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Seismotectonic Context of Northeastern Italy

Northeastern Italy is one of the most seismically active regions in the
country, with frequent moderate earthquakes and significant crustal
deformation.

Understanding its seismicity and geodetic strain rates is crucial to
improve monitoring systems and assess potential risks to

@ITIN=RIS

infrastructure and communities.

www.crs.ogs.it/bollettino_new

Sandron et al., 2022

Tunini et al., 2024



Why do we need new monitoring technologies? @ ITIN=ERIS
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e Dense observations are crucial for
effective early warning systems and
accurate impact assessment.
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* However, traditional seismic and GNSS
networks have limited spatial
coverage and station density.

* Installing dense traditional networks is
costly and logistically complex,
especially in urban areas or difficult [

environments.

Need for new technologies to fill these gaps, providing continuous,
high-resolution data across large areas




Distributed Acoustic Sensing (DAS)

@ ITIN=RIS

DAS is a novel technology that uses optical fibers to measure deformation (strain) along their length,
transforming a single cable into thousands of virtual seismic sensors

Distributed Acoustic Sensor (DAS)
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DAS can detect ground motion, vibrations, and
acoustic signals in real time.

This enables dense, continuous monitoring over
large distances with high spatial resolution using a
single device (DAS interrogator).

* Monitoring length: >50 km with a single DAS
unit.

* Spatial resolution: approximately 1-4 meters
between sensing points.

* Frequency range: from 0.001 Hz (slow
deformation) to 50 kHz (high-frequency
vibrations).




ITINERIS Project: DAS Equipment Acquisition @ITIN=RIS |
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* Under the ITINERIS (Italian Integrated @ INFN & o= | eoss | &
Environmental Research Infrastructures System)
project, OGS acquired advanced DAS equipment to
establish a regional monitoring network.

* Purchases include:

O 6 iDAS interrogators (Slllxa) WP2 - Access to Facilities, FAIR Data and Related Services
o GPS units for time synchronization s e

o Vibration isolation platforms
o High-capacity NAS servers for data storage

* The total investment amounts to €1.2 million,
funded by Italy’s National Recovery and Resilience
Plan (PNRR).
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Collaboration with INSIEL and Friuli Venezia Giulia Region @ ITIN=ERIS

* INSIEL is the regional ICT company
managing telecommunication networks in
Friuli Venezia Giulia.

* An agreement was established between
OGS, INSIEL, and the Regional FVG
Government to use public fiber optic
infrastructure for scientific monitoring.

* This collaboration enables the installation of
DAS systems on existing dark fibers to
enhance seismic and geodetic monitoring.

* |t represents an innovative partnership for
regional safety and research excellence.

i. = = REGIONE AUTONOMA
I-; insiel FRIULI VENEZIA GIULA

[] iDAS interrogators

=== Fjber optic paths



The Amaro Node
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3 X NAS / Preprocessing units
(144Tb disk, 64 Gb RAM each)

IDAS line 1 — Amaro-Tarvisio
(50 km path, 16m spacing, ~3000 channels)

IDAS line 2 - Amaro-Udine/Cividale
(50 km path, 16m spacing, ~3000 channels)

IDAS line 3- Amaro-Sappada
(50 km path, 16m spacing, ~3000 channels)



Seismic regional monitoring: some examples

DAS has successfully recorded several low-magnitude regional
earthquakes. These data are being systematically compared with SMINO
station recordings to assess improvements in detection capability and
location accuracy.

As well, high spatial density of
DAS channels will enable:

= of
wave propagation and
subsurface imaging;

W Characterisation of local
site response for seismic
hazard assessment.

00000
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Mwpd 8.6 Earthquake, Kamchatka peninsula
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* Large teleseismic event (~8,000 km from NE Italy).

e Clearly recorded across the entire 50 km DAS line, with
coherent waveforms on thousands of virtual channels.

 Demonstrates the capability of DAS to capture long-

period seismic waves from very distant earthquakes,
validating its use also for global studies.
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Earthquakes (1900 - 2016
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Conclusions: Scientific and Operational Perspectives @ ITIN=RIS

 The deployment of DAS on public fiber networks in Friuli Venezia Giulia marks a significant large-scale
scientific application of this technology in Italy and Europe.

® Integration with SMINO and GNSS strengthens the NITRO NFO, expanding scientific knowledge of the
region by:
» Improving earthquake detection, location, and magnitude estimation.
» Providing dense observations of ground-motion variability, site response, and hazard patterns

» Offering new constraints for regional seismotectonic and deformation models.

* This innovative approach enhances Civil Protection services, advances risk mitigation strategies, and
promotes scientific excellence, ultimately contributing to safer and more resilient communities and

infrastructures
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