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The Bedretto Underground Laboratory
for Geosciences and Geoenergies

The Bedretto Underground Laboratory for Geosciences and Geoenergies ("BedrettoLab") was
established in 2018 in the existing Bedretto tunnel in the Swiss Central Alps, near the Gotthard
pass region (Ma et al 2022). The Bedretto tunnel is 5'200 m long and connects the Furka
Base tunnel in the northwest with the Bedretto valley in the southeast (Keller and Schneider
1982). Situated in crystalline rock with an overburden of up to 1.5 km, the BedrettoLab is ideally
suited for experiments focused on enhanced geothermal systems (EGS), earthquake physics
and other underground processes (Figure 1).

The BedrettoLab is a next-level development that builds on the experience from a number of
underground laboratory projects, notably from i) its Swiss predecessor at the Grimsel Test Site
(Amann et al 2018), ii) the Mont Terri underground rock laboratory (Bossart et al 2017), iii)
the Laboratoire Souterrain & Bas Brut (LSBB) in France?, iv) the Sanford Underground Re-
search Facility in South Dakota, USA3, and v) the SKB Asp6 Hard Rock Laboratory in Swe-
den®. Among the aspects that set the BedrettoLab apart from other underground laboratories
are its larger depth (>1 km average overburden), its location in the midst of the tectonically
active southern Swiss Alps, and its extensive and growing research infrastructure tailored for
geoscience and geoenergy research projects.

Brief history of the Bedretto tunnel

The Bedretto tunnel was built in 1973 as a side-tunnel of the Furka Base tunnel, with a length
of 5'200 meters. It was originally constructed to facilitate the excavation of the Furka Base
tunnel. It was abandoned in 1983 after completion of the Furka railroad and was partially
blocked by rockfall. In 2000, the rst mapping was conducted and research in the accessible
sections began. In 2012, it was partially reconditioned to provide ventilation for the Furka
tunnel. This reconditioning meant that there was access to the full tunnel for the rst time
since construction. In 2018, after discussions in the Cantonal Council of Ticino, the tunnel
was selected for the BedrettoLab. The Bedretto tunnel is owned by the Canton of Tessin,
who have leased it for 100 years to the Matterhorn-Gotthard-Infrastruktur (MGI). ETH Zurich
has an agreement with the MGI for use of the tunnel. Between 2018 and 2019, the tunnel
was retro tted with full infrastructure - road construction, securing of unstable rocks, ventilation
system, communications network, electricity - from tunnel meter 0 to 2'250. The BedrettoLab
was inaugurated in May 2019. A second phase of laboratory and infrastructure expansion
started in 2022, with the goal of extending the infrastructure to TM 5'250. The tunnel expansion
was nalized in 2023. The rst phase of infrastructure development in 2018/2019 was funded

by ETH Zurich. The second phase of infrastructure development was funded fully by the Werner
Siemens Foundation.

Zhttps://Isbb.cnrs.fr
3https://eesa.lbl.gov/projects/the-egs-collab-project/
“https://www.skb.com/research-and-technology/laboratories/the-aspo-hard-rock-laboratory
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Figure 1: The Bedretto tunnel displaying the Geothermal testbed between tunnel meters 2'000
and 2'100, and the Earthquake Physics testbed between tunnel meters 2'300 and 2'500.
The Deep Life Observatory (DELOS) consists of instrumentation and measurement locations
throughout the tunnel.

Research at the BedrettoLab

Since its construction in 2018, the BedrettoLab has facilitated a wide range of research projects
in the already-operational Geothermal testbed (Ma et al 2022). The Geothermal testbed, lo-
cated in a niche between TM 2'000 and 2'100, features a major geophysical and rock me-
chanics monitoring array (Plenkers et al 2023) to study reservoir engineering. Additional in-
strumentation was supported by the Swiss National Science Foundation (SNF) R'Equip grant
189632 "Monitoring and scienti ¢ equipment for the Bedretto Deep Underground Laboratory
for Geoenergies". The Geothermal testbed hosted the Bedretto Reservoir Project, which com-
bined 3 projects with complementary targets for the development of large-scale deep reservoirs
for the circulation of water and the storage and extraction of geothermal energy. One of the core
components of this effort was the Validating Technologies for Reservoir Engineering (VALTER)
project, funded by the Swiss Federal Of ce of Energy (BFE). Construction work on the Earth-
guake Physics testbed, located between TM 2'300 and 2'500, began in 2022. The Earthquake
Physics testbed will host a variety of research projects aimed at a better understanding of earth-
quake rupture processes. The newly established Deep Life Observatory (DELOS) consists of
geobiology eld instruments deployed across the tunnel, either near the Geothermal testbed or
in other areas (e.g. TM901), and will be used to study organisms living at the energy limit of life.
Figure 2 shows a timeline of various projects, past, current, and planned at the BedrettoLab.
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Data Management at the BedrettoLab

Project: Geosphere INfrastructures for QUestions into Integrated Research (Geo-
INQUIRE)

From 01-01-2024 to 31-03-2026 The overarching goal of the Geo-INQUIRE project is to foster
interoperability and cross-disciplinary research by providing physical and remote access to in-
stallations and data sets. The BedrettoLab is one of 30 European testbeds in the Geo-INQUIRE
project that will provide access to selected users to use the lab infrastructure for testing new
sensors or novel data acquisition techniques. Experiments can be accommodated during up-
coming stimulation experiments or as a dedicated experiment setup. Access costs of external
users are covered by Geo-INQUIRE, including the necessary training, equipment and consum-
ables, support personnel, travel and subsistence support. In return, users must share openly
the data collected and processed during the experiment, following the FAIR data principles.
This year, three experiments will take place, combining on-site and remote access:

1. Dr. Nadine Haaf and Dr. Jerome Azzola, from Karlsruher Institut fir Technologie (KIT),
will monitor electric self-potential and ber-optic DAS, DSS, and DTS of uid-driven fault
dynamics adding a new piece of scienti ¢ information to the FEAR2 experiment

2. Prof. Joerg Renner from Ruhr-Universitdt Bochum will investigate the intervals of ST1
during pauses in the heat storage cycles and in intervals of the MB2 monitoring sys-
tem alongside to heat-storage cycles (injection and production). These observations are
complementary to the BEACH experiment.

3. Dr. loannis Fountoulakis from the National Observatory of Athens will visit ETH Zurich
to test and benchmark machine-learning picking algorithms on the seismic datasets col-
lected during FEARL. His contributions could signi cantly improve the quality of the real-
time catalogue in future FEAR experiments.

The BedrettoLab team is very happy to host these and more guest experiments to come in
2026, which will contribute to the BedrettoLab commitment to open science and data sharing.

Project. European Plate Observing Systems - Optimization and evolution

From 01-10-2024 to 30-09-2027 The BedrettoLab joined the EU-funded EPOS ON project,
an initiative to enhance EPOS research infrastructure. Our contribution is towards integrating
data from the geoenergy test beds into the well-established data framework of EPOS. We work
together with Utrecht University and TU Delft from the Netherlands, to develop data and meta-
data standards for geothermal data sets to nally provide a data service that meet the research
community needs. This project kicked off in October 2024, at the same time our data manager
Liliana Vargas joined the team to take over this endeavor. Our goal is to strengthen collabora-
tions with European infrastructures alike and foster knowledge transfer and data management
best practices. We build upon results from the Geo-INQUIRE project to provide virtual access
to experimental data. The TU Delft and BedrettoLab team presented the new geoenergy test
beds community during the EPOS Days event held in Perugia, Italy in March 2025.

Projectl : Data Stewardship Network (DSN) - From 2023 to 2026

The ETH Library launched the Data Stewardship Network (DSN) at ETH Zurich in 2023, being
implemented as part of a project funded by swissuniversities. This network aims to facilitate
the exchange of ETH staff who provide technical support in the area of research data manage-
ment. Our data manager is one of six data stewards in the network, which involves supporting
researchers within and outside BedrettoLab. In 2025, the project partners have received addi-
tional funding from swissuniversities to continue the project for another year until June 2026.



Figure 3: The Bedretto tunnel, research infrastructure.

Project 2: Data Management Concept for Underground Laboratories

From 01.01.2024 — 31.07.2025 Last year, the BedrettoLab hired Liliana Vargas to work on
the development of a data management concept for underground labs, with the support of the
swissuniversities and in close collaboration with Grimsel Test Site, Mont Terri Project, and the
Swiss Data Science Center. Results include:

1. an in-depth assessment of the current data management practices
2. of the data governance framework and data management strategy
3. guidelines to implement FAIR data principles along the data lifecycle
4
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Geothermal testbed

The Geothermal testbed is located between TM 2'000 and 2'100. It is equipped with a 400 m
stimulation borehole equipped with a permanent multi-packer system separating the borehole
into distinct intervals. Surrounding the injection borehole an array of monitoring boreholes have
been drilled. The boreholes are equipped with a variety of sensors and consists of pore pres-
sure sensors, ber Bragg grating (FBG) sensors to measure strain, various seismic Sensors,
ber-optic cables for distributed strain (DSS), distributed acoustic (DAS) and distributed tem-
perature sensing (DTS).

M-zero experiments

In late summer of 2024, we performed a follow up of the successful rst "Mzero experiment" at
the geothermal testbed. The aim was to investigate earthquake source processes in relation
to aseismic deformation and hydromechanical effects, using the a dense, multiparameter sen-
sor array from the Geothermal Testbed. These experiments serve as preparatory steps for the
larger-scale FEAR experiments on the target fault zone, by allowing us to test preconditioning
strategies that may promote seismic rupture. The Mzero campaign involved two multi-day hy-
draulic stimulation experiments (Figure 1). In the rst experiment, MzeroA, the rock volume was
preconditioned by injecting water at a constant pressure of 15 MPa slightly below the expected
fracture reactivation threshold for four consecutive days. This was followed by a hydraulic stim-
ulation at a constant pressure of 20 MPa. The approach is based on the idea that bringing
a substantial fracture network close to reactivation enhances the probability of generating a
larger seismic rupture. In contrast, the second experiment, MzeroB, omitted the precondition-
ing phase and initiated stimulation directly at 20 MPa. This experiment design enables a direct
comparison of the effects of preconditioning on rupture behaviour and seismic response.

The outcomes of the two experiments were distinct in many aspects (4). During MzeroB, the
average seismicity rate was nearly double compared to MzeroA and the seismicity cloud was
larger. The spatial evolution of seismicity showed a more pronounced propagating seismicity
front compared to the more diffuse seismicity distribution of MzeroA. Most noteworthy is the
occurrence of a Mw-0.4 event during MzeroA, which is nearly two magnitude units larger than
the largest preceding event and produced a distinct aftershock sequence. Ongoing work at-
tempts to understand, if indeed the two distinct injection protocols can be held responsible for
the different seismicity characteristics. Specially, we also explore if stress interaction of the
Mw-0.41 mainshock or natural water pressure changes are potential mechanisms modulating
the seismogenic response of the fracture network. We are now in the process of analyzing and
modelling the multi-faceted data set in detail, and to write various peer-reviewed publications
on the ndings.
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Figure 4: a) Experiment sequence of MzeroA. b) Experiment sequence of MzeroB. c, d) Pres-
sure evolution in different monitoring intervals as well as the out ow from borehole ST2.

BEACH

In the BEACH project, we propose tackling the challenges of the Swiss energy transition with
demonstrating a new technology for storing and retrieving energy in the subsurface: Fractured
Thermal Energy Storage (FTES). This could be a key component for providing baseload en-
ergy to compensate for seasonal phases of energy demand and surplus. To our knowledge,
this is the rst attempt of energy storage in crystalline rock, which is particularly interesting for
Switzerland, because large parts of the Swiss subsurface include this rock type. We will test
several scenarios on their suitability for energy storage, and we will demonstrate that this can
be achieved in an ef cient and safe manner with appropriate monitoring techniques. Here, we
report on the rst phase of the project. Using numerical modelling approaches, we show the
feasibility and ef ciency of FTES with a single hole scenario at the Bedretto Lab test site. We
demonstrate that with realistic injection rates of 200 I/min of 60°C water, the ef ciency can be
> 70%. Based on these numerical results, we present an experimental setup that will be im-
plemented in the next phase of the project at our test site in the Bedretto Lab. First trials are
expected to start in early 2025. Furthermore, we provide three conceptual case studies, with
which we show that our concept is applicable to a range of potential sites in Switzerland. With
a comprehensive fracture analysis at the Valle maggia site, we demonstrate the potential use-
fulness of this location for FTES purposes. Furthermore, show that the results obtained at the
Bedretto Lab can be transferred to a site near Schaffhausen. Finally, we make use of a newly
established industry collaboration at Sisslerfeld to prove the economic viability of FTES. In the
BEACH biogeochemical monitoring team, the aim is to understand the impact of geothermal
energy storage and uid movement through fractured rock on microbial life deep beneath the
Earth's surface. To test the hydraulic connection between the boreholes in the Bedretto Tun-
nel and assess the seismic response of the system, cold water was injected into the fractured
granite rock. Although the injected water originated from inside the tunnel, the results show
that its hydrochemical parameters and dissolved organic carbon composition differ greatly from
the groundwater sampled from the injection well and nearby monitoring sites prior to the exper-
iment. Preliminary results from hydrochemical measurements and gas tracer analysis during
injection revealed a strong connection between the injection site and nearby boreholes, indi-
cating that microorganisms and organic compounds may be transported between these loca-
tions. In the coming months, they will analyze additional samples using DNA sequencing, mass
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spectrometry of dissolved organic carbon extracts, and isotope analysis to further investigate
microbial activity and transport. This research provides valuable insights into how subsurface
environments respond to geothermal operations and guide the responsible development of this
emerging technology.

Remote Control

The Remote Control or Remco hit again this year. We have been evolving and learning from
multiple experiments. We have been using this tool during MOa and b but also FEAR1 and now
BEACH for the cold injection. We are making use of the Grafana display to create a proper
database with logging of activities, changes of pressures, notes on the details of the projects
(5). The next step will be adding a plugin for the heat and temperature control of hot injection
in the case of geothermal testing in granitic reservoir.

Figure 5: Grafana logbook for project board.

ARTEMIS: Awareness and Resilience Through European Multi-Sensor
System

Pl: S. Wiemer (Swiss Seismological Service (SED) at ETH Zurich)

Following the redesign of the ArtEmis sensor's electronic components earlier this year (2025),
the updated device was successfully re-installed in the BedrettoLab in May. The Figure 6
shows a time series of temperature, pressure, and radon (Rn) count rate from the ST2 monitor-
ing borehole between May and June 2025. The sensor continues to operate smoothly and is
fully prepared for the upcoming FEAR experiment. As mentioned previously, several installation
sites have been identi ed in the Valais region, and three are set to receive the updated sen-
sors in autumn 2025. These include: the Lotschberg Tunnel, Bex mines, Yverdon-les-Bains,
Leukerbad, Baden, Lavey-les-Bains, among others. To complement the ArtEmis sensor, the
miniRuedi portable mass spectrometer and Rad8 devices were co-installed in Bedretto for ex-
tended gas monitoring and cross-validation at the ST2 monitoring borehole. The miniRuedi
is being used to monitor additional gas species (He, Kr, Ar, N2, CO2, O2) while the Rad8
(Rn) provides a cross-check for Rn measurements. It was observed that changes in dissolved
gases correlate with pressure and/or stress shifts surrounding the initial MO experiment (April
2024). The Rad8 also showed changes in Rn, however, results are more dif cult to interpret
and changes seem somewhat delayed in comparison to the other dissolved gas species as

12



	The Bedretto Underground Laboratory for Geosciences and Geoenergies
	Brief history of the Bedretto tunnel
	Research at the BedrettoLab
	Data Management at the BedrettoLab
	Project: Geosphere INfrastructures for QUestions into Integrated Research (Geo-INQUIRE)
	Project: European Plate Observing Systems - Optimization and evolution
	Project1 : Data Stewardship Network (DSN) - From 2023 to 2026
	Project 2: Data Management Concept for Underground Laboratories


	Geothermal testbed
	BEACH
	ARTEMIS: Awareness and Resilience Through European Multi-Sensor System
	Recent Publications
	Borehole tests at Bedretto underground laboratory regarding the scale dependence of hydromechanical properties (BEDEX)

	Earthquake Physics testbed
	FEAR: Fault Activation and Earthquake Rupture
	PRECODE: Progressive Excavation Damage Zone Evolution During and Post Mine-By Tunneling
	Hydraulic testing
	Laboratory test
	Numerical Modeling

	SPINE: Stress Profiling in Enhanced Geothermal Systems

	Deep Life Observatory (DELOS)
	Outreach
	What's next in DELOS?

	PHATES: Microbial responses to rapid physical-chemical changes in the continental subsurface
	C-FIX: Carbon fixation in deep crystalline rock
	ILLUME: Investigations into the diversity of cell-cell associations and non-standard life using metagenomics and cryogenic electron microscopy

	Characterizing and understanding Enhanced Geothermal Systems (EGS) - novel tools and applications in a deep underground laboratory
	Investigation of Seismic Anisotropy in the Rotondo Granite Using Active Seismic Data
	SNF PhD project on numerical modeling of induced seismicity
	Fracture geometry and aperture inversion from GPR reflection data: Modeling advances and applications to laboratory and field measurements
	Overview and Objectives
	Methods and Innovations
	Key results and Applications
	Broader impact and Future directions

	Seismicity analysis during hydraulic stimulations
	FIlluminating hydraulic stimulation processes by advanced seismic techniques

	BedrettoLab publications 2024-2025
	References

