
LSBB UNDERGROUND RESEARCH LABORATORY
Rustrel, Pays d’Apt Luberon, France

Reconversion of a Cold War nuclear weapon system toward interdisciplinary 

research and sustainable development of knowledge
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ORIGINALLY A BURIED NUCLEAR MILITARY BASE
DECOMMISSIONED IN 1997
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IN A MAJOR AQUIFER AND CARBONATE RESERVOIR
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URGONIAN CARBONATE PLATFORM

MAIN PERIMEDITERRANEAN

HYDROGEOLOGICAL RESERVOIR

MAIN SEISMOGENIC AREA

IN SOUTH OF FRANCE
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LSBB

Magnetic

spectra in the 

shielded area

Floor at 2x10-15 T

2011, mean

seismic noise

Daily quality

survey

Probability to reach

a given amplitude

Comparison between the 

measurement precision

of the gravity for different

locations on the Earth
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WITH A LOW BACKGROUND NOISE ENVIRONNEMENT
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LSBB UNDERGROUND RESEARCH LABORATORY

Unique specificities inherited from cold war and converted towards 

fundamental and applied research
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Low anthropogenic background

Analogue to oil-bearing carbonate reservoirs in the Middle East

Fifth world main exsurgence in carbonate and major karstic aquifer in the Mediterranean

Main seismogenic area of Southern France

+
 Infrastructure

EM shielded volume of 28 m × 8 m at 518 m depth

Fully equipped horizontal underground drifts, voids & vaults 

Access to ground surface (54 ha) and underground ( 4 km)

Wells: 1xZN 400 m, 2xZNS 100 m, 3xZNS 50 m

Underground wells at 250 m depth: 5x20 m

=
 A scalable platform for research

Low background  ultra sensitive experiments

Access to surface, large cavities and wells

Synchronisation surface / underground (GPS, FO Internet)

Metrology, calibration and instrumental intercomparison

Fractured and porous reservoir

Fluid transfer

…

Nice

Toulon
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 Resources
Karst underground water resource, carbonate platform

o 4D properties of rocks (seismic, radar, noise, …)

o Dynamic of transfers in the deep unsaturated area of karst

 Fluids & medium interactions
Thermo-hydro-mechanical & poro-elastic processes , geomechanics

o Dynamic of fractured media (petrophysics within horizontal drifts and wells …)

o Geomechanics & induced seismicity

o CO2 storage / Environment monitoring

 Wave propagation & radiative environment
Seismology, Magnetism, Gamma / Neutrons / Muons / WIMPs

o Seismic hazard ⃝ Sismo-Hydro-Magnetic couplings

o Electronic vs cosmic radiation hazard ⃝ Dark matter

o Water and rock density monitoring

 High sensitivity metrology & measures
Interferometry, Densitometry, Magnetometry, Seismometry, Cold atom gravimetry, …

o Facility for tests  & comparisons ⃝ Technological demonstrators

o Applied research

 Life
Biology, Chemistry, Imagery

o High frequency neuroscience

 Society  & Human Sciences
Contemporary History vs Cold War, anthropisation vs Global changes
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LSBB UNDERGROUND RESEARCH LABORATORY

Fundamental and applied interdisciplinary research organization
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LSBB UNDERGROUND RESEARCH LABORATORY
Rustrel, Pays d’Apt Luberon, France

An evolutive and scalable tool for science and technology
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TUNNELING KNOWLEDGE IN 1960’s
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ALBION WELLS AND ANTI-BLAST GALLERY WELLS

A multi-scales in-situ laboratory for carbonate reservoirs
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GAS area
5 x 21 m

Core drilling

Buissonnière area (N)
1 x 400 m (-350 m w.l.)

2 x 100 m

Gavotte area (S)
3 x 50 m

TOTAL Collab.

Geophysical constraints:

- Boreholes <  20 m spacing

- No casing

~2,1km

~1,4 km~0,4 km
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BROAD-BAND GPR IMAGING
Univ. Nice, Pau, INRIA, Univ. British Colombia, 
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 Methodology and new instrumentation for medium properties imaging
Broad-band radar, forward modeling & inversion (Sénéchal et al., NSG 2013; Beres et al. JAG 2013)

 Barycenter map
Each pixel represents thesholded “center of frequency” at each time point of the data for all traces
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(Yedlin et al., HONOLULU 2010; Van Vorst et al., GJI 2014)
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SEISMIC IMAGING & WAVE PROPAGATION
GEOAZUR, LFC-R, Paris Sud, ISTERRE, UNAM

Surface: 189 sismometers
Gallery: 150 geophones
103 shots (150 g TNT)

Reservoir imaging, mesoscale issues Maufroy et al., NSG 2013, BSSA 2014

Attenuation
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in situ mechanical parameters are unknown 
at the scale of a multi hectometric

subsurface rock mass

Effective stress ?
Rock damage ?

 Measurements on samples of small scales although they appear of large sizes

 Empirical method

Measurement

Mechanical parameters at 
small (sample) scale

Qualitative description of rock 
mass (scale, fracturation, 
hydraulic alteration, …)

Estimation

Mechanical parameters at 
large (in situ) scale

IN SITU MECHANICAL PARAMETERS OF ROCK
LSBB, Univ. Nice, Marseille, CEA/IRFU, CERN/RD51
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 in situ measurement of rock mass density using the muons flux absorption 

Bieniawski (1976), Hoek & Brown (1980)

o Mapping and monitoring the spatial and temporal density variation of large rock mass

o Studying in situ rock mechanics and fluid dynamics (i) subsurface damaging, (ii) fluid transfer and rock 
permeability, (iii) survey of underground engineering (tunnel, mines, underground storage, …) 

o See presentation #525 by Ignacio Lázaro Roche on behalf of T2DM2 (518B, Tuesday at 2PM)

“Temporal tomography of rock density using muon measurements with TPC-MicroMegas ”

ISRM Experimental Characterization of Rock Properties (PART II) 



ATOMIC INTERFEROMETRY FOR GRAVITATION
IOGS Bordeaux, Observ. Paris, Univ. Nice, Montpellier, Strasbourg, Avignon

Sichuan 2008

Seismometry MEMS

(SERCEL)

Laine & Mougenot, SEG 2014
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Cold atom gravimetry

(Observatoire de Paris)

Farah et al., Gyr. & Nav. 2014

New gallery excavated in 2016-2017

Axis length : 200-300 m

 Matter wave - laser based Interferometer Gravitation Antenna (MIGA)
New Metrology for interdisciplinary issues
Measure the phase shifts of several atomic

interferometers coupled in an optical cavity

o GW in astrophysics
o Very small changes in local gravity field

https://sites.google.com/site/migaproject/project-definition



QUESTION TIME

You are welcome for any future visit

LABORATOIRE SOUTERRAIN À BAS BRUIT DE RUSTREL

PAYS D’APT LUBERON

University of Nice, University of Avignon, CNRS, Aix-Marseille University, OCA

La grande combe, 84400 Rustrel, France – http://www.lsbb.eu, +33 4 90 04 99 00

 Inter-Disciplinary Underground Science & Technology conference, i-DUST’2016

5ème biennial conference – May 2016 – Avignon, France

 LSBB users meeting, 2015

3-4 June 2015 – Rustrel, France

direction@lsbb.eu

mailto:direction@lsbb.eu


 CALL FOR COLLABORATION (direction@lsbb.eu)

Discussions start for a project that should start prior 

the digging of MIGA & GW galleries during 2016-2017 to 

monitor in situ evolutions and impacts

o Improve our ability to characterize, and mostly simulate and 

predict the properties of the reservoir and its critical zone, 

especially when they determine (i) changes in fluid transfer patterns, 

(ii) cavity growth, and (iii) lead to reconsider the safety of buried or 

overlying infrastructures 

• m-barometry, seismo-acoustic couplings, EM perturbations,

• Seismic signature and Green function evolution induced by the step-by-step 

evolution of the medium during digging,

• Observation / modeling of seismic waves,

• Seismo-hydro-magnetic signature of detonations,

o Search for a better numerical approach based on direct simulations 

and joint reversals of the involved physical phenomena in order to

• Identify temporal disturbances,

• Understand spatial heterogeneity,

• Identify the relevant physical scales and properties controlling evolution 

processes (transfers, alterations, etc.) of the subsurface,

• Develop a methodology for characterize in situ the hydromechanical state.

o In situ tests of new sensors: mechanical, vibration, rotations, 

pressure, …

TUNNELING FOR A GRAVITATIONNAL PLATFORM
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 How to develop an activity at LSBB ?

Contact : Stéphane GAFFET,  Director, direction@lsbb.eu

o Complete an activity sheet describing the research, R & D, development, testing, project context 

(ANR, region, EU, ...), see http://www.lsbb.eu

o Analysis by the CDST committee of the compatibility of the proposed activity taking into account the 

specificities of LSBB and of the current and future experiences

o Feedback and adaptation of the activity where appropriate, then discussion of the needs and cost

o Drafting of a legal agreement with the CNRS including compliance to internal rules and recognition of 

the contribution of LSBB in any publication and communication

o Planning and implementation at LSBB taking into account the workload of the LSBB engineer team

o Implementation report and, if necessary condition for long-term residence defining the modality of 

recurrent maintenance

LSBB UNDERGROUND RESEARCH LABORATORY

Open to collaborations
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SCIENTIFIC AND TECHNICAL COMMITTEE (COST)

o Nico GOLDSCHEIDER Chairman of the IAH Karst-Commission, Karlsruhe (Allemagne)

o Anne-Lee McKINNELL Hermanus Magnetic observatory (Afrique du Sud) 

o Patrick LACHASSAGNE Danone Eau, Evian

o Pierre de MARCILLAC Institut d'Astrophysique Spatiale, Orsay

Président du COST

o Bernard MASSINON Commissariat à l'Energie Atomique, Bruyères-le-Châtel

o Guust NOLET GEOAZUR, Sophia-Antipolis

o Paul SEIDEL Department of Applied Low Temperature Physics of Jéna (Allemagne)

o Bart Van TIGGELEN Laboratoire de Physique et Modél. des Milieux Condensés, Grenoble

DAS « Théorie et modèles » CNRS/INP

o Joseph S.Y. WANG Earth Science Division, LBNL, Berkeley (Californie)

18

LSBB UNDERGROUND RESEARCH LABORATORY

Open to collaborations
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