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What is Distributed Acoustic Sensing” Bl ordm
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DAS uses light backscatter to provide extremely dense (mostly) strain* measurements
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* the optical properties of the fibre change with
the acoustic, pressure, and temperature fields
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Fibre imperfections — Rayleigh scattering (elastic, no wavelenght shift, strongest)

Fibre optical properties — Raman and Brillouin (inelastic, wavelenght shift, allow to
separate temperature and strain components)

Most DAS systems use Rayleigh scattering for increased range



Challenges in DAS
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Currently, DAS presents challenges in three main topics:

- Volume of generated data

+ Unclear sensitivity and smearing between different physical processes

« Unknown transfer function
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DAS integrates backscatter ™
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It quickly adds up



Data challenges

The shear size of the datasets dwarfs
even the largest nodal experiments

- 15-50 GB/day/km are typical sizes

- 1-3 TB/day per 50 km of fibre

Uploading and downloading datasets
requires time and |ots of storage space

Much like broadband data a few decades
ago, DAS data are routinely discarded
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Findable: DOI for each dataset are the norm 3

Accessible: Time and storage space limitations; some datasets can
only be made public after scrubbing, masking and/or downsampling

Interoperable: There are still no established standards for either data 3
or metadata

Reusable: Licensing is still an issue as most datasets are collected on3
privately owned infrastructure
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Currently, DAS presents challenges in three main topics:

- Volume of ge

Unclear sensitivity and smearing between different physical processes

Unknown transfer function



Major challenge: the response of DAS

We still don’t know how to precisely turn “DAS wiggles” into “Seismometer wiggles”
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Major challenge: the response of DAS =" orditi
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Major challenge: the response of DAS

Compared to seismometers, DAS has a lower SNR, variable angular sensitivity, and a still
undetermined transfer function from ground velocity to strain

The transfer function for DAS (single component) is: Ue (X, ®)=T, (@) g (X, w@

This is actually the most
important part of the equation!

€ encompasses all factors not present on seismometers:
Temperature, pressure, non-linear angular sensitivity, geometric low-pass filtering, etc.



An example of €: 5
Imprint of temperature
fluctuations on “strain” data
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Major opportunity: interdisciplinary
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Mw 6.7 (31/10/2023 12:33:44)
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Not having a transfer function doesn’t
affect the ability to record seismic
events, especially if multiple channels
are combined to increase SNR
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Recorded amplitudes and waveforms are not reliable!
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Recording earthquakes with DAS
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Getting a transfer function

Time (min)
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Experiments with co-located seismometers iF
allow to obtain local transfer functions valid
for short cable sections
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. Coupling* is highly variable
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* ground coupling, fibre casing and jacketing transmission, fibre twist, etc. Jousset et al (2018)

Loureiro et al (submitted to Seismica) 123



Getting a transfer function
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Site calibration is necessary to

reduce the € term in the transfer
function

Target areas should be the highest
SNR channels, or groups of
neighbouring channels with similar
SNR

OBS deployments are crucial for the
characterisation of undersea cables



Call for collaborative projects

Within the framework of Geo-INQUIRE, the EllaLink
GeolLab Madeira testbed is providing Transnational
Access for collaborative projects

ARDITI will support in the configuration of the
interrogator for each experiment target

GFZ provides long-term preservation of the datasets

Call for projects will be open on December 9t through
geo-inquire.eu

Depth/Altitude (m)




Take-home message

1) Data density is unmatched, but the size of DAS datasets impose challenges on time,
storage and manpower

2) A (still) open problem is the response of optical fibre to ground motion
Site calibration is a partial solution

3) Data richness far beyond the original concept behind the acquisition opens up
opportunities for international and inter-disciplinary collaboration

4) Geo-INQUIRE calls for Transnational Access to the GeoLab fibre are open
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Thank you!



	Slide 1: Challenges in Earthquake detection with Distributed Acoustic Sensing
	Slide 2: What is Distributed Acoustic Sensing?
	Slide 3: Back-scattering modes
	Slide 4: Challenges in DAS
	Slide 5: Challenges in DAS
	Slide 6: Data challenges
	Slide 7: Data challenges
	Slide 8: F.A.I.R. challenges
	Slide 9: Challenges in DAS
	Slide 10: Major challenge: the response of DAS
	Slide 11: Major challenge: the response of DAS
	Slide 12: Major challenge: the response of DAS
	Slide 13: Major challenge: the response of DAS
	Slide 14: Major challenge: the response of DAS
	Slide 15: Major opportunity: interdisciplinary studies
	Slide 16
	Slide 17: Recording earthquakes with DAS
	Slide 18: Recording earthquakes with DAS
	Slide 19: Getting a transfer function
	Slide 20: Getting a transfer function
	Slide 21: Call for collaborative projects
	Slide 22: Take-home message
	Slide 23

