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INTRODUCTION METHODS

This poster presents results of the first in situ fiber optic measurements in geothermal research In spring 2025, we performed ADTS at three pilot sites in central and south-eastern Slovenia in
in Slovenia, Europe. Thermal response tests were performed in three different boreholes with collaboration with INRS. The results were compared to lab values.

different lithologies and groundwater conditions. These tests used a composite FO and copper heating cable to evaluate thermal conductivity and

Fibre-optic technology and distributed temperature sensing (FO-DTS) have been used globally for temperature gradient at a resolution of 0.25 m, from which heat flow is calculated. The Silixa XT-
geothermal characterization [1]. FO-DTS was paired with thermal response tests for the first time DTS M interrogator (Faculty of Civil and Geodetic Engineering) was used.

in Slovenia in February 2025. Previously, we relied on laboratory measurements with Thermal
Conductivity Scanner (TCS) and needle probes (KD2 Pro) to determine rock thermal properties
and lately we integrated thermal response tests, but highly productive alluvial and karstic aqui-
fers with strong groundwater flow often limit their applicability. With over 17,000 shallow geother- . GCF-1/24 (Brod v Podbocju): a marly aquitard superposed by a shallow alluvial aquifer. Both
mal systems across different lithologies, we are interested in detailed litho- geothermal charac- are penetrated by a 100 m deep single U-tube geoprobe with a cemented FO cable;
terization of most prospective areas for shallow geothermal.

All tests consisted of a 3-days of heat injection followed by 3-days for thermal recovery. We com-
pared stratified litho-geothermal properties of:

CP-1/92 (Veliko Crnelo): a fissured dolomite with few caverns, penetrated by 131 m deep
Active distributed temperature sensing (ADTS) enables a depth-resolved temperature profile, abandoned artesian well. CP-1/92 was accessible to 90 m.

which recognizes the influence of thermal property heterogeneities and groundwater flow on
effective thermal conductivity [2]. Here, the Infinite Line Source (ILS) equation is used to generate
in situ thermal conductivity profiles for each borehole [3].

Pincome-1 (Ljubljana): a highly productive alluvial aquifer with average groundwater veloci-
ty of 10 m/day, penetrated by a 75 m deep monitoring well.
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CONCLUSION

Across all three investigated boreholes, the DTS heating tests reveal clear contrasts in subsurface thermal behaviour driven by differences in lithology and groundwater flow.

GCF-1/24 (A) shows a fully conduction-dominated system, with uniform heating, slow cooling, near-zero flow velocity and Peclet numbers, and only moderate A variations—conditions ide-
al for deriving intrinsic thermal conductivity.

CP-1/92 (B) exhibits distinct lithological controls on A, including low values in dolomite and peaks in tuff, while the temperature response shows localised advection at several depths;
however, flow velocities remain low, keeping Peclet numbers in the lower range.

In contrast, Pincome-1 (C) represents the most dynamic system, with elevated A peaks in gravel-rich intervals, high Peclet numbers, and the greatest flow velocities, indicating strong ad-
vective heat transport and well-defined flow zones.

Overall, these results confirm that thermal conductivity, Peclet number patterns and DTS-derived flow velocities jointly provide a robust picture of subsurface heterogeneity, ranging
from purely conductive (A), to mixed conductive—advective (B), to strongly advective environments (C). This highlights the importance of site-specific interpretation and shows that DTS-based
tests can reliably distinguish conductive bedrock settings from advective, gravel-dominated aquifers.

Acknowledgements

The research borehole was drilled within project V1-2213 GeoCOOL FOOD - Cold storage of food using shallow geothermal energy, funded as a Targeted Research Program "Our Food, Rural Areas and Natural Resources" granted in 2022 by
the Slovenian Research and Innovation Agency and the Ministry of Agriculture, Forestry and Food. Research and writing were supported by the Slovenian Research and Innovation Agency within the framework of the Young Researcher Pro-
gram of K. Borko, research core funding No. P1-0020 Groundwater and Geochemistry, and 10-007 Geological Information Center. Collaboration was facilitated by the UNESCO IGCP project 636, "Geothermal Resources for Energy Transition,"
and the project Geo-OPT, co-funded by the Slovenian Research and Innovation Agency within the framework of the DFP (Developmental Funding Pillar). The authors would like to thank Farm Turk for the permission to drill the borehole GCF-
1/24, Javho komunalno podjetje Grosuplje for permit to test CP-1/92, Jan UdovC and Simon MozeticC for geophysical logging, and Dusan Rajver for geothermal datasets

REFERENCES

[1] Ikeda, N. (2026). Geothermal Exploration Using the Optical Fiber Sensing: Distributed Temperature Sensing (DTS) Technology. In: Kasahara, J., Sato, K., Muraoka, H., Tagomoiri, K., Ito, N. (eds) Challenges in Geothermal Development. Advances in Geological Science. Springer, Singapore.
https://doi.org/10.1007/978-981-95-0553-1_7

[2] de Sousa Figueira, J., Nachbaur, S., Wehinger, S., Bourne-Webb, P., 2024. The Implementation and Comparison of Conventional and Enhanced Borehole Thermal Response Tests: A Case Study. Energies 17(13). https://doi.org/10.3390/en17133161
[3] Ingersoll, L. R. (1954). Heat conduction : with engineering, geological, and other applications (Rev. ed.). University of Wisconsin Press.




