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Rockfalls and deep-seated gravitational slope deitions are recognized as a major natural hazamssdhe
mountainous regions with strong economical andasoonpacts on regional land settlement and tranapon
policies. In recent years these geohazards aredsitry as a result of climate change and rapidnsipas of human
habitats and critical infrastructure. Unfortunatelye physical mechanisms and trigger of slopeatidstation are
rather complex and strongly site variable and tdifcult to predict. As a result, some of the @nt researches aim
to design efficient monitoring techniques able &tedt changes in the slope conditions in order riticipate
catastrophic failures. Microseismic, meteorologeadl geodetic monitoring approaches are testdddrcontext.
Here, we present ongoing investigations on the aos&smic and the meteorological monitoring approémh
Séchilienne case study (south-east of Grenoblg, diging the most instrumented French hazardoyse dior more
than 20 years. The Séchilienne slope is charaetebiy a deep progressive deformation controllethbynetwork of
faults and fractures and induced by rainfall (Maleal. 2015b). A particularity of this landslitkethe absence of a
well-defined basal sliding surface (Leroux et &l12). Two microseismic networks have been instakegermanent
seismic network, installed in May 2007 (Helmstettad Garambois, 2010) by the the Multidisciplin@yservatory
of Versant Instabilities (OMIV), to supplement theodetic and geotechnical monitoring system opeérsitece 1985
by the French “Centre d’études et d’expertise & fisques, I'environnement, la mobilité et 'anggraent”
(CEREMA) (Durville et al., 2009). Later in Novemb2009, a temporary microseismic network was sebyphe
National French Institute for risks and environm@NERIS). It consists of experimental in-depth Ipge and it is
only one of the components of the INERIS experirakemiulti-parameter system, placed along the Westdyoof the
very active zone of the landslide (Dunner et &10).

MICROSEISMIC MONITORING

Observations from the permanent and temporary nktivoth indicate that microseismic monitoring isiseful tool
in order to survey slope activities as rock faltel aother destabilizations mechanisms. Accordinglyo major
microseismic crisis (with more than 100 events g tave been recorded during significant rock &alivity in 2012
and 2013.

Beyond data qualification and quantification of #egsmic rate, location of the corresponding mieisisic sources is
the second step in microseismic analysis but irequ@mplex above all with temporal networks withdemse stations
number and poor azimuthal coverage. In additioe,ltitation is a challenging task mostly becausehaf:lack of
clear seismic phase arrivals times and strong dggeeities in the local velocity structure.

In this study, we tested the potential of an amgit based location approach (Kinscher et al. 2@4th) some data
coming from the 2013 activity. Results of this aggh are consistent with previous location regf@tsilable on
http://omiv.osug.fr/fSECHILIENNE/SISMO/data.htimbbtained by using a beam-forming approach (Lacr&i
Helmstetter, 2011) (Figure 1). Even though ampétbdsed location seem to be somewhat less préeisdite beam-
forming approach, it provides automatic event lmeain quasi real time, which could significantijpprove local
hazard monitoring. Other efforts are currently ddoebetter resolve internal destabilization dynamaf these
rockfalls by using the high frequency componenteeninstalled in boreholes.

METEOROLOGICAL MONITORING

Rainfall threshold is a widely used method forraating minimum critical rainfall amount (rainfaidex) which can
yield a slope failure. Vallet et al. (2015b) shovthdt a threshold definition based on rainfall a&figctive rainfall
coupled with antecedent and precedent rainfallxridehe most appropriate approach for the Séckelandslide.
Indeed, the displacement velocity of the Séchileeimstability is mainly controlled by the hydrodynia behaviour of
the landslide hydrosystems (Vallet et al. 2015aMu)reover, previous works (Helmstetter and Garas)#010 and
Klein et al, 2014) showed a potential weak coriefabetween local microseismicity and rainfall.

To better understand the relationship between méismic activity and rainfall, effective rainfalh addition to
precipitation, was considered for threshold deabfinitas being the input signal of the landslide bggstems.
Literature reviews show that most of the thresksilglies are subjective and not optimal. Supportovemachines
(SVM), a supervised learning method, is used featdishing an optimal and objective threshold toe Séchilienne
landslide. The calculation of the SVM thresholdniprogress: all our microseismic data from 2002044 are used
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and precipitation data coming from the Mont Sec theastation (CEREMA station). This station inclade rain
gauge and a snow gauge and is located on the $apeea$ our microseimic network.

(a) . ) Beam-forming event location
Event location based on amplitude (b) Lacroix & Helmstetter (2011)
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Figure 1: Example of event location results usingraamplitude based (a) (Kinscher et al 2015) and aeam-forming based (b) (Lacroix & Helmstetter
2011) approach for ~ 250 events detected on the PO/2013. Black triangles refer to seismic stationsf the permanent OMIV network, while gray
triangles mark station positions of the temporal INERIS network.

CONCLUSION

We present current investigations aiming to imprmieroseismic and meteorological data analysih©ief3échilienne
rock slope. We provide a new automatic locationl fmmviding event location in real time, whose Hesiare
consistent with previous location ones (OMIV welgg@gaand the in situ observations. Complex slopkrts are
predisposed and triggered by hydrogeological camit Our combination of microseismicity with gralwater
recharge is ongoing and detailed results will lsent in the next future.
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