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Can we extract safely deep geothermal heat and produce 

at competitive costs 7% of the national baseload supply? 

Can we use deep rock volumes as energy banks?



Bedretto-scale

Grimsel-scale

Basel-Reservoir

DGE is a possible source of up to 7% of future electricity supply in Switzerland → how can we establish a productive heat-

exchanger at depth while controlling induced seismicity? 

Lab-scale

10 cm

Reservoir-scale

1 km

Deep Geothermal Energy (DGE)



5

Induced seismicity is 

commonly observed in 

anthropogenic activities 

altering significantly the 
underground conditions 

of stress in the vicinity 

of seismogenic faults.

Induced seismicity worldwide



Underground laboratories in Switzerland

Mont Terri

Grimsel



Laboratory Grimsel Test Site

BedrettoLab

0.1-1m scale 10m scale

500m depth
100 - 300m scale

1000 - 1500m depth

➢ Reach relevant depths, rock types and rock volumes

➢ Build an in-situ lab in these conditions

➢ Build experimental testbeds designed for specific scientific 

targets (geothermal energy, earthquake physics), cementing 

hundreds of sensors in deep boreholes to measure all physical 

and chemical parameters, and transforming the target rock 

volume in a large sensing environment

The experimental approach



The BedrettoLab

© BedrettoLab

➢ 5.2km long, connecting the Furka

train tunnel to the Bedretto valley

➢ 1’000-1’500m overburden

➢ 3 large caverns, 6m wide and 50-

100m long, ideal to host laboratories

➢ Remote area but excellent 

accessibility

➢ Two tunnel exits → safety!

➢ Longest tunnel of the Alps without 

wall overage, with complete access 

to bare rock face and faults

➢ Excellent cooperation by the owner 

MGB



History of the BedrettoLab

1973: built as a side-tunnel of the Furka base tunnel, as a 

possible train connection between Tessin and Valais

1983: abandoned after completion of the Furka railroad, partly 

blocked by rockfall

2000: first mapping and research

2012: partial reconditioning for Furka ventilation, enabling 

access to the full tunnel

2018: the tunnel is selected by ETH to host the BedrettoLab, 

after a discussion in the Consiglio Cantonale Ticino

May 2019: inauguration of the BedrettoLab

Two phases of construction 
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Inferred from borehole image

and impression packers 

We map the orientation of the stress on the tunnel 

walls and in short boreholes  

We map the orientation of all the faults crossing the tunnel and 

determine their propensity to rupture

Mapping faults and stress orientation



(Ceccato, in preparation)

3D model of the deformation structures in the Rotondo

granite and around the Bedretto Tunnel

Integration of tunnel, field structural data and remote 

sensing

Mapping geology and main faults



Kilometers of cores

A new storage facility built in Forch/Zääjuten, in a former military bunker near Zurich

All cores are scanned and fully characterized for the identification of faults



Seismic background monitoring

A dense, real-time, multi-sensor seismic array 

installed in the tunnel and on the surface…

which sometimes also need protection ! 

Strict traffic light protocols. 

And yes, magnitudes can be 

negative !

BTAP seismic station



Experiment Automatization - Remote Control

All experiment operations and data are visible directly through the Grafana Dashboard



Areas of societal relevance

Geoenergy: Safe and sustainable use of deep 

geothermal energy; heat storage in deep 

crystalline rock reservoirs

Earthquake risk: Possible identification of 

earthquake precursors and faults prone to fail

Origin and prevalence of life

Technology development

New instruments for underground exploration 

and monitoring

300-m scale fully engineered reservoir

First-ever on-fault observatory

Fundamental Research

Earthquake Physics: How do earthquakes start 

and stop? How do faults interact with the rock 

volume during an earthquake? 

Hydromechanics: How does injected water 

changes  rock conditions and brings it to failure? 

How is energy distributed in a fractured medium?

Geobiology: Life forms that exist and can develop 

in extreme environments; primordial life forms

a unique underground laboratory for Switzerland

The BedrettoLab in numbers:

▪ Opened in 2019

▪ ~ 3200 m boreholes

▪ ~ 2000 sensors installed

▪ > 1 PB of data recorded so far

▪ 30 approved projects

▪ 50 MCHF overall budget (2021 – 2026)

▪ 0.8 MCHF annual operational budget

▪ 8 core team (4 ; 4 ), 4.1 FTE on core 

funding

▪ 41 scientists ( 14 ; 27 )

▪ 10 PhDs ( 8 ; 2 )



Three primary testbeds



Geothermal testbed



How it all began





After three boreholes drilled



Characterization by GPR



A first conceptual geological model



Stress State in the BedrettoLab 



Valter Instrumentation



Geothermal testbed

We identified the target volume 100 – 400 m below the tunnel and drilled 

8 monitoring boreholes and 2 injection boreholes, to install the full 

monitoring system and engineer the reservoir for injection experiments 

and long-term seasonal energy exchange and storage





Extended hydromechanical characterization



Analysis of seismicity during stimulation



Valter III: Hydromechanics



Mzero experiments

Two experiments: 

MzeroA: with extended 

preconditioning, i.e. injection just 

below jacking pressure of 15 MPa 

followed by 20 MPa injection.

April/May 2024

MzeroB: without preconditioning, 

directly injecting at 20 MPa. 

End of August 2024



BEACH (Bedretto Energy Storage and Circulation of Geothermal Energy)

Workpackage leaders and deputies

Steering and M onitoring Com m ittee

BEACH-project
Project Coordinator and Project M anager

Deltares.nlBundesverband Geothermie



Bedretto Circulation and Heat Storage - BEACH



Earthquake Physics testbed



FEAR Project



Fault mapping

Red planes: surfaces from 3D 

geometry

Colored planes: fractures from 

tunnel wall mapping

Tunnel wall fault mapping on virtual tunnel surfaces

3D Fault zone geometry from tunnel 

mapping and borehole logs



Fault zone model

Fault zone model 

integrating tunnel, borehole 

and field observations



Tunneling activities

• Nisches and first 10m are done

• Continuation of Drill & Blast in January 2025

• To be finalized by Q3 2025



PRECODE – Mine By



FEAR Experiment 1

Figure from P. Seladurai

Understand how the MC fault zone (MCFZ) responds to injection into different fault zones segments and strands

• Induce aseismic slip & small magnitude seismicity (no dynamic ‘main shock’)

• Hydraulics: to what extent can we increase pressure across the entire MCFZ or on individual strands? 

• Microseismicity: how easily is it the MCFZ seismically activated, and where in fault zone does seismicity 

predominantly occur?

• Aseismic slip/deformation: can we use strain observations to infer the aseismic slip distribution, beyond what 

can be measured at the injection point with a SIMFIP?



Geochemical analysis of water from the MC fault

MiniRUEDI (mass spectrometer) measures gas concentrations in groundwater 

including: He, Ar, Kr, H2, CH4, CO2, O2, N2.



Stress Profiling in Enhanced Geothermal Systems (SPINE)



Deep Life Observatory



Deep Life Observatory

A T C 

GT A eobiology

Investigating the “Energy Limit” of Life

• 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



Illuminating “microbial dark matter” and non-standard life

14C-labeled Cells

Unlabeled Cells



BedrettoLab Projects



Access to the BedrettoLab

Transnational access to the BedrettoLab 

=> 3rd call to open in November 2024

https://www.geo-inquire.eu

The BedrettoLab and it testbeds are available to host experiments 

and data acquisition. 

How to’s: 

- Contact the Lab management

- Provide a project plan for larger experiments

https://www.geo-inquire.eu/


Dr. Marian Hertrich

BedrettoLab Manager

marian.hertrich@eaps.ethz.ch

Rebecca Hochreutener

Programm Administrator

rebecca.hochreutener@eaps.ethz.ch

ETH Zürich

Bedretto Underground Laboratory for Geosciences and Geoenergies

Sonneggstrasse 5

8092 Zurich, Switzerland

www.bedrettolab.ethz.ch

mailto:marian.hertrich@eaps.ethz.ch
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