governing the presence of 
isotopes in precipitation is the tempe- 
rature, which is in general function of 
latitude, altitude, season of the year and 
age (cold and warm geological period). 

The isotopic composition of oxy-
gen and hydrogen in groundwater was 
monitored in selected resources during 
the period from December 2008 to Feb-
ruary 2010 five times. All monitored 
groundwater sources, including well 
RH-1 and a source in Handlová mine 

(Bajtoš et al., 2011), 
are of clearly mete-
oric origin, which is 
documented by their 
relationship to the 
global meteoric line 
(Fig. 6.9).

Fig. 6.8 Adapted Piper diagram of geothermal water resources from the Handlovská 
kotlina Basin and adjacent area (incorporated sources in diagram are from Tab.6.2)

Fig. 6.9 The isotopic composition of oxygen and hydrogen in monitored groundwater resources in the Handlovská kotlina Basin
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Sulphur present in groundwater as sulphate may 
originate from multiple sources which have characteris-
tic isotopic composition. Gypsum and anhydrite of sed-
imentary origin from marine water essentially retain the 
original isotopic composition of marine sulphate. In our 
conditions the highest representation of the light isotope 
δ34S was in water of Permian ocean. For the corresponding 
evaporites of age (Permian, Lowermost Triassic) δ34S is 
around 10 ‰ (4 ‰ – 13 ‰). On the other hand, the highest 
rate of heavy sulphur isotopes is characteristic for Lower 

Triassic (Werfenian) sediments, with values δ34S about 
25 ‰ (20 ‰ – 29 ‰). Gypsum and anhydrite are well 
soluble and the highest concentrations of sulphate have 
most likely origin in these sediments.

Another source (depleted sulphur) has origin in scat-
tered sulphides in sediments, in the studied area present 
mainly in coal deposits. Additional source of sulphur can 
be considered sulphur which is genetically linked to neo-
volcanites; in case of a deep source δ34S with value near 
zero.

Fig. 6.10 Oxygen isotopic composition of sulphate, depending on the sulphur isotopic composition of sulphate anion in monitored 
water sources

Fig. 6.11 The isotopic composition of the sulphur according to the concentration of the sulphate anion in water
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Low sulphate concentrations (~ 10 – 30 mg . l-1) in 
groundwater with relative light sulphur (δ34S ~ 2 ‰ - 8 ‰) 
have probably origin in precipitation. As documented by 
Malík et al. (2000), the isotopic composition of sulphur in 
the snow from Handlová – Nová Lehota represents value 
δ34S = 6.2 ‰ at a concentration of sulphates 4.3 mg . l-1. 

The main processes that affect the quality and quantity 
of sulphate present in the groundwater can be considered 
dissolution (and precipitation), redox processes and mix-
ing. We do not consider progressive (bacterial) reduction 
of sulphate based on the findings on the absence of hydro-
gen sulphide in the water. 

In selected groundwater resources isotopic composi-
tion of sulphur and oxygen respectively in the water was 
measured.

Water from Mesozoic bedrock in Handlová mine 
seepage (source in ”Východná šachta“ (Eastern shaft) 200 
m a.s.l., seepage in mine galleries of VIIIth horizon) has 
isotopically heavy sulphur with δ34S = 23.1 ‰, which is 
usually characteristic of sediments of Werfenian Mb. or 
ocean sediments of Miocene age. The fact that this is the 
dissolution of the gypsum is demonstrated by high con-
centration (975 mg . l-1) of the sulphate anion in water. 
This idea does not contradict either the oxygen isotopic 
composition of sulphate (Fig. 6.10).

Sulphate present in water in high concentrations de-
tected within three sampled sources – seepage Mesozoic 
bedrock in Handlová mine seepage (Eastern shaft), geo- 
thermal borehole Š1-NBII Laskár and geothermal well 
RH-1 in Handlová, is from isotopic point of view (sulphur 
and oxygen) practically identical (Fig. 6.10 and Fig. 6.11). 
Sulphate probably originates from the same source, where-
in the isotopically lighter sulphur suggests the mixing of 
water with background sulphur (the position of the mixing 
curve in Fig. 6.11). Thus isotopically enriched sulphur 
(δ34S = 23.1 ‰, 22.4 ‰ and 23.6 ‰) is usually characte- 
ristic for evaporites (anhydrite) of Werfenian facies (Early 
Triassic). 

6.5 Discussion
The Handlovská kotlina Basin is a part of delineated 

geothermal groundwater body Hornonitrianska kotlina 
Basin (“Upper Nitra Basin“ respecting definition and de-
lineation by Franko, Remšík and Fendek, eds., 1995). The 
Handlovská kotlina Basin is in direct contact with geother-
mal areas ”Central Slovak Neovolcanites – NW part“. In 
both defined geothermal groundwater bodies geothermal 
waters are bound to Triassic carbonates of the Hronicum 
and Fatricum units, as well as to the basal Palaeogene 
breccias and conglomerates that are overlying the Triassic 
carbonates (creating one aquifer).

In the deeper parts tectonic units of Hronicum, Fatri-
cum and Tatricum are present in the Handlovský chrbát 
Ridge (as defined by Fusán et al., 1987) and its surround-
ing structures. All three units crop out in Tribeč, Žiar and 
Veľká Fatra mountain rangess and are possible recharge 
areas for geothermal waters in the Handlovská kotlina 
Basin. 

At the area of Handlová town, geothermal aquifer 
linked to Triassic carbonates of Tatricum tectonic unit is 
less probable due to its considerably reduced form.

Geothermal aquifers in Fatricum and Hronicum tec-
tonic units are segmented by faults into several, more or 
less partial structures that can be relatively independent in 
hydraulic and hydrogeochemical regime and temperature. 

More extended structures and aquifers are built by 
carbonate rocks of Fatricum tectonic unit creating tran-
sition and accumulation reservoirs of geothermal water. 
These are situated below the Hronicum tectonic unit rep-
resented by carbonate (Triassic dolomites and limestones) 
or non-carbonate bedrock (Ipoltica Group) (Remšík in 
Černák et al., 2012). Aquifers of these tectonic units can 
be interconnected in tectonic zones by geothermal water 
communication. Triassic carbonates, particularly in the 
Hronicum unit, can form more or less separate floes in 
their extension, as well as thickness, due to erosion and 
tectonic evolution. 

Thus Triassic carbonates of Fatricum, Hronicum and 
the basal Palaeogene clastics can create conditions for the 
existence of two geothermal aquifers in superposition one 
above the other, or side by side. The extension of tran-
sit-storage and accumulation areas of these structures thus 
can spread to the mountains of Vtáčnik, Handlovská kot-
lina Basin, Kremnické vrchy Mts. It can be assumed that 
geothermal aquifers in given area (geothermal water in 
the well RH-1) are connected to Handlovský chrbát Ridge 
built by tectonic Fatricum and Hronicum units and they are 
”isolated“ from neighbouring hydrogeothermal structures 
of Kremnica depression and Žiarska kotlina Basin. How-
ever, hydrogeothermal structure spatial definition (surface, 
thickness, boundary) currently faces a lack of direct data 
and information.

Geothermal water from Triassic carbonates of Fatri-
cum tectonic unit in the Handlovský chrbát Ridge can be 
found in two inflows into the mine Handlová at a depth 
of 470 m (200 m above the see level) in the eastern shaft. 
Yields were 10.8 l . s-1 and 2.0 l . s-1 respectively, with 
water temperature 32 °C. Water is of Ca-Mg-SO4-HCO3 
type with TDS 2.05 – 2.15 g . l-1, the CO2 content of 
127.6 mg . l-1 and H2S 0.14 mg . l-1 (Krahulec et al. , 1978). 
The same chemical type of water was confirmed by the 
analysis of water in 2010 (Černák et al., 2012). Similar 
geothermal water was detected in underground borehole 
KŠ-1 in Kremnica.

Geothermal water from hydrogeothermal structure of 
the Hronicum tectonic unit near Handlová is characterized 
by Ca-Mg-HCO3 type and TDS around 0.7 – 1.0 g . l-1. The 
hydrogeological well RH-1 in Handlová (depth 1,201.3 m), 
tapped geothermal water mainly from Mesozoic limestone 
and dolomite and from Permian clastic rocks and shales of 
Hronicum and Fatricum tectonic units in the depth interval 
of 862 – 1,201 m (441 – 780 m below the see level). The 
main inflow to the well (87.7 % yield) was from the Juras-
sic limestones of Fatricum tectonic unit. Yield of the water 
from well RH-1 was 15.0 l . s-1, water temperature 37.5 °C, 
chemical type Ca-Mg-HCO3-SO4 with TDS 1.07 g . l-1, 
CO2 70.4 mg . l-1 and H2S 0.25 mg . l-1. Sulphur had almost 
the same isotopic composition (δ34SSO4) as the seepage 
of geothermal water in the mine Handlová (Michalko in 
Černák et al., 2012). By chemical composition this water 
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shows affinity to aquifer in Fatricum tectonic unit, but with 
unusually low TDS for this structure. The cause of this can 
be low CO2 content, a relatively short circulation time, or 
can be the result of mixing higher mineralized water form 
Fatricum tectonic unit with less mineralized water form 
Hronicum tectonic unit. 

In case the geothermal water from the well RH-1 is 
a  result of water mixing with origin in Hronicum and 
Fatricum units, we cannot attribute recharge to a single 
area. This idea supports different isotopic composition of 
oxygen and hydrogen of water in the well RH-1 and seep-
age of geothermal water in Handlová mine (Michalko in 
Černák et al., 2012). 

Possible mixing of the water can occur at the contact 
of Hronicum and Fatricum units (in the area of the well 
RH-1) where at the depth interval 1,040 – 1,201 m (thick-
ness of only 161 m) reduced strata of Jurassic-Cretaceous 
limestones (Fatricum unit) are overlain by Upper Triassic 
carbonates (Hronicum unit). Suitable conditions for mi-
xing of the water from different tectonic units are given as 
well by position of the well at the fault zone of N-S direc-
tion (the valley of Handlovka River). Geothermal water re-
maining in the structure is characterized by its age, which 
has the value of 9,230 ± 110 years (Šivo & Richtáriková, 
2010 in Černák et al., 2012).

6.6 Conclusion 
In period 2009 – 2010 the hydrogeological well RH-1 

was drilled as a part of regional geological research. Prior 
to the drilling geophysical measurements were performed 
and detected tectonic zone of NW-SE direction as a key 
element in tectonic scheme.

Geothermal water from hydrogeological well RH-1 
in Handlová (1,201.3 m deep) is linked to the Mesozoic 
limestones and dolomites (geothermal aquifer). Inflow 
of geothermal water into the well (based on the results 
of geophysical measurements) was in the interval from 
862.0 to 1,201.3 meters. Water table in the well before 
pumping test was at the level of 47.94 meters (from the 
well-head). Usable amount of geothermal water 15.0 l . s-1 
was calculated and approved by Ministry of Environment 
based on 22.7 day pumping test. The water level in the 
well during the pumping test reached 47.20 meters (from 
the well-head) and water temperature at the surface was 
37.5 °C. Hydraulic parameters of aquifers were calcu-
lated. Coefficient of absolute transmissivity valued by 
1.423 . 10-11 m3, permeability coefficient 3.557 . 10-13 m2, 
hydraulic conductivity 5.047 . 10-6 m . s-1 and coefficient 
of transmissivity 2.018 . 10-4 m2 . s-1. Calculated usable 
amount of geothermal energy represents 1.41 MW. 

Geothermal water is calcium-magnesium-bicarbo-
nate-sulphate chemical type (Ca-Mg-HCO3-SO4 type) 
with a TDS of about 1,066 mg . l-1 with higher CO2, H2S 
and CH4 content and is not susceptible to scaling. 

The hydrogeological well RH-1 tapped geothermal 
water linked to Hronicum and Fatricum tectonic with 
main inflow (87.7 % yield) from the Jurassic limestones 
of Fatricum tectonic unit as proven by sulphur isotopic 
composition (δ34SSO4) and chemical composition. Reason 
for unusually low TDS (for this structure) can be low CO2 

content, a relatively short circulation time, or can be the 
result of mixing higher mineralized water form Fatricum 
tectonic unit with less mineralized water form Hronicum 
tectonic unit. It can be assumed that the geothermal water 
from the borehole RH-1 has circulation in aquifer with 
recharge and transit-accumulation zones but has no natural 
spring area. In this case it is a result of water mixing with 
origin in Hronicum and Fatricum units and thus we cannot 
attribute recharge to a single area. Though we assume, that 
precipitation is main recharge source which means that the 
source of geothermal water and geothermal energy is re-
newable. Geothermal water age is estimated to 9,230 ± 110 
years based on carbon dating.

Thermal conditions in the Handlová area (well RH-1) 
were documented at the depth of 500 meters (below sur-
face) with temperature 25 °C, at a depth of 1,000 m with 
temperature 35 °C and a depth of 1,200 m with the tem-
perature of about 40 °C. The mean value of geothermal 
gradient for the well RH-1depth section 100 – 1,200 m 
reached 21.0 °C . km-1.

Documented physical and chemical properties of the 
geothermal water from the well RH-1 have shown that wa-
ter is very convenient for bathing and wellness complex. 
The geothermal water in the Handlová town is a renewable 
resource which opens the opportunities for sustainable use 
and new activities in the region for example the recreation.
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