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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 Got-
thard pass region (Ma et al 2022). The Bedretto tunnel is 5’218m 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 1.5km, 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 à Bas Brut (LSBB) in France1, iv) the Sanford Underground Re-
search Facility in South Dakota, USA2, and v) the SKB Äspö Hard Rock Laboratory in Swe-
den3. Among the aspects that set the BedrettoLab apart from other underground laboratories
are its larger depth (>1km 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 conceived as a possible train connection between Tessin
and Valais. It was abandoned in 1983 after completion of the Furka railroad and was partially
blocked by rockfall. In 2000, the first 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 first time
since construction. In 2018, after discussions in the Consiglio Cantonale 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 Zürich have an 8-
year agreement with the MGI for use of the tunnel for the BedrettoLab. Between 2018 and 2019,
the tunnel was retrofitted 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 full infrastructure to TM 5’250. The first
phase of infrastructure development in 2018/2019 was funded by ETH Zürich. The second
phase of infrastructure development was funded fully by the Werner Siemens Foundation.

1https://lsbb.cnrs.fr
2https://eesa.lbl.gov/projects/the-egs-collab-project/
3https://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 the niche between TM 2’000 and 2’100, features a major geophysical and rock mechan-
ics monitoring array (Plenkers et al 2023) to study reservoir engineering questions. Additional
instrumentation was supported by the SNF R’Equip grant 189632 "Monitoring and scientific
equipment for the Bedretto Deep Underground Laboratory for Geoenergies". The Geothermal
Testbed hosts the Bedretto Reservoir Project, which combines 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. Construction work on the Earthquake 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 better understanding of earthquake
rupture processes. The newly established Deep Life Observatory (DELOS) consists of geobi-
ology field 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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Figure 2: Past, current, and planned projects at the BedrettoLab.
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Geothermal Testbed

The Bedretto Reservoir Project

The Bedretto Reservoir Project is a single combined project for the development of a 100m
scale reservoir in the Geothermal Testbed that meets the goals of the DESTRESS, ZoDrEx, and
VALTER projects (described below). This combination allows for the optimized use of resources
and exploitation of synergies, including common monitoring and observation instrumentation,
shared access to boreholes in the rock volume under investigation, and reduced mobilization
and instrumentation costs for external contractors. The reservior is being developed through the
stimulation of two main injection boreholes, with lengths 400m and 350m, spaced 35m apart,
and monitored by 6 monitoring boreholes with lengths ranging from 150-300m equipped with
sensors for measuring a range of hydromechanical parameters and seismicity. The two injec-
tion boreholes were drilled by the DESTRESS and ZoDrEx projects. A 14-interval multi-packer
system was installed in the 400m injection borehole as part of DESTRESS. This multi-packer
system allows for zonal isolation and makes it possible to stimulate and control different inter-
vals/borehole segments separately. Different hydraulic stimulation protocols are being tested
within the VALTER project. Descriptions of the DESTRESS, ZoDrEx and VALTER projects
follow.

DESTRESS: Demonstration of Soft Stimulation Treatments of
Geothermal Reservoirs

PI: P. Meier (Geo-Energie Suisse AG)
Funding: EU Horizon 2020

DESTRESS demonstrates methods of enhanced geothermal systems (EGS). The aim is to
expand knowledge and to provide solutions for a more economical, sustainable, and environ-
mentally responsible exploitation of underground heat and to improve understanding of tech-
nological, business, and societal opportunities and risks related to geothermal energy. The
demonstration sites are using soft stimulation treatments to minimize environmental hazards.
The Bedretto Reservoir Project wants to show that the construction of a sustainable heat ex-
changer can be planned and controlled with the aid of a multi-stage hydraulic stimulation pro-
cesses. The aim is to demonstrate that multi-stage stimulation outperforms open-hole stimu-
lation for energy production (ie, yielding higher �owrates at comparable circulation pressure)
and is associated with lower levels of seismicity. DESTRESS aims to demonstrate an EGS
development approach taking site-speci�c geological requirements into account, and has three
overall objectives:

• Increasing reservoir transmissivity

• Maintaining productivity

• Minimizing induced seismicity and environmental impact
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ZoDrEx: Zonal Isolation, Drilling, and Exploitation of EGS projects

PI: P. Meier (Geo-Energie Suisse AG)
Funding: EU ERANET-GEOTHERMICA cofund activity

The ZoDrEx project aims at demonstrating drilling, completion, and production technologies
that will increase the technical and economical chances of success in geothermal energy ap-
plications. ZoDrEx aims to demonstrate that:

• Fluid-driven percussion drilling can be used in highly-deviated trajectories to improve
drilling ef�ciency in crystalline rocks, and that the impacts in percussion drilling can be
dampened to a level compatible with downhole measurement systems, leading to sub-
stantial cost reduction in geothermal well construction.

• Zonal isolation is key to ef�cient EGS stimulation and zonal isolation technology selection
can be performed ef�ciently; the project also aims to contribute to development of more
robust zonal isolation technologies.

• Operating EGS plants can be optimized through automation, improved protection against
corrosion with more acceptable inhibitors, and increased monitoring for ensuring the
safety of the workers, the public, and the environment.

VALTER: Validating of Technologies for Reservoir Engineering

PI: D. Giardini (ETH)
Funding: Swiss Federal Of�ce of Energy (BfE)

The VALTER project aims to address questions associated with the validation of stimulation
procedures and sustainable utilization of heat exchangers in the deep underground. Hydro-
seismo-mechanical key parameters are monitored at high spatial resolutions. There is an opti-
mal synergy between the goals of the VALTER and DESTRESS projects. In particular, the key
questions to be addressed by VALTER are:

• Which stimulation concepts are appropriate for enhancing permeabilty by orders of mag-
nitude while minimizing induced seismicity?

• What are the relationships between hydromechanical repsonse, the stimulation concept,
permeability creation, effective porosity, and induced seismicity?

• How can microseismicity be minimized?

• What are the heat exchanger properties of the reservoir?

VALTER4FEAR: a task of the FEAR project

PI: D. Giardini & S. Wiemer (ETH), F. Amann (RWTH Aachen), M. Cocco (INGV)
Funding: EU Horizon 2020 Synergy project FEAR "Fault Activation and Earthquake Rupture"

The aim of the VALTER4FEAR task of the FEAR project is to test the hydraulic injection proto-
cols intended for the FEAR fault activation experiments in the VALTER volume.

• Test and quantitatively understand the role of the injection protocol on fault precondition-
ing
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• Measure the dynamic changes of �uid pressure and strains, particularly during slip episodes
in the injection and monitoring boreholes

• First opportunity for FEAR working groups and task forces to design, conduct, and ana-
lyze data from fault slip experiments

Geothermal Testbed Highlights

• The newly installed multi-parameter monitoring system in the Geothermal Testbed is now
fully functional and producing high-quality datasets. The monitoring system consists of
piezoelectric accelerometers, in-situ acoustic emission (AE) sensors, �ber-optic cables
for distributed acoustic sensing (DAS), distributed strain sensing (DSS), distributed tem-
perature sensing (DTS), �ber Bragg grating (FBG) sensors, geophones, ultrasonic trans-
mitters, and pore pressure sesnors.

• Two stimulation phases were carried out as part of the VALTER project. The reservior
has been calibrated and can now be visualized. An extensive collection of very rich and
interesting data is ready for analysis.

• PhD student Kai Bröker and co-authors received the "Best Paper Award" at the 57th US
Rock Mechanics Geomechanics Symposium in June 2023 for the contribution "Hydro-
geomechanical observations during multistage hydraulic stimulation at the Bedretto Un-
derground Laboratory, Switzerland". Authors: Bröker, K., Ma, X., Gholizadeh Doonechaly,
N., Hertrich, M., Maurer, H., Rinaldi, A.P., Clasen Repollés, V., Obermann, A., Wiemer,
S., Giardini, D. & the BedrettoLab team.

Geothermal Testbed Publications

• Bröker, K., Ma, X. (2022) Estimating the least principal stress in a granitic rock mass:
systematic mini-frac tests and elaborated pressure transient analysis. Rock Mech Rock
Eng 55, 1931-1954. https://doi.org/10.1007/s00603-021-02743-1

• Gischig, V., Giardini, D., Amann, F., Hertrich, M., Krietsch, H., Löw, S., Maurer, H., Vil-
liger, L., Wiemer, S., Bethmann, F., Brixel, B., Doetsch, J., Gholizadeh Doonechaly, N.,
Driesner, T., Dutler, N., Evans, K.F., Jalali, M., Jordan, D., Kittilä, A., Ma, X., Meier, P.,
Nejati, M., Obermann, A., Plenkers, K., Saar, M.O., Shakas, A. & Valley, B. (2020) Hy-
draulic stimulation and �uid circulation experiments in underground laboratories: stepping
up the scale towards engineered geothermal systems. Geomechanics for Energy and the
Environment, 24, 100175, https://doi.org/10.1016/j.gete.2019.100175

• Ma, X., Hertrich, M., Amann, F., Bröker, K., Gholizadeh Doonechaly, N., Gischig, V.,
Hochreutener, R., Kästli, P., Krietsch, H., Marti, M., Nägeli, B., Nejati, M., Obermann,
A., Plenkers, K., Rinaldi, A.P., Shakas, A., Villiger, L., Wenning, Q., Zappone, A., Beth-
mann, F., Castilla, R., Serberto, F., Meier, P., Driesner, T., Löw, S., Maurer, H., Saar,
M.O., Wiemer, S. & Giardini, D. (2022) Multi-disciplinary characterizations of the Bedret-
toLab - a new underground geoscience research facility. Solid Earth, 13, 301–322,
https://doi.org/10.5194/se-13-301-2022.

• Plenkers, K., Reinicke, A., Obermann, A., Gholizadeh Doonechaly, N., Krietsch, H., Fech-
ner, T., Hertrich, M., Kontar, K., Maurer, H., Philipp, J., Rinderknecht, B., Volksdorf, M.,
Giardini, D. & Wiemer, S (2023) Multi-disciplinary monitoring networks for mesoscale un-
derground experiments: advances in the Bedretto Reservoir Project. Sensors, 23, 3315.
https://doi.org/10.3390/s23063315
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• Rast, M., Galli, A., Ruh, J.B., Guillong, M. & Madonna, C. (2022) Geology along the
Bedretto tunnel: kinematic and geochronological constraints on the evolution of the Got-
thard Massif (Central Alps). Swiss J Geosci 115, 8. https://doi.org/10.1186/s00015-022-
00409-w

• Shakas, A., Maurer, H., Giertzuch, P.L., Hertrich, M., Giardini, D., Serbeto, F., & Meier, P.
(2020) Permeability enhancement from a hydraulic stimulation imaged with ground pene-
trating radar. Geophys. Res. Lett., 134, 37-51, https://doi.org/10.1029/2020GL088783.

• Zhang, S., Ma, X., van Limborgh, R., Wenning, Q., Hertrich, M. & Giardini D. (submitted).
Fault zone spatial stress variations revealed by breakout observations within an array of
boreholes penetrating a granitic rock mass. Journal of Geophysical Research.

Ongoing research areas (presented on the following pages)

Creation of an underground heat exchanger on the 100m scale: induced seismicity during
hydraulic stimulations in the Bedretto Underground Laboratory, Switzerland
Rosskopf, M., Durand, V., Obermann, A., Schwarz, M., Villiger, L., Meier,M.-A., Maurer, H.
Wiemer, S. & Giardini, D.

Variability of petrophysical properties during reservoir stimulation and their effect on elastic
wave propagation: from laboratory to �eld scale
Behnen, K., Giardini, D., Hertrich, M., Maurer, H., Wenning, Q. & Selvadurai, P.

Stress variations around a fault zone in a granitic rock mass: insights from breakout observa-
tions within an array of boreholes
Zhang, S., Ma, X., Bröker, K., v.Limborgh, R., Wenning, Q., Hertrich, M., Giardini, D. & the
Bedretto Team

Multistage hydraulic stimulation at the Bedretto Underground Laboratory, Switzerland: �rst re-
sults from a geomechanical perspective
Bröker, K., Ma, X., Gholizadeh Doonechaly, N., Wenning, Q., Hertrich, M., Giardini, D. & the
Bedretto Team

VALTER experiment: real-time magnitude estimation
Durand, V., Rosskopf, M., Obermann, A., Plenkers, K. & Villiger, L.

Towards constructing an enhanced seismic catalogue with event similarity
Wu, S.-M., Rosskopf, M., Villiger, L., Durand, V., Obermann, A. & the Bedretto Team

Seismic imaging at the Bedretto Underground Laboratory (Switzerland) using active seismic
sources
Schwarz, M., Obermann, A., Villiger, L., Rosskopf, M., Durand, V., Meier, M.-A., Maurer, H.,
Wiemer, S. & Giardini, D.

Active seismic measurements in the VALTER volume
Schwarz, M., Obermann, A., Maurer, H., Wiemer, S., Giardini, D. & the Bedretto Team

Hydromechanical characterization of Interval 12 in ST1 during VALTER Phase-I stimulation: a
potential candidate for VALTER4FEAR
Gholizadeh Doonechaly, N., Jalali, M., Meier, M.-A., Wenning, Q., Hertrich, M., Maurer, H.,
Wiemer, S.
Giardini, D. & the Bedretto Team
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First results on the induced seismicity and its source parameters during hydraulic stimulations
in the Bedretto Underground Laboratory, Switzerland
Rosskopf, M., Durand, V., Villiger, L., Obermann, A., Giardini, D. & the Bedretto Team

An attempt to control induced seismicity and on-fault stress preconditioning in the Bedretto
Underground Laboratory, Switzerland
Jalali, M., Selvadurai, P., Dal Zilio, L., Durand, V., Obermann, A., Meier, M.-A., Amann, F. & the
Bedretto Team
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