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 Figure 1: Annual abstraction of thermal water until 2024       Figure 2: Groundwater level trends in 2 observation wells in 2009-2025       Figure 3: Monitoring requirements in the concession decrees   
                                                     according to the Water Act

              
   Figure 4: Simulated groundwater levels in 2040          Figure 5: Simulated groundwater levels in 2040            Figure 6: Current guidelines for reinjection wells  in Slovenia 

    (abstraction as in 2023m 2.2 mio m3/y)            (abstraction as in granted concessions, 2.5 mio m3/y)  

INTRODUCTION  
Among several Neogene geothermal aquifers in the Pannonian Basin, the transboundary Late 
Miocene sand and loose sandstone aquifer, the so-called basin fill “Upper Pannonnian” se-
quence of the Mura (in Slovenia) or Ujfalu Formation (in Hungary), is the most productive and 
exploited transboundary geothermal aquifer in the Pannonian Basin (Rman et al. 2015, 2020). 
Only 5% of identified geothermal wells were drilled for reinjection in six Pannonian Basin 
countries and because current permits allow much higher water abstraction as is the actual, 
further unsustainable developments can pose a threat for over-exploitation (Tóth et al. 2016).  
In Slovenia, Upper Pannonian sandy aquifer provides about 2.3 million m3 of thermal water per 
year, and had only one active reinjection well up to the end of 2024, used within a doublet for 
heating of the Lendava town (Valančius et al. 2023). Two more were drilled for this purpose - 
the first one in Moravske Toplice from 1993 was transformed into a production well in 2000, 
and the second one drilled in Murska Sobota in 2013 was never connected to the grid. 
Exploratory monitoring identified declining trends in piezometric groundwater levels between 
2009 and 2015, indicating a high risk of over-exploitation (Rman et al. 2024). This was followed 
by an official ban for new thermal water abstractions until the negative trend is mitigated by 
the Water Management Plan in 2015 and in all following periods. Recently, new reinjection 
wells were drilled: the one in Moravske Toplice in 2023 will be connected to the grid probably 
at the end of 2025 while reinjection wells in Dobrovnik are in use since the end of 2024. 

METHODS  
Reinjection wells as parts of doublets or triplets are promoted as one of main solutions for 
preventing over-exploitation of aquifers with low recharge and high development pressures. As 
there are various geological, technical and operational issues related to the proper position, 
design and management of reinjection wells in unconsolidated sandy aquifers, and we have 
observed improvement of hydraulic condition without extensive or additional reinjection in 
Slovenia,  we argue that good joint management and control of the exploitation can, to 
some extent, replace the need for new reinjection wells. 
To support our assumption, we have presented the development of the management systems 
in Slovenia, pointed out the newly developed guidelines to support planning of new reinjection 
wells, current research on main barriers preventing successful reinjection in loose sandstone, 
and compared: 
• Annual abstraction of thermal water from the regional and transboundary Upper Pannonian 

aquifer in north-eastern Slovenia 
• Groundwater levels in observation wells in north-eastern Slovenia, controlled by GeoZS 
• Simulated trends in regional groundwater levels if abstraction continues as current or is in-

creased to reach the amounts granted in concessions, using FEFLOW software. 
 

DISCUSSION  
Following a strict operational monitoring control since 2015, when the most concession con-
tracts according to the Water Act were signed in Slovenia, the regional abstraction has reduced 
and groundwater levels stabilized. During the COVID-19 years (2020-2021), several spas were 
closed, reducing the regional abstraction to 1.8 mio m3/y which stabilized or increased ground-
water levels. In 2024, abstraction reached pre-covid amounts (>2.3 mio m3/y), which again affect-
ed the levels and often turning the trend toward the decrease. The most evident effect of a new 
reinjection well is observed in Do-1 observation well (Fig.2) where  groundwater levels after half 
year of reinjection about 2 km away returned to pre-2015 ones, which is very favourable. 

CONCLUSION  
Based on observed dependency of regional groundwater levels and abstraction, and numerical 
simulation, we estimate the available amount of thermal water in the Mura Formation for exploi-
tation without reinjection to cca 2 million m3 per year. All additional development needs are  
available only using the doublets or triplets, with reinjecting waste thermal water. We have proven 
that detailed and ongoing management can improve the water balance, however, this approach is 
limited by physical aquifer properties. For additional needs, reinjection remains a necessary 
measure for good aquifer management, and can be better developed using already published 
guidelines (INFO-GEOTHERMAL project results).  
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