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About HyTheC
● funded by the Croatian Science Foundation (Grant No UIP-2019-

04-1218)

● funded amount 267.000 €

● Employment of PhD student and PostDoc researcher (half of the

funding are their salaries)

● duration: 2/2020 – 5/2025 

● The goal of all installation research projects funded by CSF = 

establishing competitive research groups of early career scientists

specialised in some research topic
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Motivation
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Position of Croatia with regard to large European tectonic units (according to
Tari & Pamić, 1998; Lučić et al., 2001; Velić et al., 2012)

HyTheC



Motivation
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Horvath et al. (2006)



Motivation
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Heat flow densities
and geothermal
gradients (modified
according to Borović 
et al. 2016)



Motivation

6

HyTheC

Thermal waters in 
Croatia (according to 
Borović & Marković, 
2015)



HyTheC methodology
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Hydrogeological and 

hydrochemical

research

Structural-geological

research

Geothermic and 

geophysical research
Remote sensing

Multidisciplinary

methodology

RECHARGE
AREA

GEOTEHRMAL
AQUIFER

THERMAL
SPRINGS
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Daruvar

Hrvatsko zagorje 

Topusko

HyTheC pilot areas
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Daruvar

HyTheC pilot areas
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Hrvatsko zagorje

HyTheC pilot areas
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Topusko

Thermal water 

for heating

purposes

HyTheC pilot areas
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Topusko

DISCHARGE

AREA

Topusko
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Previously supposed

faults proven by ERT

research

Topusko
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• HYDROGEOLOGICAL
PARAMETERS

• T = 2 * 10-2 m2/s
• K = 2 * 10-4 m/s
• Also done for TEB-3

Topusko discharge area

Pavić et al., 2023
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• Šimunić (2008) recharge
west from the Petrova gora 
Mt. thrust

Topusko recharge area

• INA Projekt (1986)
proposed research between
Petrova and Zrinska gora 
Mts. (900 km2) to determine
the geothermal potential

HyTheC
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Topusko recharge area
Mišić (2022): Synthetic
geological map based
on OGK SFRJ in 
1:100.000 scale, sheets
Črnomelj (Bukovac i 
dr., 1984), Karlovac 
(Benček i dr., 2014), 
Sisak (Pikija, 1987), 
Ogulin (Velić & Sokač, 
1982), Slunj (Korolija i 
dr., 1980), Bosanski 
Novi (Šikić, 1988) te 
Geološka karta SFR
Jugoslavije mjerila 
1:500 000 (Savezni 
geološki zavod, 1970)

HyTheC
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Topusko recharge area

Mišić (2022)

HyTheC
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Topusko recharge area
HyTheC
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Topusko hydrochemistry
HyTheC

Sampling 

site 
Statistics 

T pH EC TDS* Ca2+ Mg2+ Na+ K+ HCO3¯ SO4
2¯ Cl¯ NO3

2¯ SiO2 

°C - μS/cm  mg/L 

Livadski 

izvor 
spring 

Mean 52.4 6.5 620.4 545.6 80.78 16.30 17.66 11.0 244.7 98.31 17.5 0.6 38.1 

Min 51.4 6.38 582 497 78.21 14.58 17.32 10.7 231.8 78.62 14.47 0.3 35.3 

Max 53.2 6.755 635 562 82.42 16.92 17.92 11.3 257.42 106.81 19.38 2.9 40.5 

St. dev. 0.5 0.1 10.1 14.1 0.8 0.5 0.2 0.2 6.8 7.3 1.3 0.8 1.4 

Blatne 

kupelji 

spring 

Mean 48.0 6.8 636.2 556.3 83.41 16.73 17.87 11.1 249.57 100.74 17.87 0.5 37.8 

Min 44.1 6.51 593 503 78.70 14.79 17.60 10.9 233.02 81.60 14.64 0.3 28.6 

Max 51.9 7.395 650 574 86.02 17.28 18.17 11.5 258.64 108.66 19.68 0.6 41 

St. dev. 2.3 0.3 13.0 15.2 1.8 0.5 0.2 0.2 6.0 7.4 1.3 0.1 2.3 

Well 

TEB-4 

Mean 62.2 6.6 625.8 554.8 81.96 16.72 17.87 11.2 248.88 100.02 17.63 - 39.1 

Min 46.8** 6.35 607 502 79.64 14.97 17.54 10.9 234.24 75.40 12.81 - 36.3 

Max 65.2 6.71 670 577 82.76 17.21 18.17 11.5 268.40 109.24 19.60 - 41.4 

St. dev. 3.9** 0.1 13.9 16.8 0.7 0.4 0.2 0.2 7.7 8.7 1.7 - 1.5 

 
• mildly acidic pH
• TDS 497 - 577 mg/l  → low mineralisation
• TDS typical for HTSs of the PBS-a (<1 g/l; 

Milenić et al., 2012) 

low mineralisation

points to meteoric

water recharge

• Results of
periodic
monitoring 
(3/2021 –
2/2023)

• 72 water 
samples)
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Principal anions and cations
HyTheC

Ca2+ > Na+ >Mg2+ > K+ Ca2+ dominant

Ion composition very stable

Large and stable HTS

Quality of the analitics checked by calculating

Charge Balance Error:

Ca-HCO3 hydrochemical

facies

C.B.E % =
∑cations − ∑anions

∑ions
×100 (%)
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Stable water isotopes
HyTheC

Geothermal aquifer

receives meteoric

water recharge
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Radioactive isotopes - tritium
HyTheC

• 3H not detected→ recharge before 1950

• 3H > 0.5 TU →mixing with younger water from shallower aquifers

3H
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Radioactive isotopes - radiocarbon
HyTheC

14C

• Corrections for A0 needed→ water dissolves Triassic carbonates
which have 14C activity of zero (decayed long ago!)

• With corrections, age probably 8.473 – 9.536 years BP



Effects of the research
● GT resources are investigated globally for projects of

GT water and energy utilisation

● There is usually a significant gap between the specific

locations of utilisation in comparison to regional scale

researches of entire HTSs

● Long-term sustainable utilisation of natural thermal

springs cannot be planned or secured without system-

level understanding
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Effects of the research

● Multidisciplinary research group has been formed

which can answer this challenge using the appropriate

skill set, equipment, and methodology

● Final bilingual publication with a critical review of

applying the methodology to three HTSs with diffrent

initial knowledge will be a useful guide for future 

investigations
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Effects of the research
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● PROBLEM:

○ Thermal springs and thier recharge areas are not protected by sanitary protection
zones like springs used for water supply

○ If they are not used as a heat source the aquifers also don’t need to be tested
according to Hydrocarbons and geothermal water exploitation act

● That way the utilisation and protection of HTSs remain poorly regulated since
thermal springs are mostly not used either for water supply, or as a heat source

● GOAL:

○ To share the knowledge about the neccessity of sustainable utilisation and 
management with the users, while also trying to influence the decision-makers and 
regulatory bodies to implement the contemporary knowledge and concepts into the
regulatory framework



Publications

28

HyTheC

• All publications available on the project web site

• https://hythec.wordpress.com/publications/

https://hythec.wordpress.com/publications/


EUROPEAN PARTNERSHIP
Thank you for your attention!

HyTheC
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